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1 Introduction
In last RAN4 meeting, it has been agreed to introduce such test cases for CoMP feature:
Test 1: Verifying UE performing correct timing offset compensation, channel parameters estimation and rate matching behavior in CoMP scenario 4 

Test 2: Verifying UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS. 

· Power difference between transmission TP and serving TP is FFS
According to agreed WF[1], there are several open issues to be addressed for demodulation test. 
Firstly in company paper [2], overall test cases and test case design are proposed to cover CoMP feature i.e., 
· Test 1-A: Verifying UE performing correctly timing offset compensation, SNR estimation via DMRS and rate matching behavior.

· Test case 1-B:Verifying UE supporting DPS transmission and performing correctly timing offset compensation, SNR estimation via DMRS behavior according to PQI

· Test case 2-A: verifying UE performing correct frequency offset compensation and rate matching behavior with colliding CRS

· Test case 2-B: verifying UE performing correct frequency offset compensation and rate matching behavior with no-colliding CRS

In this paper, it is further analyzed such open issues to verify QCL characteristics in CoMP demodulation test cases design:
· CRS_IC for CoMP scenario 3;
· SNR test;
· Timing offset model for Test 1;
· Jointly test DPS and QCL characteristics
2 Analysis
2.1 CRS_IC for CoMP scenario3
Under CoMP scenario 3, CRS interference is not avoidable since these TPs are configured with different cell IDs. CRS-IC is one possible solution to resolve the CRS interference issue for CoMP scenrio3. As discussed in [2], we propose to introduce a separate test case assuming CRS_IC as the reference receiver to verify frequency tracking in CoMP scenario 3. And this test case is only applicable for UE which support CRS-IC.
In order to verify the performance gain with CRS-IC and CRS interference effect on PDSCH performance such cases were evaluated under 16QAM ½ , 64QAM ¾ with fixed 200Hz frequency offset between 2TPs. 

· Case1: Serving cell’ CRS colliding with PDSCH data REs (The receiving power difference between TP2 and TP1(serving cell) is fixed as SIR(TP2/TP1) = INF,0, -4,6,-8,-10)

· Case2: Serving cell’ CRS colliding with CRS (The receiving power difference between TP2 and TP1(serving cell) is fixed as SIR(TP2/TP1) = -10dB) 

The performance without CRS interference under behavior A and behavior B with 200Hz frequency offset were also evaluated as the reference. Both receiver types with out CRS_IC and CRS_IC were evaluated.
Detailed throughput curves were given in the annex. Table 2-1 and table 2-2 below summarized the required SNR points at 70% relative throughput in different cases. 
Table 2-1 Required SNR @70% relative throughput with CRS colliding with data cases
	MCS
	CRS colliding with data with IC
	CRS colliding with data w/o IC

	
	INF
	0dB
	-4dB
	-6dB
	-8dB
	-10dB
	INF
	0dB
	-4dB
	-6dB
	-8dB
	-10dB

	16QAM
	4.73
	NA
	4.61
	4.70
	4.74
	5.38
	4.31
	NA
	INF
	INF
	INF
	INF

	64QAM
	14.87
	15.78
	17.27
	20.63
	INF
	INF
	12.05
	INF
	INF
	INF
	INF
	INF


Table 2-2 Required SNR @70% relative throughput with CRS colliding case
	MCS 
	CRS colliding with CRS with IC 
	CRS colliding with CRS w/o IC 
	Behavior B w/o IC 
	Behavior A w/o IC 

	
	-10dB 
	-10dB 
	INF 
	INF 

	16QAM 
	4.49 
	7.79 
	4.31 
	INF 

	64QAM 
	12.22 
	INF 
	12.05 
	INF 


Based on the simulation results, it’s observed that:
· CRS from serving cell (TP1) colliding with PDSCH from TP2:

· Without CRS_IC, the CRS interference will degrade PDSCH performance critically. For 16QAM½, when the receiving power ratio between CRS interference and PDSCH is higher than 0dB, the performance loss is notable. For 64QAM¾, even with 0dB interference, the throughput loss is critical with a upper limit throughput.

· With CRS_IC operation, the performance is improved dramatically. For 16QAM½ compared to the ideal case, with upper 8dB higher interference, performance loss is 0.5dB around. However for 64QAM ¾, the performance loss compared to ideal case is large due to the residual interference even with IC. 
· CRS from serving cell (TP1) colliding with CRS from TP2:

· The performance is more robust to the CRS interference for frequency tracking. For 16QAM, without CRS_IC, frequency tracking can work well within 3dB higher interference.

· With CRS_IC, frequency tracking can work well with upper to 10dB higher interference for both 16QAM and 64 QAM. 
Based on link level evaluation results and the system results in [3] which show that 8dB power balance between TPs is the worst case with 90% percentile, we propose:
Proposal 1: Setting receiving power imbalance between 2TPs as 6/8dB and choosing MCS level as 16QAM1/2 under CoMP scenario 3 to verify UE performs correct frequency offset compensation with CRS_IC for no-colliding case.
2.2 Timing offset model
In last RAN4 meeting, several proposals were discussed regarding how to verify timing offset tracking especially for the timing offset model as summarized below:

· Option 1: Only test large timing offset, i.e., 2us. 

· Option 2: Introduce the dynamic timing offset model. 

· Option 3: Introduce two subtests for 2us in CoMP scenario 4 and -0.5us in CoMP scenario 3 respectively. 

· Option 4: 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

The test case design for timing tracking should consider such principles:
· The timing offset range [-0.5, 2]us and both negative timing offset and positive timing offset should be covered in test cases as agreed in WF[4].
· Ensuring large performance gap between behavior A and behavior B to discriminate different UE behaviors.
· Limiting number of test cases considering test effort and workload.

The above proposals were analyzed in table 2-3 below based on these factors.

Table 2-3 Analysis for the options of timing models  
	Options
	Test efforts
	Performance gap between Behavior A and B
	Test coverage of timing offset values

	Option1: Fixed 2us
	1 test case
	Large enough
	Only considering 2us

	Option2: Dynamic model
	1 test case
	As verified in [3], large enough
	Covering the range of [-0.5~2] us

	Option3: 2 sets with 2us and -0.5us
	2 test cases
	The test case for -0.5us cannot discriminate behavior A and behavior B
	Covering -0.5us and 2us

	Option4: 2 test points with 2us and random points
	2 test points
	Whether discriminate UE behavior depending on the selected value for random point  
	In order to discriminate UE behavior, the value for random points should be large enough, negative timing offset within -0.5us is not achievable.


As analysis above, option2 is most reasonable timing offset model to verify UE performing correct timing offset compensation.

Proposal 2: Introducing dynamic TO model, in test case design to verify UE performing correct timing offset compensation. The detailed function as described below i.e. based on cosine function within the range of [-0.5 2] us, the periodicity of the model is FFS: 
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2.3 SNR test
In last meeting, it’s FFS including SNR test, i.e., UE performs correct SNR estimation based on DM-RS rather than CRS in either Test 1 or Test case 2. Based on our previous analysis in [3], PDSCH demodulation performance is robust to SNR estimation mismatch. In order to distinguish UE implementation, large SNR offset i.e. the offset between SNRDMRS and SNRCRS over than 10dB need to be introduced between CRS and DMRS.
In order to verify whether it is possible to discriminate correct UE behaviour w.r.t SNR estimation together with the other features tested either under test 1 or test 2, such scenarios evaluated:
· Option 1: CoMP scenario 4, CRS only transmit from serving cell (TP1), TP2 transmit PDSCH. Considering the reliable PDCCH detection based on serving cell CRS, the CRS SNR level is fixed as SNRCRS= {-3} dB. A dynamic timing offset model between 2TPs is introduced in this test case as described in section 2.2.
· Option 2: CoMP scenario 3, CRS from serving cell (TP1) colliding with CRS from PDSCH TP (TP2). Considering the CRS interference effect on frequency tracking, the power imbalance between TP1 and TP2 is fixed as SIR = PTP2/PTP1 = {-3} dB. 200Hz frequency offset between 2TPs is introduced in this test case. 
For UE implementation, such types were evaluated in test cases:
· UE Type1: UE implement QCL behavior B, SNR estimation based on DMRS
· UE Type2: UE implement QCL behavior B, SNR estimation based on CRSTP1 from serving cell

· UE Type3: UE implement QCL behavior B, SNR estimation based on CRSTP2 from TP2, only applicable for scenario3 

· UE Type4: UE implement QCL behavior A, SNR estimation based on DMRS
Table 2-4 below summarized the required SNR points at 70% relative throughput with different UE behavior. From the simulation results, it is observed that:

· Under CoMP scenario 4, with fixed SNR as -3dB, large performance gap between correct and improper UE implementation on SNR estimation can be observed for 64QM3/4 case.
· Under CoMP scenario 3 colliding case, with fixed SIR as -3dB, large performance gap between type1 UE  (SNR estimation via DMRS) and type3 UE (SNR estimation via CRS from TP2) with QCL behavior B can be observed for 64QM3/4 case. However, it cannot discriminate type1 UE (SNR estimation via DMRS) and type2 UE (SNR estimation via CRS from serving cell) since the performance gap is only 1.2 dB.
Table 2-4: Required SNR @70% relative throughputs
	MCS
	Option2: Sceanrio3, SIR = -3dB
	Option1: Scenrio4, SNRCRS =-3dB
	Ideal

	
	UE Type1
	UE Type2
	UE Type3
	UE Type4
	UE Type1
	UE Type2
	UE Type4
	

	16QAM
	4.4
	4.6
	5.3
	INF
	4.8
	5.5
	7.8
	4.2

	64QAM
	12.9
	14.1
	INF
	INF
	13.1
	INF
	INF
	12.6


Based on the observations above, for test 2 under CoMP scenario3, the power imbalance between TPs can partly implicitly verify UE implementation on SNR estimation. However, test case 1 under CoMP scenario 4 is more feasible to directly discriminate correctly UE implementation for SNR estimation via DMRS and improper implementation based on CRS. 
Proposal 3: Including SNR test in Test 1 i.e. under CoMP scenario4 and setting SNR level for CRS as fixed -3dB or 0dB with MCS 64QAM3/4.
2.4 DPS test
As proposed in [2], we propose to jointly test DPS transmission and QCL features in CoMP scenario4.  When jointly test DPS and QCL characteristics, once PDSCH transmit from serving cell i.e. TP1, no performance difference between QCL behaviour A and QCL behaviour B.  
In order to verify whether DPS transmission can discriminate QCL behaviour A and QCL behaviour B, performance were evaluated under the dynamic timing offset model between TPs in section 2.2. PDSCH transmission is dynamic switched between TPs with different probability in TP1 or in TP2:

· Option1: PDSCH transmit from TP1 with 50% probability, and 50% transmit from TP2;
· Option2: PDSCH transmit from TP1 with 30% probability, and 70% transmit from TP2;
The performance for behavior A and behavior B were evaluated under a dynamic timing offset model as described in section 2.2 was introduced between 2 TPs.
Detailed throughput curves were given in the annex. Table 2-5 below summarized the required SNR points at 70% relative throughput in different cases. 

Table 2-5 Required SNR @ 70% relative throughputs with CRS colliding with data cases
	MCS
	Behavior B
	Behavior A with 50% in TP1
	Behavior A with 30% in TP1
	Behavior A with 0% in TP1

	16QAM
	4.73
	5.75
	6.61
	7.58

	64QAM
	13.01
	15.35
	18.81
	INF


It’s observed that:

· For 16QAM, the performance gap between behavior A and behavior B with DPS transmission maybe not large enough to distinguish UE behaviors since once PDSCH transmit at serving cell i.e. TP1, no difference between Behavior A and Behavior B.
· For 64QAM, with 50% probability TP1 transmits PDSCH, 2.3dB performance difference observed between Behavior A and Behavior B. For 30% probability TP1 transmits PDSCH, 6dB performance gap is observed. 

Based on link level evaluation results we propose:
Proposal 4: Including DPS test in test 1 i.e. under CoMP scenario4, the probability of occurrence of PDSCH transmission in TP1 or in TP2 can be setted as 30% in TP1 (serving cell) and 70% in TP2.
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: Setting receiving power imbalance between 2TPs as 6/8dB and choosing MCS level as 16QAM1/2 under CoMP scenario 3 to verify UE performs correct frequency offset compensation with CRS_IC for no-colliding case.
Proposal 2: Introducing dynamic TO model, in test case design to verify UE performing correct timing offset compensation. The detailed function as described below i.e. based on cosine function within the range of [-0.5 2] us, the periodicity of the model is FFS: 
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Proposal 3: Including SNR test in Test 1 i.e. under CoMP scenario4 and setting SNR level for CRS as fixed -3dB or 0dB with MCS 64QAM3/4 .
Proposal 4: Including DPS test in test 1 i.e. under CoMP scenario4, the probability of PDSCH transmission in TP1 or in TP2 can be setted as 30% in TP1 (serving cell) and 70% in TP2.
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5 Appendix

5.1 Simulation assumptions
Table 5-1: Simulation Assumptions for CRS_IC
	Deployment Scenario
	Scenario 3: 
Both TP1(macro) and TP2 transmit CRS, TP2 (Pico) only transmit PDSCH

	Fading Channel
	EVA5Hz

	Channel BW
	10MHz 

	Resource allocation
	50RB

	Antenna configuration
	2x2

	MCS
	FRC

(1) 64QAM 3/4

(2) 16QAM 1/2

	Max HARQ transmission number
	4

	Power imbalance between TP1 and TP2
	SIR(TP2/TP1) = INF,0, -4,6,-8,-10 dB

	Rank/PMI
	Fixed (1, 1) 

	Timing offset 
	0

	Frequency offset
	200Hz

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


5.2 Simulation results for CRS_IC
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Figure 1:16QAM 1/2
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Figure 2:64QAM 3/4
5.3 Simulation results for DPS
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Figure 3: 16QAM1/2
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Figure 4: 64QAM3/4
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