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1 Introduction
In RAN4 meeting #67, the following agreements for DL CoMP demodulation tests are reached [1]:
· Test 1: Verifying UE performing correct timing offset compensation, channel parameters estimation and rate matching behaviour in CoMP scenario 4 
· Baseline approach: SNR estimation is tested together with Test 1.
· Test 2: Verifying UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS.
· Revise current Test 1 to DPS for 7-1 UE.
And the following issues are FFS:
· For Test 1:
· How to capture different SNR on CRS vs. DM-RS is FFS.

· How to decide test methodology for timing model is FFS.

· For Test 2:
· Power difference between transmission TP and serving TP, modulation and coding rate are FFS.
· FFS whether to assume CRS-IC as reference receiver for frequency error estimation.
· FFS in next meeting whether to revise current Test 2 to DPS for 7-1 UE.
· Open issues:

· FFS to introduce a test based on non colliding CRS
· FFS whether to consider CRS-IC as baseline reference receiver
In this contribution, the remaining issues of DL CoMP demodulation tests for TM10 UE are addressed, including the TBD values in the test framework [2]. The detailed test set up for Test 1 and Test 2 are also provided.
2 Discussion 
2.1 Remaining issues in Test 1
Test 1 is defined to verify UE performing correct timing offset compensation, channel parameters estimation and rate matching behaviour in CoMP scenario 4. In this section, we share our considerations on the remaining issues in Test 1 and try to provide the detailed simulation parameters in the framework.
Power imbalance between CRS and DMRS
According to the agreements in RAN4 meeting #67, SNR estimation is tested together with Test 1 in CoMP Scenario 4. In this case, CRS is always transmitted from serving cell, PDSCH/DMRS are transmitted alternatively from TP1 and TP2 since Test 1 is revised to DPS for 7-1 UE. The purpose of SNR estimation is to make sure UE measure SNR based on DMRS rather than CRS. From our previous evaluation in [3], the 2us timing offset between TP1 and TP2 will result in CRS collides with PDSCH during half of the test time, which is the main reason that leads to performance loss of CRS based SNR estimation behavior. On the other hand, network may apply CoMP schemes to cell edge users to help them obtain better throughput performance, in most scenarios, CoMP UEs should not be supposed to observe a very large power offset between the received signals from different TPs. If the power offset is too large, it might put unnecessary burden on the UE implementation and thus increase UE cost. So the power imbalance between CRS and DMRS could be defined less than 6dB which is enough to discriminate the DMRS-based and CRS-based SNR estimation behaviors.
Rank and MCS
UE is expected to perform timing offset compensation over QCLed CSI-RS if Type B behavior is configured. Theoretically, the maximum range of estimated timing offset is determined by the frequency distance between two RS REs used for timing estimation. A larger subcarrier interval in frequency domain leads to a smaller estimating range. So the maximum timing offset CSI-RS can handle is half of that CRS can handle. The agreed timing offset range is [-0.5, 2] us between PDSCH transmission point and PDCCH transmission point and UE can only use one FFT timing. If UE logs on CRS timing, it may have issues on eliminating the interference introduced by the negative timing offset. If UE always shifts the CRS timing by a fixed offset to deal with negative timing offset, it may be problematic when handling maximum positive timing offset since CSI-RS can only estimate a small range of timing offset. The impact increases for high order modulation type and code rate and large package. Therefore, a moderate code rate 16QAM 1/2 and rank 1 for both TP1 and TP2 PDSCH transmission are proposed for timing compensation test.
Frequency offset in timing compensation test
In realistic network, the timing offset and frequency offset between serving TP and transmission TP may have a combined impact on UE throughput, for timing offset compensation test, we propose to introduce a small frequency offset, e.g., 20Hz.

Timing model
How to introduce the timing offset impact in Test 1 was discussed a lot during the previous meetings. Three candidate timing models are:
· Option 1: 2 fixed test points at 2 musec and -0.5musec.
· Option 2: Define two test points, one is set to the edge of the agreed offset, 2us and the other is randomly generated within a certain range, i.e. [-0.5, 2]us which can discriminate different UE behaviors. 

· Option 3: Timing error is dynamically changed between -0.5musec and 2musec according to a certain pattern. The pattern is transparent to the UE. For each timing changes a certain amount of subframes are dropped, S, to avoid transition issues. The percentage of subframes for which the timing error is 2musec is 75%.
For Option 1, according to the previous evaluation, the performance of behavior A and behavior B UE for negative timing offset case is hard to tell if there is no pre-FFT compensation operation. For 2us timing offset case, UE could use fixed 2us compensation to cheat the test. For Option 3, since timing error is dynamically changed between -0.5musec and 2musec, it may bring the uncertain performance loss due to the switching between the two edge-values, the dropped subframes during the switching may greatly increase the testing time. Therefore, we prefer option 2 as the test methodology of timing offset.
Based on the above discussion, we have the following proposals on detailed simulation parameters in Test 1:

Proposal 1: Adopt the following parameters in Test 1:
· Power imbalance between CRS and DMRS: 6dB.

· PDSCH transmission rank: 1 for both TP1 and TP2.

· PDSCH transmission MCS: 16QAM 1/2 for both TP1 and TP2.

· Frequency offset in timing compensation test: 20Hz.
· Timing model: Define two test points, one is set to the edge of the agreed offset, 2us and the other is randomly generated within a certain range, i.e. [-0.5, 2]us which can discriminate different UE behaviours.
2.2 Remaining issues in Test 2
Test 2 is defined to verify UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS. In this section, we share our considerations on the remaining issues in Test 2 and try to provide the detailed simulation parameters in the framework. 
CRS-IC receiver
As we discussed in [3], CRS-IC receiver is not a mandatory feature in Rel-11 and it has been investigated in FeICIC, so there is no need to take CRS-IC receiver as reference receiver in CoMP demodulation tests.
Power imbalance between colliding CRSs
From the previous simulation results [3], the CRS interference leads to large performance loss if QCLed CRS is used to estimate frequency offset in CRS colliding scenarios, especially in those cases that the power of interfering CRS is higher than the power of QCLed CRS. However, since we do not think it is reasonable to introduce CRS-IC receiver in CoMP demodulation test, no power imbalance between colliding CRSs from transmission TP and serving TP could be considered.
Number of allocated resource
Compared to 3RB resource allocation, the performance gap between the UE implementations with and without frequency compensation will be larger if UE is scheduled to 50RB resource. From test point-of-view, 50RB is the proper allocated resource to discriminate correct and incorrect UE behaviours. On the other hand, QCLed CRS is one candidate signal could be used for frequency estimation for PDSCH. UE should not be restricted to only use it. Allocating 50RB to UE for PDSCH transmission leaves it the freedom of choosing proper RSs and proper frequency compensation algorithms.

Rank and MCS
Normally DL CoMP schemes are designed for cell edge UEs to help improve their throughput, so rank 1 can be considered as data transmission assumptions. eNB can coordinate with neighbor eNBs and schedule PDSCH to a CoMP UE in a dynamic point blanking manner, UE in this case can support a high order modulation type and code rate. Also, the frequency error has larger impact on high MCS than low MCS, which is better to discriminate correct and incorrect UE behaviors, so 64QAM 1/2 is proposed as the transmission MCS in Test 2.
Timing offset in frequency compensation test
Similar to timing compensation test, a small timing offset, e.g., 0.5us could be introduced in frequency compensation test to model the realistic that timing offset and frequency offset have a common impact on UE throughput.

Revise Test 2 to DPS for 7-1 UE
If it is agreed to introduce one additional test with non colliding CRS configuration, current Test 2 could be revised to DPS for 7-1 UE since 7-1 UE may be the typical CoMP UE and the new test can be designed for 7-0 UE.
Based on the above observations, the proposed TBD parameters in Test 2 are the following: 

Proposal 2: Adopt the following parameters in Test 2:

· CRS-IC receiver: No need to take it as baseline receiver.

· Power imbalance between colliding CRSs: 0dB.
· Number of allocated resource: 50RB.
· PDSCH transmission rank: 1 for both TP1 and TP2.

· PDSCH transmission MCS: 64QAM 1/2 for both TP1 and TP2.

· Timing offset in frequency compensation test: 0.5us.

· Revise Test 2 to DPS for 7-1 UE: Yes.
2.3 Open issues
According to the agreed framework [2], one of the features to be test in CoMP demodulation tests is:
UE performs correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling

Test 1 is defined in CoMP scenario 4 and Test 2 is defined in CoMP scenario 3 with colliding CRS, neither of them can test the feature that UE performs correct rate matching around the configured CRS according to PQI signaling. Introducing one test case based on non-colliding CRS configuration in CoMP scenario 3 can verify CRS rate matching. However, as we discussed above, it is better not to introduce CRS-IC in CoMP demodulation tests, so low MCS may be taken into account to reduce the impact of CRS interference. 
Considering the case that the starting symbol of PDSCH from transmission TP is earlier than the end of the PDCCH from serving TP, UE should be able to identify this situation and correctly behave, especially in the case that paging and PDSCH are scheduled in the same subframe but from different TPs. So it is proposed to configure 2 PDCCH symbols for the transmission TP and 3 for the serving TP in this case.
Proposal 3: Introduce one test case based on non-colliding CRS configuration in CoMP scenario 3 with low MCS to verify CRS rate matching.
· Configure 2 PDCCH symbols for the transmission TP and 3 for the serving TP.

3 Conclusion

This contribution further discusses the simulation assumptions of DL CoMP demodulation tests for TM10 UE. Based on the discussion, we propose the following:
Proposal 1: Adopt the following parameters in Test 1:

· Power imbalance between CRS and DMRS: 6dB.

· PDSCH transmission rank: 1 for both TP1 and TP2.

· PDSCH transmission MCS: 16QAM 1/2 for both TP1 and TP2.

· Frequency offset in timing compensation test: 20Hz.

· Timing model: Define two test points, one is set to the edge of the agreed offset, 2us and the other is randomly generated within a certain range, i.e. [-0.5, 2]us which can discriminate different UE behaviours.
Proposal 2: Adopt the following parameters in Test 2:

· CRS-IC receiver: No need to take it as baseline receiver.

· Power imbalance between colliding CRSs: 0dB.
· Number of allocated resource: 50RB.
· PDSCH transmission rank: 1 for both TP1 and TP2.

· PDSCH transmission MCS: 64QAM 1/2 for both TP1 and TP2.

· Timing offset in frequency compensation test: 0.5us.

· Revise Test 2 to DPS for 7-1 UE: Yes.
Proposal 3: Introduce one test case based on non-colliding CRS configuration in CoMP scenario 3 with low MCS to verify CRS rate matching.
· Configure 2 PDCCH symbols for the transmission TP and 3 for the serving TP.
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