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1 Introduction
In last RAN4 meeting, WF [1] has been agreed for CoMP demodulation test:

· Test 1-A: CoMP scenario 4 

· Test 1-B: CoMP scenario 4 with DPS 

· Test 2-A: CoMP scenario 3 with colliding CRS without CRC-IC

· Test 2-C: CoMP scenario 3 with non-colliding CRS with CRS-IC 

· FFS in next meeting :Test 2-B: CoMP scenario 3 with colliding CRS with CRS-IC 
In this paper, simulation has been conducting to address the open issues of each test case and verified the feasibility of agreed test parameters to discriminate different UE behavior.
2 Analysis
2.1 Test 1-A
In order to verify the feasibility of agreed test parameters to discriminate different UE behavior, such UE behavior simulated:

· Ideal: Behavior A without TO,FO, and interference cell

· Behavior B, PDP estimation based on DMRS

· Behavior A, PDP estimation based on DMRS

· Behavior B, PDP estimation based on CRS
Based on the agreed simulation assumption in last RAN4 meeting, different combinations with below parameters were evaluated 
· MCS levels: 16QAM ½ Rank2, 64QAM ½ Rank1

· Timing offset: -0.5us, 2us

· Channel model: EPA(TP1) +EPA(TP2), EPA(TP1)+EVA(TP2),EPA(TP1)+ETU(TP2), ETU(TP2)+EPA(TP1)

Table 2-1 and 2-2 below summary the required SNR points at 70% relative throughput for 16QAM ½ rank2, and 64QAM ½ rank1 transmission separately under different scenarios. The detailed throughput curves were given in the annex 5.1. 
Table 2-1: Required SNR at 70% relative throughput for 16QAM Rank2
	Channel Combination
	Ideal
	2us
	-0.5us

	
	
	Behavior B
	Behavior A
	Wrong PDP
	Behavior B
	Behavior A
	Wrong PDP

	EPA+EPA
	10.1
	10.1
	INF
	NA
	10.7
	11.7
	NA

	EPA+EVA
	11.0
	11.0
	13.0
	11.4
	11.6
	11.6
	12.2

	EPA+ETU
	11.3
	11.5
	12.1
	16.3
	12.0
	12.0
	17.0

	ETU+EPA
	10.1
	10.1
	INF
	10.6
	10.7
	11.7
	11.2

	Note
	INF: out of evaluation SNR range i.e. 24dB 
NA: Not evaluated in our simulation


Table 2-2: Required SNR at 70% relative throughput for 64QAM Rank1
	Channel Combination
	Ideal
	2us
	-0.5us

	
	
	Behavior B
	Behavior A
	Wrong PDP
	Behavior B 
	Behavior A
	Wrong PDP

	EPA+EPA
	8.8
	8.8
	INF
	NA
	9.9
	13.5
	NA

	EPA+EVA
	9.8
	9.8
	12.5
	10.3
	10.6
	10.7
	11.6

	EPA+ETU
	10.0
	10.2
	10.6
	13.1
	10.7
	10.7
	13.7

	ETU+EPA
	8.8
	8.8
	INF
	9.1
	9.9
	13.5
	10.3

	Note
	INF: out of evaluation SNR range i.e. 24dB
NA: Not evaluated in our simulation


Based on simulation results, such observations concluded:

· For channel combination:

· Performance gap between behavior B and behavior A for timing offset compensation is strongly depending on channel model for TP2. With large delay spread channel as ETU and EVA, demodulation performance is robust to timing offset between receiving timing and FFT timing. 

· With 2us timing offset, the performance difference is within 2dB for EVA channel, and within 1dB for ETU channel at the 70% relative throughput point for behavior A and behavior B. 

· For channel combination of EPA + EPA and ETU+EPA, large performance gap can be observed for both 16QAM ½ rank2 and 64QAM ½ rank1 under 2 us timing offset. Under -0.5us timing offset, 4 dB performance difference can be observed for 64QAM ½ rank1 transmission; 1 dB performance difference for 16QAM rank2 transmission.
· For performance requirements at 2 us and -0.5us:
· It’s observed under UE behavior B, performance under with 2 us is slightly better than -0.5us due to ISI (inter-symbol interference) under -0.5us is unavoidable with post-FFT compensation.
· Potentially post-FFT compensation with pre-FFT timing window adaptation can improve performance under negative timing offset.
· Under 64QAM ½ rank1 transmission, 0.5 ~1dB performance difference can be observed under 2us and -0.5us timing offset with QCL behavior B; for 16QAM ½ rank2 about 0.5dB performance difference. 
Based on simulation results, such proposals were given for the open issues of test 1-A:
Proposals1: For open issues of test 1-A:
· Channel model combination: Using EPA+EPA or ETU +EPA, since only EPA for TP2 with limited channel profile spread can discriminate UE behavior for timing tracking.
· MCS levels: Using 64QAM ½ rank1, since large performance gap can be assured to discriminate UE behavior B and behavior A for both 2us and -0.5us.
· Performance requirements for 2us and -0.5us: Setting separate requirements for 2us and -0.5us since still above 0.5dB performance difference at these two test points for behavior B.
· Power imbalance between TPs: preferred 0dB to simplify test implementation since power imbalance between TPs has no effect to discriminate behavior B and behavior A for timing offset compensation under CoMP scenario 4 with only serving cell transmit CRS. 
2.2 Test 1-B
This test case is to jointly verify UE supporting DPS transmission and performing correct timing offset compensation under CoMP scenario 4.

In order to verify the feasibility of agreed test parameters to discriminate different UE behavior, such UE behavior simulated:

· Ideal: Behavior A without TO,FO, and interference cell

· Behavior B

· Behavior A

Such combinations of different parameters verified:

· MCS levels: 16QAM1/2 Rank2, 64QAM ½ Rank1

· Channel model: EPA for TP1, EPA/EVA/ETU for TP2 ; EVA for TP1 and EVA for TP2; and ETU for TP1 and EPA for TP2 

Regarding timing offset model, fixed timing offset with 2us and -0.5us and dynamic timing offset model were proposed in last meeting to further evaluate:
· Dynamic timing offset model A: 
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Besides, dynamic offset model A, a further revised dynamic timing offset model which timing offset range with [1~2] us was also evaluated:
· Dynamic timing offset model B: 
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During simulation,
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 setting as 0.1s-1, 
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 as the random phase variable selected between [0~2
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] to generate random timing offset value within range at start time for test. 
Table 2-3 and 2-4 below summary the required SNR points at 70% relative throughput for 16QAM ½ rank2, and 64QAM ½ rank1 transmission separately under different scenarios. The detailed throughput curves were given in the annex 5.2. 
Based on simulation results, such observations summarized:
· For channel combination:

· Similar as observation test 1-A, channel combination EPA+EPA or ETU +EPA is feasible to discriminate UE behavior for timing offset compensation.

· For timing offset model: 

· For fixed timing offset (2us): large performance gap can be observed to discriminate different UE behavior.
· For fixed timing offset (-0.5us): about 0.5dB performance difference under 16QAM ½ ,  about 2dB performance difference under 64QAM ½ between behavior A and behavior B at the reference SNR point.
· For dynamic TO model A: about 3dB performance difference under 16QAM ½, about 4 dB for 64QAM ½.
· For dynamic TO model B: about 8dB/13dB performance difference between behavior B and behavior A for 16QAM ½ and 64QAM ½ separately.
· Table 2-3: Required SNR at 70% relative throughput for 16QAM Rank2
	Channel Combination
	Ideal
	2us
	-0.5us
	Dynamic Model A
	Dynamic Model B

	
	
	Behavior B
	Behavior A
	Behavior B
	Behavior A
	Behavior B
	Behavior A
	Behavior B
	Behavior A

	EPA+EPA
	10.1
	10.1
	INF
	10.5
	11.2
	10.1
	13.0
	10.1
	18.1

	EVA+EVA
	11.0
	11.0
	12.5
	11.4
	11.4
	11.0
	11.5
	11.0
	11.9

	ETU+EPA
	10.7
	10.7
	INF
	11.0
	11.5
	10.6
	13.2
	10.6
	17.7


· Table 2-4: Required SNR at 70% relative throughput for 64QAM Rank1
	Channel Combination
	Ideal
	2us
	-0.5us
	Dynamic Model A
	Dynamic Model B

	
	
	Behavior B
	Behavior A
	Behavior B
	Behavior A
	Behavior B
	Behavior A
	Behavior B
	Behavior A

	EPA+EPA
	8.8
	8.8
	INF
	9.5
	12.1
	8.9
	13.2
	8.8
	22.5

	EVA+EVA
	9.8
	9.8
	11.8
	10.4
	10.5
	9.9
	10.5
	9.7
	11.1

	ETU+EPA
	9.1
	9.1
	INF
	9.9
	12.0
	9.3
	13.5
	9.2
	22.5


Timing offset model:
All the time offset model is feasible to discriminate UE behavior for timing tracking. Considering, the mobility of UE in real network, timing offset value between TPs should be dynamic changed. We prefer using dynamic timing offset model to verify UE has the ability to track the variance of timing offset in time domain which more close the real network deployment scenario. Regarding periodicity setting up for dynamic timing offset model, the relationship between
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 and UE moving speed were calculated in table 2-5 below, current proposed 
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 seems not a practical case in CoMP deployment scenario. On the other hand, more test time and simulation effort will be consumed with extending timing periodicity.

· Table 2-5: relationship between 
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 and UE moving speed
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	0.1s-1
	0.05s-1
	0.025s-1

	TO Model A
	270km/h
	135km/h
	67.5km/h

	TO model B
	108km/h
	54km/h
	27km/h


Based on such observations and analysis, proposal for test 2-B setting up given below:
Proposals2: For open issues of test 1-B:
· Channel model combination: Using EPA+EPA or ETU +EPA, since only EPA for TP2 with limited channel profile spread can discriminate UE behavior

· MCS levels: Using 64QAM ½ rank1 transmion since larger performance gap between behavior A and behavior B compared to 16QAM ½ rank2 transmission
· Timing offset model: Prefer using dynamic timing offset model to verify UE has the ability to track variance of timing offset between TPs i.e. Model A with
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or Model B with 
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comprehensive considering real net-work deployment scenario and test feasibility.
2.3 Test 2-A

This test case is to verify UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with CRS colliding case. 
In order to verify the feasibility of agreed test parameters to discriminate different UE behavior, such UE behavior simulated:

· Ideal: Behavior A without TO,FO, and interference cell

· Behavior B without CRS_IC
· Behavior A without CRS_IC
Such combinations of different MCS levels and rank for PDSCH transmission evaluated:

· 16QAM ½ with Rank2 transmission  

· 64QAM ½ with Rank1 transmission

· 64QAM ½ with Rank2 transmission
Table 2-6 below summary the required SNR points at 70% relative throughput for different cases. Based on the simulation results, observations were given below:

· All combinations of MCS levels and rank can assure large performance gap between UE behavior A and UE behavior B since performance without frequency offset compensation is drastic degradation.
· For CRS colliding case, demodulation performance is robust with CRS interference since frequency tracking based CRS is insensitive to interference. Compared to ideal case, performance for behavior B is degraded within 0.6dB at the reference SNR point.

· Considering, feasible reference SNR point and real network deployment, 64QAM ½ with rank2 transmission were not preferred since the reference SNR point for this case is above 17dB for ideal simulation.
· Table 2-6: Required SNR at 70% relative throughput 
	MCS level
	SIR = -4dB EPA+EVA

	
	Behavior B
	Behavior A
	Ideal

	16QAM 1/2 Rank2
	11.2
	INF
	10.9

	64QAM 1/2 Rank1
	10.2
	INF
	9.7

	64QAM 1/2 Rank2
	17.4
	INF
	16.8

	Note
	INF: out of evaluation SNR range i.e. 24dB 


Proposals3: For open issues of test 2-A:
· MCS level: Considering, feasible reference SNR point and real network deployment, 16QAM rank2 and 64QAM rank1 can be used. 16QAM ½ rank2 preferred considering using separate MCS level with Test 1.
2.4 Test 2-C

In order to verify the feasibility of agreed test parameters to discriminate different UE behavior, such UE behavior simulated:

· Ideal: Behavior A without TO,FO, and interference cell

· Behavior B with CRS_IC
· Behavior A with CRS_IC
· Behavior B without CRS_IC

Based on the agreed framework in last meeting, test configurations were summarized below:

· MCS levels: 16QAM ½ rank1, 64QAM ½ rank1, 16QAM ½ rank2, 64QAM ½ rank2
· Channel model: EPA+EVA

· Power imbalance: 4dB,8dB
Table below summary the required SNR points at 70% relative throughput for different scenarios. Based on simulation results, we observed that:
· Frequency offset compensation: under all MCS levels and power imbalance combination, large performance gap can be assured to verify UE correctly implementing frequency offset compensation.

· CRS_IC capability: With no colliding CRS, CRS_IC has great effect for demodulation performance. It can be easily discriminate UE with CRS_IC capability and without CRS_IC capability.
Proposals for 2-C was given below:
Proposals4: For open issues of test 2-C:
· Power imbalance between TPs: both 4dB and 8dB are feasible. Preferred 8dB, considering the extreme case in real network deployment.

· MCS levels: All MCS levels are feasible to discriminate different UE behavior except 64QAM rank2 which has very high required SNR point near 20dB for ideal simulation.16QAM rank2 can be adopted considering using consistent MCS levels with test 2-A.
· Table 2-X: Required SNR at 70% relative throughput
	MCS levels
	Ideal
	SIR = -4dB
	SIR = -8dB

	
	
	Behavior B
	Behavior A
	W/O IC
	Wrong PDP
	Behavior B 
	Behavior A
	W/O IC
	Wrong PDP

	16QAM Rank1
	4.6
	5.0
	INF
	INF
	5.1
	5.1
	INF
	INF
	5.3

	64QAM Rank1
	9.6
	10.7
	INF
	INF
	11.3
	10.9
	INF
	INF
	11.6

	16QAM Rank2
	10.9
	11.6
	INF
	INF
	12.3
	12.3
	INF
	INF
	13.1

	64QAM Rank2
	16.8
	19.1
	INF
	INF
	NA
	22.5
	INF
	INF
	NA

	Note
	INF: out of evaluation SNR range i.e. 24dB

NA: Not evaluated


2.4 Test 2-B

During last meeting, its FFS whether introduce CRS colliding test case which assuming CRS_IC as the baseline receiver. Based on the simulation results for test 2-A, limited performance loss under behavior B without CRS_IC were observed compared to ideal case under 4dB power imbalance.

In order to further evaluate the effect of colliding CRS interference effect on frequency tracking, extending power imbalance to 8dB considering the corner case in network deployment were evaluated. Such UE behaviors were simulated to research how to discriminate different UE behavior:

· Ideal: Behavior A without TO,FO, and interference cell

· Behavior B with CRS_IC
· Behavior A with CRS_IC
· Behavior B without CRS_IC

Table 2-3 below summary the required SNR points at 70% relative throughput for 16QAM ½ with rank2 transmission, 64QAM ½ with rank1 transmission and 64QAM ½ with rank2 transmission cases.

Table 2-3: Required SNR at 70% relative throughput
	MCS levels
	Ideal
	SIR = -8dB,EPA+EVA

	
	
	Behavior B
	Behavior A
	W/O IC

	64QAM Rank1
	9.6
	9.8
	INF
	11.6

	16QAM Rank2
	10.9
	11.0
	INF
	11.6

	64QAM Rank2
	16.8
	17.0
	INF
	19.5

	Note
	INF: out of evaluation SNR range i.e. 24dB


With 8dB power imbalance, at 70% relative throughput point, SNR difference between w/o IC and with IC for behavior B was observed below:

· For 64QAM rank1 transmission, 1.8dB performance gap

· For 16QAM rank2 transmission, 0.6dB performance difference

· For 64QAM Rank2 transmission, 2.5dB performance difference

Based on such observations, we propose: 

· Proposal5: Setting power imbalance as 8dB and 64QAM ½ with rank1 transmission if test 2-B introduced for TM10 demodulation.
3 Conclusion
In this contribution, it is further analyzed how to set proper parameters to verify QCL characteristics in CoMP demodulation test cases design. Based on the simulation results and analysis, such proposals given for open issues of test cases:
Proposals1: For open issues of test 1-A:
· Channel model combination: Using EPA+EPA or ETU +EPA, since only EPA for TP2 with limited channel profile spread can discriminate UE behavior for timing tracking.
· MCS levels: Using 64QAM ½ rank1, since large performance gap can be assured to discriminate UE behavior B and behavior A for both 2us and -0.5us.
· Performance requirements for 2us and -0.5us: Setting separate requirements for 2us and -0.5us since still above 0.5dB performance difference at these two test points for behavior B.
· Power imbalance between TPs: preferred 0dB to simplify test implementation since power imbalance between TP has no effect to discriminate behavior B and behavior A for timing offset compensation under CoMP scenario 4 with only serving cell transmit CRS. 
Proposals2: For open issues of test 1-B:
· Channel model combination: Using EPA+EPA or ETU +EPA, since only EPA for TP2 with limited channel profile spread can discriminate UE behavior

· MCS levels: Using 64QAM ½ rank1transmion since larger performance gap between behavior A and behavior B compared to 16QAM ½ rank2 transmission
· Timing offset model: Prefer using dynamic timing offset model to verify UE has the ability to track variance of timing offset between TPs i.e. Model A with
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comprehensive considering real net-work deployment scenario and test feasibility.
Proposals3: For open issues of test 2-A:
· MCS level: Considering, feasible reference SNR point and real network deployment, 16QAM rank2 and 64QAM rank1 can be used. 16QAM ½ rank2 preferred considering using separate MCS level with Test 1.
Proposals4: For open issues of test 2-C:
· Power imbalance between TPs: both 4dB and 8dB are feasible. Preferred 8dB, considering the extreme case in real network deployment.

· MCS levels: All MCS levels are feasible to discriminate different UE behavior except 64QAM rank2 which has very high required SNR point near 20dB for ideal simulation.16QAM rank2 can be adopted considering using consistent MCS levels with test 2-A.
Proposal5: Setting power imbalance as 8dB and 64QAM ½ with rank1 transmission if test 2-B introduced for TM10 demodulation.
4 Reference
[1] R4-134339, “Draft Way Forward on CoMP Demodulation performance”, Samsung, Ericsson, Huawei, Qualcomm, Renesas, LG, Mediatek 
5 Appendix

5.1 Simulation results for test 1-A
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Figure 1:16QAM 1/2,Rank2, EPA+ETU
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Figure 2:64QAM 1/2, Rank1, EPA+ETU
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Figure 3:16QAM 1/2,Rank2, EPA+EVA
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Figure 4:64QAM 1/2, Rank1, EPA+EVA
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Figure 5:16QAM 1/2,Rank2, EPA+EPA
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Figure 6:64QAM 1/2, Rank1, EPA+EPA
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Figure 7:16QAM 1/2,Rank2, ETU+EPA
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Figure 8:64QAM 1/2, Rank1, ETU+EPA


5.2 Simulation results for Test1-B
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Figure 1:16QAM 1/2,Rank2, EPA+EPA
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Figure 2:64QAM 1/2, Rank1, EPA+EPA
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Figure 3:16QAM 1/2,Rank2, EVA+EVA
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Figure 4:64QAM 1/2, Rank1, EVA+EVA
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Figure 5:16QAM 1/2,Rank2, ETU+EPA
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Figure 6:64QAM 1/2, Rank1, ETU+EPA


5.3 Simulation results for Test 2-A
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Figure 1:16QAM 1/2,Rank2
	[image: image29.png]18000000

16000000

14000000

12000000

1800000
=
=)
=
£000000
=

=
6000000

4000000

2000000

6.0

8.0

10.0

12,0
SNR[dB]

14.0

16.0

180 200 220 240





Figure 2:64QAM 1/2, Rank1
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Figure 3:64QAM 1/2, Rank2
	


5.4 Simulation results for Test 2-C
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Figure 1:16QAM 1/2,Rank1
	[image: image32.png]18000000

16000000

14000000

12000000

1800000
=
=)
=
£000000
=

=
6000000

4000000

2000000

0.0

20

4.0

6.0

8.0

10.0

12,0
SNR[dB]

14.0

16.0

180 200 220 240





Figure 2:64QAM 1/2, Rank1

	[image: image33.png]25000000

20000000

15000000

80 100 120 140 160 180 200 220 240 26.0
SNR[dB]





Figure 3:16QAM 1/2, Rank2
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Figure 4:64QAM 1/2, Rank2


5.5 Simulation results for Test 2-B
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Figure 1:16QAM 1/2,Rank2
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Figure 2:64QAM 1/2, Rank1
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Figure 3:64QAM 1/2, Rank2
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