3GPP TSG-RAN WG4 #76bis
R4-155537
Sophia Antipolis, France, 12th – 16th October 2015
Agenda item:
7.5.1
Source: 
Qualcomm Incorporated
Title: 
Further discussion on CRS-IM requirements for non-TM10 TMs
Document for:
Discussion
1. Introduction
In RAN4 #76, RAN4 had further discussion for CRS-IM for non-TM10 TMs and WF in [1] was agreed. For non-TM10 TMs, remaining issues are

· UE capability signaling

· Option 1: Not define new UE capability signaling and reuse the R.11 crs-InterfHandle signaling to imply the R.13 CRS-IM capability
· Option 2: Define new UE capability signaling including information on the number of supported CCs for R.13 CRS-IM UE.
· Option 3: Define new UE capability signaling indicating CRS-IM support on at least one serving cell
· whether to introduce robustness test

· Number of IC cells

· TM down selection for gain test

· Serving cell MCS selection

Also, RAN4 agreed on the details simulation assumption to achieve simulation alignment. In this contribution, we provide our view on identified open issues and simulation results based on agreed test configuration.  
2. Discussion
2.1. Capability signaling
In [1], it was agreed that performance requirements for CRS-IM UE are applicable to all subframes in all serving cells when CRS assistance information is provided. CRS-AssistanceInfo-r11 defined in Rel-11 for FeICIC UE will be extended to Scells to provide CRS assistance information to all serving cells.  In order to trigger RRC signaling of CRS assistanance information, UE need to indicate CRS-IM capability. A few options were identified for capability signaling design. 
First option is to not to define new UE capability signaling and reuse the R.11 crs-InterfHandle signaling to imply the R.13 CRS-IM capability. This option is based on the assumption that Rel-13 CRS-IM should be specified as mandatory feature similar to Rel-11 FeICIC feature, which we think is not desirable. CRS-IM operation without ABS configuration requires completely different UE behavior and performance requirements. In CRS-IM feature, UE should implement robust channel and noise estimation to be able to handle both clean and non-clean subframe which is not known in advance. Also, UE needs to guarantee good demodulation performance in both clean and non-clean subframe. Considering that performance requirements for all advanced receivers are defined as optional feature, it would be desirable to introduce CRS-IM requirement as optional advanced receiver feature in Rel-13 and independent of Rel-11 FeICIC feature. 
Second and third option are similar in that new capability signaling is defined for CRS-IM UE but different in capability signaling granularity. Option 2 is to request UE to provide detailed CRS-IM capability in terms of number of CC and potentially aggregated system bandwidth. On the other hand, option 3 is to allow UE to indicate CRS-IM support on at least one serving cell without providing details. If option 2 is agreed, signaling structure would be similar to NAICS capability signaling. In our view, option 3 is better solution in terms UE implementation flexibility, signaling overhead and expected CRS-IM gain. 
In option 2, UE needs to provide number of CCs and corresponding aggregated system bandwidth to support CRS-IM operation. Based on this information, eNB has to decide serving cells to provide CRS assistance information. eNB should implement an algorithm to select CCs to provide CRS assistance information. Furthermore, assistance signaling should be updated whenever SCell is activated and/or deactivated. On the other hand, in option 3, eNB needs to provide CRS assistance information for Pcell and all configure Scells when Scell is configured. In option 2, there could be a case wherein UE cannot perform CRS-IM due to lack of CRS assistance information for serving cell with largest expected CRS-IM gain. However, in option 3, UE can dynamically allocate CRS-IM capability among serving cells to maximize CRS-IM gain. In summary, option 3 is better than option 2 in that
· UE capability signaling is simpler

· eNB does not need to implement an algorithm to select subset of serving cells to provide CRS assistance information. 

· eNB does not need to update CRS assistance information when Scells are activated and/or deactivated. 

· UE can dynamically allocate CRS-IM capability to maximize CRS-IM gain 

Proposal 1. Define new 1 bit capability signaling indicating CRS-IM support on at least one serving cell. eNB should provide CRS assistance information on all configured serving cells.
2.2.  Robustness test

Need for robustness test for CRS-IM receiver was one of most contentious issue in last RAN4 meetings but still conclusion was not made. As we pointed out in [2], most of robustness concern can be addressed by existing FeICIC TM3 test and thus RAN4 does not need to duplicate similar test in this WI. 
One concern form some infra vendors was that CRS-IM performance in non-ABS SF was not verified in FeICIC TM3 test. In our view, this concern can be partly address through CRS-IM gain test. In agreed CRS-IM gain test, second interference cell is substantially weaker than first interference cell and serving cell. For non-colliding CRS configuration, CRS of second interference cell will be hit by data tone of serving cell and first interference cell and thus will have very low CINR like -8~-9dB. UE needs to either ignore second interference cell or maintain good CRS channel estimation to avoid performance degradation. In this way, robustness of CRS-IM operation can be verified in gain test. 
Observation 1. Robustness of CRS-IM operation can be verified in gain test due to existence of weaker interference cell in non-colliding CRS configuration. 

Proposal 2. Don’t introduce robustness test in Rel-13 CRS-IM WI. 

2.3. Mitigation of weaker interference cell

Under agreed interference condition, i.e., [INR1, INR2] = [10.45, 4.6], it could be challenging for UE to detect weaker interference cell. If we assume serving cell SNR is 8.92dB, which corresponds to serving cell power for 20% RU and 50%-tile INR1, Es/Iot for weaker interference cell can be calculated as
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Under such low CINR condition, UE cannot reliably detect weaker interference cell without searcher interference cancellation. In FeICIC, use of searcher IC was mandated for CRE (cell range expansion) UE associated with pico cell with 6dB handover bias. However, it is not desirable to mandate such UE operation in homogeneous network. 
Proposal 3. Determine performance requirement with only one cell interference mitigation. 
2.4. TM and Serving cell MCS selection
After RAN4 #76 meeting, e-mail discussion took place to finalize simulation assumption for CRS-IM gain test including precoding option and FRC details. Figure 1 shows simulation results based on revised simulation assumption. 

First, we need to point out that we need to specify both TM2 and TM4 test to verify CRS-IM gain for CRS TMs. Tracking and cancellation of CRS from neighbor cell is a common operation that is not dependent of serving cell TM. Thus, verification of CS-IM performance in one TM would guarantee similar performance gain in other CRS TM. Among TM2 and TM4, we slightly prefer TM2 is more likely to be used for UEs on cell edge. On the other hand, CRS-IM operation for TM9 would require higher implementation complexity than CRS TMs since PDSCH demodulation for serving cell is based on DM-RS. Thus, it would be beneficial to verify CRS-IM performance on DM-RS TM. 
Proposal 3. Introduce TM2 and TM9 gain test. 

For serving cell SNR selection, we need to consider both interference cell detection and PDCCH demodulation performance. If serving cell power is too high relative to interference cell power, it would be challenging to detect interference cell. On the other hand, if serving cell power is too low relative to interference cell power, control channel demodualtion can be bottleneck. Therefore, we propose to select MCS so that serving cell SNR is within +/-3 dB of INR1, i.e., 8.45~13.45dB. Considering that impairment margin is added later, we would like to propose following for MCS selection. 
Proposal 4. Define TM2 test with MCS 16 and TM9 test with MCS14.
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(a) TM2
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(b) TM4
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(c) TM9

Figure 1. PDSCH demodulation performance of CRS-IM receiver

3. Conclusions

In this contribution, we provided our view on remaining issues on test framework and simulation results to determine MCS for non-TM10 tests.  Our observations and proposals are
Observation 1. Robustness of CRS-IM operation can be verified in gain test due to existence of weaker interference cell in non-colliding CRS configuration. 

Proposal 1. Define new 1 bit capability signaling indicating CRS-IM support on at least one serving cell. eNB should provide CRS assistance information on all configured serving cells.

Proposal 2. Don’t introduce robustness test in Rel-13 CRS-IM WI. 

Proposal 3. Determine performance requirement with only one cell interference mitigation. 

Proposal 4. Define TM2 test with MCS 16 and TM9 test with MCS14.
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