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1 Introduction
In last RAN4 meeting, it has been agreed to test the following features in the context of PDSCH demodulation tests based on the agreed way forward in [1]:
· QCL characteristics

1. UE performs correct timing offset compensation according to PQI signaling 

2. UE performs correct frequency offset compensation according to PQI signaling

3. UE performs correct SNR estimation based on DM-RSs rather than CRSs 

4. UE performs correct channel parameters estimation (e.g. delay spread, PDP ) according to PQI signaling

5. UE performs correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling

· Features

1. UE supports the dynamic point change for PDSCH transmission

· FFS for feature 7-1 UE only or for 7-0 and 7-1

2. FFS to test TM10 JT from multiple transmission point.
According to WF, there are several open issues to be addressed for demodulation test. 
Firstly in companion paper [2], the tradeoff of between test effort and test coverage was presented and three tests cases are proposed to cover above features, i.e., 

· Test case 1: Verifying performing correct timing offset compensation, SNR estimation and channel parameters estimation under CoMP scenario 4 for both 7-0 and 7-1 UE.
· Test case 2: Verifying both UE performing correct frequency offset compensation under CoMP scenario 3 for both 7-0 and 7-1 UE.
· Test case 3: Verifying UE supporting dynamic point change for PDSCH transmission according to PQI for 7-1 UE only.
In this paper, it is further analyzed how to set proper parameters to verify QCL characteristics in CoMP demodulation test cases design:
· Typical CRS interference levels in CoMP scenario 3

· Timing offset model to verify UE performs correct timing offset compensation;
· Proper SNR levels between CRS and DMRS to verify UE performs correct SNR estimation based on DM-RSs rather than CRSs.
2 Analysis
2.1 CRS interference levels

Under CoMP scenario3, CRS interference is not avoidable since these TPs are configured with different cell IDs. The effect of CRS interference strongly depends on the interference level. Firstly, in order to capture the reasonable CRS interference levels, the distribution of the power difference of strongest 2 TPs in CoMP scenario2/3 are evaluated in SLS simulation as shown in Figure 1 below. Based on the simulation results, we observe that:

· In worst case, i.e. CoMP threshold is set to 9.0 dB, the 50%-tile of power difference is around 4.0dB for both CoMP scenario 2 and 3, which confirmed the observation in [3].

· In typical case, i.e. CoMP threshold is set to 6.0dB, the 50%-tile, 90%-tile of power difference is around 3.3dB and 5.2dB.
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Figure 1 SLS evaluation result for CRS interference level in CoMP scenario 2 and 3

Secondly, the CRS interference effect on PDSCH performance was evaluated under 16QAM 1/2 with fixed 200Hz frequency offset between 2TPs. These two cases were considered 

· Case1: CRS colliding with CRS (The receiving power difference between TP2 (PDSCH transmission TP) and TP1 (serving cell) is fixed as SIR(TP2/TP1) = 0,-4,-6,-8,-10)
· Case2: CRS colliding with PDSCH data REs (The receiving power difference between TP2 (PDSCH transmission TP) and TP1 (serving cell) is fixed as SIR(TP2/TP1) = 4,2,0,-2,-4)
The performance without CRS interference under behavior A and behavior B with 200Hz frequency offset were also evaluated as the baseline. The detailed throughput curves were given in the annex. Table 2-1 below summarized the required SNR points at 70% relative throughput in different cases. 
Table 2-1 Required SNR @70% relative throughput with different cases

	MCS
	CRS colliding with CRS
	CRS colliding with PDSCH
	Behavior B W/O Int
	Behavior A W/O Int

	
	0dB
	-4 dB
	-6dB
	-8 dB
	-10 dB
	4 dB
	2dB
	0 dB
	-2dB
	-4 dB
	
	

	16QAM
	4.67
	4.68
	4.72
	5.10
	5.35
	4.71
	4.89
	5.18
	6.59
	8.95
	4.61
	Inf


It’s observed that:
· In CRS colliding with CRS case, frequency tracking based on CRS is robust when SIR(TP2/TP1) is larger than -6dB, i.e. the performance loss under behavior B with under 200Hz frequency offset is negligible (up to 0.1dB) compared to no CRS interference case.
· In CRS colliding with PDSCH case, the CRS interference degraded PDSCH performance. For 16QAM 1/2, even when SIR(TP2/TP1) = 0.0dB, the performance loss is around 0.5dB.

Based on the system level and link level evaluation results, it is proposed to use CRS colliding case with SIR = -4 dB under CoMP scenario 3. 
Proposal 1: Consider CRS colliding case with SIR (TP2/TP1) = -4 dB under CoMP scenario 3, to verify UE  frequency offset compensation behavior.
2.2 Timing offset model
In last RAN4 meeting, the timing offset range [-0.5, 2]us at PDSCH transmission point w.r.t the serving cell is agreed as assumption for defining the performance requirement for TM10 UE behavior B in agreed way forward [4]. 
For -0.5us timing offset, behavior A may have not enough performance gap compared behavior B. However from test purpose point of view, proper timing offset should be able to ensure large performance gap between behavior A and behavior B to verify UE correct implementation based on behavior B. And timing offset model also should be able to ensure UE performance in both positive and negative values in real network. Furthermore, the possibility of negative timing offset real network is lower than positive timing offset. Considering such factors, several dynamic timing offset models are proposed below:
· TO model A: Timing offset value change according to time with two fixed values {-0.5 us, 2us}.During test time, 70% of time is 2us, and 30% time is -0.5us. As shown in Eq. (1), within first 7s, timing offset is fixed as 2us and in the subsequent 3s, timing offset is fixed as -0.5us. 
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· TO model B: In this TO model, timing offset is dynamically changed based on the function of cosine within the range of [-0.5 2] us. The periodicity of the model is 5s.
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· TO model C: In model A, the time offset value is artificially changed from 2us to -0.5 without any transition time period. It is impossible for UE to capture this artificial TO change and performance loss is un-avoidable even with proper behavior B implementation under the transition points. To avoid this performance loss, a transition period could be inserted between 2us and -0.5us, e.g. as shown in Eq. (3). In one cycle of 10s, timing offset with 2us will last 6s, the transition time from 2us to -0.5us and from -0.5us to 2us will last 1s separately and -0.5us occupy 2s. 
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In all these proposed dynamic timing offset models, TO values cover [-0.5 2] us range with unsymmetrical possibility of negative timing offset and positive timing offset.
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Figure2: Timing offset model
Based on the proposed TO model models, UE demodulation performance with behaviour A and behaviour B are evaluated. For all cases, 16QAM1/2 and 64QAM 3/4 under EVA5Hz channel was evaluated. More detailed simulation assumptions are given in Annex.
(1) Case 1: Fixed 2us;
(2) Case 2: Fixed -0.5us;
(3) Case 3: TO model A;
(4) Case 4: TO mode B; 

(5) Case 5: TO mode C;
Table 2-2 below summarized the required SNR points at 70% relative throughput with different TO models. Based on the simulation results, it is observed that:
· For fixed 2us and -0.5us TO, large performance gap can be observed between Behavior B and Behavior A under 64QAM. For 2us timing offset, behavior A has a error floor. For -0.5us timing error, the performance gap is around 0.8dB under 16QAM.

· With dynamic TO model (A, B, C), large performance gap can be observed between Behavior B and A.  The minimum gap is 3dB around in 16QAM with TO model B case. 

· Compared behavior B performance with ideal case, the performance loss under 16QAM is less than 0.5dB. For 64QAM is less than 1dB for dynamic TO model. 

Table 2-2: Required SNR @70% relative throughput with different TO models

	TO values
	64QAM
	16QAM

	
	Behavior A
	Behavior B
	Ideal
	Behavior A
	Behavior B
	Ideal

	Fixed 2us
	INF
	12.6
	12.2
	INF
	4.7
	4.2

	Fixed -0.5 us
	INF
	14.9
	12.2
	5.19
	4.7
	4.2

	TO Model A
	INF
	13.1
	12.2
	INF
	4.8
	4.2

	TO Model B
	INF
	13.1
	12.2
	7.58
	4.8
	4.2

	TO Model C
	INF
	13.2
	12.2
	INF
	4.7
	4.2


From above simulation results, all the TO model can differentiate the behavior A and behavior B. Considering  model B is more closed to the timing offset distribution in real network due to UE mobility between TPs, it’s proposed: 
Proposal 2: Introducing dynamic TO model B, i.e. based on cosine function, in test case design to verify UE performing correct timing offset compensation.
2.3 SNR offset between DMRS and CRS
The feature SNR estimated based on DMRS rather than CRS can be verified by applying different SNR levels between DMRS and CRS. The SNR offset levels could be decided based on the observed performance gap between UE behavior A and behavior B. 
The performance impact of SNR offset is investigated under two simulation methodologies:
· Option 1: Fixed receiving power difference between DMRS and CRS as 
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· Option 2: Fixed SNR levels for CRS as 
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Table 2-3 below summarized the required SNR points at 70% relative throughput with different UE behavior. From the simulation results, it is observed that:

· PDSCH demodulation performance is robust to SNR estimation mismatch. In order to distinguish UE Behavior A and UE Behavior B, large SNR offset need to be introduced between CRS and DMRS.

· For option 1, i.e. fixed SIR offset: even with 10dB power imbalance between CRS and DMRS, the performance gap is smaller than 3dB for 16QAM and 64QAM. 

· For option 2, i.e. fixed CRS power level: behavior A and B could be well differentiated in SNRCRS = -10dB, -5dB, -3dB and 0dB for 64QAM case.
Table 2-3: Required SNR @70% relative throughputs
	MCS
	Behavior A: Option1: Fixed SIR
	Behavior A: Option2: Fixed SNRCRS
	Behavior B

	
	-10 dB
	-4 dB
	4 dB
	10 dB
	-10 dB
	-5 dB
	-3 dB
	0 dB
	3 dB
	

	16QAM
	5.1
	4.3
	4.7
	6.2
	INF
	7.8
	4.9
	NA
	NA
	4.2

	64QAM
	12.9
	12.7
	13.2
	14.1
	INF
	INF
	INF
	18.8
	14.1
	12.6


So, it can be concluded that behavior A and B could be well differentiated by fixing CRS power SNRCRS = -10dB, -5dB, -3dB and 0dB in 64QAM case. Also considering the reliable PDCCH detection based on serving cell CRS, it is proposed to configure SNR level for CRS as fixed -3dB or 0dB. 
Proposal 3: For verification of UE relying on DM-RS rather than CRS for SNR estimation, the CRS power could be set to SNRCRS = -3dB or 0dB. 
3 Conclusion
In this contribution, it is further analyzed how to set proper parameters to verify QCL characteristics in CoMP demodulation test cases design.
Proposal 1: Consider CRS colliding case with SIR (TP2/TP1) = -4 dB under CoMP scenario 3, to verify UE performing correct frequency offset compensation.
Proposal 2: Introducing dynamic TO model B, i.e. based on cosine function, in test case design to verify UE performing correct timing offset compensation.
Proposal 3: For verification of UE relying on DM-RS rather than CRS for SNR estimation, the CRS power could be set to SNRCRS = -3dB or 0dB. 
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5 Appendix

5.1 Simulation assumptions
Table 5-1: Simulation Assumptions for TO model
	Deployment Scenario
	Scenario 4: 
Only TP1(macro) transmit CRS, TP2 (Pico) only transmit PDSCH

	Fading Channel
	EVA5Hz

	Channel BW
	10MHz 

	Resource allocation
	50RB

	Antenna configuration
	4x2

	MCS
	FRC

(1) 64QAM 3/4

(2) 16QAM 1/2

	Max HARQ transmission number
	4

	Power imbalance between TP1 and TP2
	0dB

	Rank/PMI
	Fixed (1, 1) 

	Timing offset 
	TO model A, TO model B, TO model C; 

Fixed TO: -0.5us, 2us

	Timing offset estimation
	Estimation based on CSI-RS

	Ideal case
	No timing and frequency offset between different RS types
UE tracking on CRS for synchronization.


5.2 Simulation results for CRS interference
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Figure 1:16QAM with CRS collding CRS case
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Figure 2:16QAM with CRS collding PDSCH case
5.3 Simulation results for TO model
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Figure 3:16QAM with fixed timing offset
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Figure 4:64QAM with fixed timing offset
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Figure 5:16QAM with dynamic timing offset models
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Figure 6: 64QAM with dynamic timing offset models
5.4 Simulation results for SNR estimation
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Figure 7:16QAM with with different SNR leves between DMRS and CRS
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Figure 8: 64QAM with different SNR leves between DMRS and CRS






9/10

_1425899364.unknown

_1425905471.unknown

_1425905796.unknown

_1425900168.unknown

_1425898072.unknown

