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Date: 22 April 2011

Subject:  Invitation to join Correspondence Group of APT Wireless Group on “Implementation Issues Associated with Use of the Band 698-806 MHz by Mobile Services” 

Dear Sir/Madam,

At the 10th Meeting of the APT Wireless Group (AWG) held in Bangkok, Thailand, Task Group on Sharing Studies on IMT Systems of the Working Group Spectrum Aspects commenced development of a draft New Report on “Implementation Issues Associated with Use of the Band 698-806 MHz by Mobile Services”. This text can be found in Document AWG-10/TMP-35. 

AWG-10 agreed to work on updating this draft new report by establishing a Correspondence Group to study these issues. This Correspondence Group is to report on the results of its studies to the AWG-11 meeting. The Correspondence Group is to submit its report as an input contribution to AWG-11 at least two weeks prior to the start of the meeting. An opportunity to review this report in an informal face-to-face meeting is scheduled to be held one day before AWG-11 prior to its formal consideration in the Task Group on Sharing Studies on IMT Systems at AWG-11.
The administration of the Republic of Korea has kindly offered to provide a Chairman for the Correspondence Group. He is:
Mr. Jungsoo WOO

E-mail: jungsoo.woo@samsung.com  

Telephone: +82 (0)31-279-5887 

Those wishing to participate in the work of the Correspondence Group should contact Mr. Heo of the APT secretariat (aptawg@apt.int) who will arrange the necessary inscription to the related e-mail reflector. 

As the issue is of substantial importance to many administrations in the region, your participation in the work of the Correspondence Group is strongly encouraged. Please note that those who have registered for earlier Correspondence Group work on this general topic of “Use of the Band 698-806 MHz by Mobile Services” do not need to re-register.

Yours sincerely,

(signed)
Toshiyuki Yamada

Secretary General

Asia Pacific Telecommunity

Embedded Attachments:

Attachment 1: Correspondence group terms of reference
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Attachment 2: Draft New Report on “Implementation Issues Associated With Use of the Band 698-806 MHz by Mobile Services”
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SPECTRUM WG: IMT SHARING STUDIES

 CORRESPONDENCE GROUP TERMS OF REFERENCE

Background:


The harmonized frequency arrangement for the 698-806 MHz band was defined at the ninth meeting of the APT Wireless Forum (AWF-9) and is contained in APT Report 14.  The AWF-9 meeting invited further studies to determine the appropriate User Equipment out-of-band emission limits and related implementation issues.  These studies would provide useful information for national planning for the implementation of this band plan.  

Purpose:  

The purpose of this correspondence group is to:

1) To consider and agree on methodologies and parameters for use in the studies.


2) Conduct studies of the potential interference from the IMT UE out-of-band emissions into digital TV systems in APT countries operating below 698 MHz taking account of existing studies from AWF-9 and AWG-10 contributions.  . 


3) Discuss the results of the technical studies.

4) Propose updates to the Working Document Towards a Draft New Report developed at AWG-10 on “Implementation Issues Associated With Use of the Band 698-806 MHz by Mobile Services” with the results of the studies conducted in 2) (see document AWG-10/TMP-35). 

5) Provide a report of its activities to Task Group 1 of Spectrum Working Group

Deliverables:

1) Compilation of studies for input to AWG-11.


2) Proposed update to Draft New Report “Implementation Issues Associated With Use of the Band 698-806 MHz by Mobile Services” for input to AWG-11.


Timeline:  

The Correspondence Group would complete these deliverables and submit as input contributions to AWG-11 at least two weeks prior to the start of the meeting.

Tasks:


1) Consider methodologies for use,


2) Consider input parameters and assumptions, e.g., digital TV receiver sensitivity,


3)  Perform analysis based on the outcome of 1) and 2) above.


___________________

		Contact:

		JULIE WELCH

Chair, TG on IMT Sharing Study

		Email: jgwelch@qualcomm.com 
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WORKING DOCUMENT TOWARDS A DRAFT NEW REPORT: IMPLEMENTATION ISSUES ASSOCIATED WITH USE OF THE BAND 698-806 MHZ BY MOBILE SERVICES

[initial source docs: AWG-9/OUT-13, AWG-10/INP-30R1, INP-37, INP-42, INP-43, INP-44, INP-45, INP-46, INP-47, INP-50, INP-65, …….]

1. Purpose

The purpose of this report is to present the results of studies related to appropriate IMT User Equipment (UE) out-of-band emission limits and associated implementation issues relating to usage of the band 698-806 MHz. 


This document introduces studies by APT members to assist administrations in implementing the band 698-806 MHz for use by the Mobile Service, including by IMT systems, and to provide guidance to external organizations for development of associated technical standards.  Specific guidance on the IMT UE out-of-band emission levels is provided in the conclusions to this document. [Editors note: Conclusions in this document, arising from results of studies, are intended to be developed at the next AWG-11 meeting.]

2. Scope

In view of the conventional duplex arrangement, this document addresses the UE out-of-band emission limits applicable to the lower boundary of the band 698-806 MHz.  Furthermore, technical considerations for channel planning and other implications are also addressed.

3. Background

 The harmonized frequency arrangement agreed by APT members for the band 698-806MHz was defined at the ninth meeting of the APT Wireless Forum (AWF-9) and is contained in APT Report 14 – see Figure 1.  The AWF-9 meeting also invited further studies to determine the appropriate User Equipment (UE) out-of-band emission limits and related implementation issues.  These studies serve to provide useful information for national planning for the implementation of this band plan.
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Depending on the television planning arrangements established by national administrations, a guard-band of at least 5 MHz or 9 MHz will exist between the uppermost television channel and the lower end of the FDD uplink block.  Moreover, differing digital television technologies have been adopted by various APT countries, including DVB-T and ATSC for example.   These differences in national circumstances may need to be considered in the interference analyses reported in this report.

[Editorial note: TDD arrangement may also need to be addressed when relevant contributions are presented.]


4. Relevant Interference Analyses

This section describes the three approaches to interference analysis and determination of maximum emission levels, and summarises the key parameter values used in these analyses.


[Editors note: additional text noting that ‘worst case’ analysis more usually applies to establishing trigger values for co-ordination, rather than spectrum sharing arrangements – so appropriate qualifying comments may need to be included in this section.]

4.1. Methodology & Parameters


 For efficient discussion, it is necessary to have consensus on the methodology and it’s assumptions including key parameter values before undertaking studies because it is very difficult to discuss study results obtained with different methodologies and assumptions.  

[Editor: this text to be further developed as CG work progresses.]

While one contribution to AWG-10 noted that CEPT Report #30 (Annex 3) offers a recommendation for an out-of-band emission limit of -50 dBm/8MHz applicable to UEs under the European 790-862 MHz band, detailed review of this report has found it not technically feasible for the APT 698-806 MHz band plan due to differing structural arrangements.  Most significantly, the lower edge of the European UE uplink block at 832 MHz provides a filter transition span of 42 MHz to the uppermost edge of television block (790 MHz).  This differs markedly from the APT 698-806 MHz band plan as shown in Figure 2 below:
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Figure 2: Comparison of European and APT DD band Plans


[Editor: this text to be further developed as CG work progresses.]


4.2. Results of Deterministic Studies

Input document AWG-10/INP-46, “DETERMINISTIC ANALYSIS OF MINIMUM REQUIRED COUPLING LOSS FROM LTE UE TO ADJACENT DTV RECEIVER IN THE 700 MHZ BAND”, reports on a study aimed at characterizing the required minimum coupling loss (MCL) to mitigate any interference arising around the 694/698 MHz boundary between an indoor standards compliant LTE User Equipment (UE) and a digital television receiver based on the DVB-T 8 MHz standard with outdoor antenna occupying the uppermost adjacent television channel. This scenario is illustrated as “1B” in the figure below:
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Figure 2: Interference scenario “1B” of study


To determine the LTE UE worst case emissions in the DTV receive band, the specification 3GPP TS 36.101 User Equipment (UE) radio transmission and reception was used.  The allowable interference level was derived from the Recommendation ITU-R BT.1368-8 Planning criteria for digital terrestrial television services in the VHF/UHF bands.  The coupling loss between the LTE UE and the DTV receiver in this scenario was derived from parameters in the Recommendation ITU-R BT.419-3 Directivity and polarization discrimination of antennas in the reception of television broadcasting.  The following table summarises the results for all the scenarios studied:



[image: image4]

Table: Summary of results for various LTE Channel BW and DTV Guard-bands

Where: 


· PR = Protection Ratio of DTV signal to LTE UE signal at the DTV receiver


· MCL = Minimum Coupling Loss from LTE UE to DTV Receiver


· AAR = Additional Attenuation Required for this scenario


The key conclusions of this study were;


1. This is a worst case deterministic analysis for this scenario (indoor UE and outdoor DTV antenna) when;


· Television uses the uppermost adjacent television channel. 


· LTE UE OOB emissions at the limit of the standard requirements


· LTE UE to DTV Rx antenna coupling based on BT standard assumptions


· DVB-T system operating at the minimum planning receive level


2. The maximum additional attenuation required is no more than 11dB for all LTE bandwidths, for which the LTE UE Tx filters will easily provide due to their duplex band-pass nature.


3. The probably of LTE UE to DTV interference of unacceptable levels in this scenario will be low for real-world situations


· UE will not always be transmitting, and when it is, rarely at full power


· UE to DTV antenna coupling will frequently be larger than that assumed, e.g. in the case of Urban environments with longer DTV antenna systems


· The majority of DTV signal levels will be higher then those used in this analysis


4. Actual testing and measurements should be used to show the real conditions (UE to DTV receiver coupling) where noticeable receive quality is degraded.


4.3. Results of Empirical Studies

Measurements on three sample digital TV receiver devices were reported to AWG-10 (INP-47) to determine, in a practical context, the level of IMT (LTE) UE interference necessary to cause unacceptable television reception.  These measurements of maximum LTE interference level were undertaken for a range of frequency offset (guard-band) values and ‘wanted’ television input signal levels.

In the absence of any minimum technical performance standards applicable to television receivers, the threshold sensitivity level of each of the sample TV receiver devices was experimentally determined in the absence of any interfering signals.  These measurements illustrated the differing performance of the sample receivers, with threshold sensitivity levels ranging from -75dBm to -70 dBm.


A simulated LTE signal was derived, fully compliant with 3GPP specifications, using an Agilent vector signal generator specifically developed for LTE signal emulation.  The tests included the case of a 15 MHz LTE carrier and a 1.4 MHz LTE carrier.  The ‘wanted’ digital TV signal was generated by demodulating a good quality ‘live’ off-air signal and re-modulating the CVBS stream onto TV Channel 51 (centre frequency = 690.5 MHz).

As a starting point for the measurements, the lowest ‘wanted’ television input signal level was derived from ITU-R Recommendation BT.1368, based on a 90-percentile (by location) value of 54 dB(µV/m).  This minimum TV signal level was initially incremented in 15dB steps to model receiver performance, in the presence of interfering LTE signals, for ‘average’ and ‘good’ TV input signal levels.  In later wireless-connected testing, the TV input signal was incremented in 1dB steps over the 30dB range.

Using a cable-connected test configuration, minimum protection ratio (C/I) values ranging from about 16dB for no guard-band to 8dB for 9MHz guard-band were measured for the case of a 15 MHz LTE carrier – although the poorest receiver device was observed to be unstable when operating close to its threshold sensitivity level.  For the case of a 1.4 MHz LTE carrier, where in-band power spectral density is higher but out-of-band emissions extend over a narrower bandwidth, the minimum protection ratio (C/I) values ranged from 16dB for no guard-band to 0dB for a guard-band of only about 3 MHz.  For larger guard-band offsets, the interfering signal has no impact and TV receiver performance is constrained only by the ‘wanted’ C/N threshold.  Again the poorest receiver device showed signs of instability when operating close to its threshold sensitivity level.


The same testing program was then repeated, using an indoor wireless-coupled scenario (calibrated 0dBi UE antenna into a 5dBi set-top ‘rabbit-ears’ antenna), and over physical antenna separation distances of 0.5m to 1.5m.  In general, it was observed that no picture degradation was discernable in the case of a 15 MHz LTE carrier with 5 MHz guard-band offset and 1m physical separation, provided an ‘average’ (40~50dBµV input) TV signal level was present.  In the case of a 1.4 MHz LTE carrier, it was not possible to cause any TV picture degradation whatsoever, even at 0.5m physical separation, where the guard-band offset was greater than about 3 MHz due to limited UE output power.

Comparisons of the cable-connected results and wireless-connected results also indicated that the indoor propagation loss was greater than conventional the free-space assumption.  While reference is made in ITU-R Recommendation P.1328 to the indoor scattering environment giving rise to increased losses, it offers only a minimum loss estimation method.  The test results above prompted further specific indoor propagation path measurements that indicated an average path loss of 10~20 dB greater than free-space, even for physical separations of around 1m, but with a standard deviation of 5~8 dB.  It was thus concluded that the free-space propagation assumption was not appropriate for indoor interference scenarios.

Finally, the stochastic nature of many of the variables involved in the LTE-DTV interference scenario was noted, including: probability of one or more UEs being close to TV receiver; probability of UE active and transmitting in the 700 MHz band; probability of TV using the uppermost channel; and probability of UE assigned the lower Resource Blocks.  Therefore, a generalized statistical model was outlined to estimate the actual likelihood of interference, resulting in a probability of interference of 0.004% in those areas where the uppermost TV channel is assigned, and effectively zero elsewhere.  This result compares favorably with several other statistical studies undertaken by European administrations.

The overall conclusions of this empirical testing were:


i)  DTV receiver devices are available today that are capable of satisfactory operation in the presence of LTE signals offset by a minimum guard-band of 5 MHz


ii) LTE devices should, as a minimum, comply with current 3GPP specifications to ensure satisfactory DTV reception in an adjacent channel separated by a 5 MHz guard-band.


iii) The lack of recognized DTV receiver minimum performance specifications allows for some receivers in the market to exhibit poor input sensitivity, low selectivity and a susceptibility to interference when the incident DTV signal level is close to the device threshold sensitivity level.  But, the probability of interference may be relatively low.

It was also noted that the minimum 5 MHz lower guard-band, coupled with current 3GPP out-of-band emission limits may be sufficient to satisfactorily protect DTV receivers.


4.4. Results of Probabilistic Studies

This section summarises the conclusions of probabilistic studies that model the interference scenario using probability distributions for wanted and unwanted signal elements, and the propagation channel.


Unlike deterministic studies that typically model worst-case scenarios, probabilistic studies aim at a more practical analysis reflecting the likelihood of interference from LTE UE to DTV Rx in a real field.  Normally, this practical case analysis is derived through a statistical approach that is based on a System-Level Simulation (SLS).  Document AWG-10/INP-30 defines a SLS methodology and parameters for the practical analysis on the interference from the LTE UE to DTV receiver with system level simulation, based on the ATSC technology. 

System parameters for the SLS analysis have referenced the previous investigations by the Correspondence Group (AWF-CG-UHF) that presented its report to AWF-9/10.  However, it is noted that the measurements of LTE UE interference into DTV receivers as described in INP-37 are used in the system level simulation, since detailed DTV receiver performance is not defined in any recognized minimum performance standards.  The minimum sensitivity level of ATSC receivers in the presence of LTE UE interference, using commercial LTE UE and ATSC products, was measured.  The measurement was performed under condition that LTE UE signal level is referenced to the ATSC receiver input. 


Over the geographic grid of DTV receivers, the LTE system configuration is based on an Urban macro-cell scenario as defined in ITU-R Report M.2135.  A Monte Carlo methodology is used to derive the outage probability of a DTV receiver, and plotted against the proportion of DTV receivers experiencing a DTV signal level no higher than the minimum sensitivity level, and due to LTE UE interference.  The study also presents some preliminary results from the defined SLS methodology, altho0ugh further analysis is proposed to be undertaken in time for the next AWG-11 meeting.


5. Technical Considerations for Channel Planning

This section outlines the technical considerations associated with channel planning , and the implicationsfor administrations, operators and end-users.

The uplink/downlink block size of the 698-806 MHz FDD band plan has already been determined as 45 MHz.  The associated uplink/downlink duplexing filter could therefore be implemented in the form of a single or dual duplexer. The current state-of-the-art allows for a maximum duplexer size of around 3-4% of the center frequency of the band. This results in a duplexer bandwidth in the order of 30 MHz. Therefore two overlapping duplexers are currently expected to be required.  However, It should be noted that a dual-duplexer implementation is just one option (although the most likely one in the near future) and that other filter implementations, which fulfill the minimum performance requirements defined by the relevant 3GPP specifications and facilitate seamless roaming in different countries, could be possible.


In order to facilitate seamless roaming, it is also appropriate to assign a single 3GPP ‘band number’ for the entire band. The two filters will necessarily overlap since only one filter can be used at a time, and entire operational channel must be accommodated within this filter.  An optimum design would implement the same bandwidth (BW) for both duplexers and, therefore, the largest BW is needed in the case when the widest possible LTE channel is positioned in the middle of the band.


The channel bandwidths are not yet defined for this band but it is likely that the widest (20 MHz) LTE channel option will be allowed. Current 3GPP specification 36.101 mandates a 100 kHz channel raster, which would enable a 20 MHz channel to be positioned practically in the middle of the band.  This scenario requires a full 20 MHz overlap of duplexers, and leads to a requirement for 2 x 32.5 MHz duplexer pass bands. 
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Figure 1   20 MHz channel in the middle of the band


The case of a 20 MHz channel positioned in the centre of the 45 MHz block leaves 12.5 MHz spectrum on either side, which is not fully consistent with LTE channel bandwidths. For efficient spectrum usage, a 5 MHz raster is very likely to be implemented in practice.  Thus, on the basis of a 5 MHz raster, the 20 MHz channel will be positioned 2.5 MHz below the block centre-frequency (case 1 in figure 2) or 2.5 MHz above the block centre-frequency (case 2 in figure 2).  


From figure 2 it can therefore be seen that a 15 MHz overlap is adequate in this case, and a 2 x 30 MHz duplexer arrangement could be implemented.


Given this overlap arrangement, a number of alternative channel plans can be readily adopted by administrations:  Figure 2 below shows how 5, 10, 15 and 20 MHz channels can be adopted.  Further examples showing the different positioning of channels of differing bandwidths are candidate topics for further contributions.
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Figure 2   20 MHz channel positions with 5 MHz raster


Finally, in regard to carrier aggregation (CA) functionality [scheduled to become available from 3GPP Rel.10] it should be noted that carriers can only be aggregated within a single duplex filter window, and cannot be aggregated across both filter windows.  Consideration of this operational CA limitation may be relevant to national planning of contiguous channel allocations and assignments to network operators.

6. Conclusions 

[Text to be developed as this document is further developed.]

Annexes:

Key Reference documents – eg. ITU-R Recs, 3GPP specs, etc

______________
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Figure 1: Harmonised FDD Arrangement of 698-806 MHz band 
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