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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 
· Baseline approach: SNR estimation is tested together with Test 1. More discussions are needed for the specific test set up
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, modulation and coding rate are FFS

· FFS whether to assume CRS-IC as reference receiver for frequency error estimation
DPS: Revise current test 1 to DPS for 7-1 UE.FFS in next meeting whether to revise current test 2 to DPS for 7-1 UE
FFS to introduce a test based on non colliding CRS and FFS whether to consider CRS-IC as baseline reference receiver”
In this contribution, open issues in last meeting are firstly analyzed.  Based on the analysis, the framework of four PDSCH demodulation test cases was proposed.
2 Analysis of test case coverage
In order to minimize the test effort, it is preferred to jointly verify multiple UE behaviors and minimize the test case number as much as possible. Based on this principle, two test cases have been agreed to verify UE performing correctly timing offset under CoMP scenario 4 and performing correctly frequency offset under CoMP scenario 3. 
However, it’s still FFS how to verifying SNR estimation, DPS feature and how to resolve CRS interference issue in CoMP scenario3.

Firstly, for SNR estimation verification, UE should estimate SNR based on DMRS for both TM9 and TM10 irrespective of QCL behavior A and behavior B from UE implementation point of view. Since a similar issue was discussed to revise current legacy TM9 demodulation test case to verify UE performing correct SNR estimation based on DMRS, it’s redundant to verify the same feature under TM10. 
Observation1: It’s not necessary to explicitly including SNR estimation under TM10 if SNR estimation already verified under TM9 test case.
Secondly, regarding timing offset model, as analyzed in [3], setting two test points with 2us and -0.5us timing offset, i.e., option 1, seems to be most feasible option. Regarding -0.5us test point, high MCS level i.e. 16QAM Rank2 or 64QAM 1/2 should be selected in order to discriminate different UE behaviour. 

Observation2: Set two test points with 2us and -0.5us timing offset for timing offset compensation verification. For -0.5us test point, 16QAM 1/2 with rank2 transmission can be used.
Thirdly, it’s FFS the baseline receiver for CoMP scenario 3 and whether to introduce test case for CRS no-collidng case under CoMP scenario 3. As analyzed in [4], we propose to separate two test cases under CoMP scenario3 for frequency tracking based on UE capability of CRS_IC. With two separate test cases depending on capability of CRS_IC, both system performance and CoMP deployment coverage are guaranteed. 

Observation 3: Introducing two separate test cases for CoMP scenario 3 based on UE capability of CRS_IC
Furthermore, for the dynamic point change feature verification, considering multiple NZP CSI-RS resources (up to 3) is only supported for 7-1 UE but not for 7-0 UE, it is proposed to verify UE supporting dynamic points change for PDSCH transmission based on the configured PQI information for 7-1 UE. Furthermore, DPS test can jointly verify UE correctly performing QCL characteristics and rate matching since PQI information is dynamic switched between sub-frames. In order to simplify the test case design, we prefer to introduce DPS test under CoMP scenario 4 for 7-1 UE. 
Observation 4: For 7-1 UE, DPS test can be included in test case 1 under CoMP scenario4.
Based on the observation above, it is proposed to introduce below test cases to cover all the agreed features for 7-0 and 7-1 UE. 
Proposal PDSCH demodulation test cases:

· Test 1-A: 

· Purpose: Verifying UE performing correct timing offset compensation and rate matching behavior.

· Scenario: CoMP scenario 4. 2 TPs configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell, i.e. transmitting PDCCH. TP2 is the TP transmitting PDSCH. 
· Applicable UE: 7-0 UE only

· Test case 1-B:
· Purpose: Verifying UE supporting DPS transmission and performing correct timing offset compensation, rate matching according to PQI
· Scenario: CoMP scenario 4. 2 TPs configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell, i.e. transmitting PDCCH. Multiple NZP CSI-RS resources and ZP CSI-RS resources configurations are configured. In each sub-frame, DL PDSCH transmission is dynamically switched between 2 TPs with multiple PQI configurations.
· Applicable UE : 7-1 UE only
· Test case 2-A: 

· Purpose: verifying UE performing correct frequency offset compensation and rate matching behavior with colliding CRS
· Scenario: CoMP scenario 3. 2 TPs configured with the different cell IDs. TP1 is the serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS, and QCLed CRS for PDSCH is different from the cell ID of serving cell. No specific CRS interfere handing capability as the baseline receiver
· Applicable UE: both 7-0 and 7-1 UE which does not support CRS_IC

· Test case 2-B: 

· Purpose: verifying UE performing correct frequency offset compensation and rate matching behavior with no-colliding CRS
· Scenario: CoMP scenario 3. 2 TPs configured with the different cell IDs. TP1 is the serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS, and QCLed CRS for PDSCH is different from the cell ID of serving cell. CRS_IC assumed as the reference receiver.
· Applicable UE: both 7-0 and 7-1 UE which support CRS_IC
To summary up, 4 test cases are proposed above, and only 2 test cases are required for each type UE i.e. 7-0 UE, 7-1 UE, UE with/without CRS_IC capability. The proposed test cases cover all the agreed test features and different CoMP scenarios 3/4 with limited test cases. In next section, detailed test parameters are analyzed for each test case.
3 Framework of PDSCH demodulation test cases
3.1 Test case 1-A
This test is to verify UE performing correct timing offset compensation, SNR estimation and rate matching behavior under CoMP scenario 4.

In this case, 2 TPs configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS. 

The main configurations for this test case are summarized below:
· TP configurations: 2 TP configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS

· CRS resources configuration: Only serving cell transmit CRS. receiving power imbalance between 2TPs: 0 dB
· NZP CSI-RS resource configuration: Only one NZP CSI-RS resource for TP2

· Channel bandwidth: 10MHz with full RB allocation
· MIMO configurations & Propagation condition: 2*2 Low, EVA5Hz
· MCS: 16QAM 1/2 Rank2
· Frequency offset between TPs: 0

· Timing offset between TPs: 2 test points, -0.5 us and 2 us
· PDSCH Starting Position: 2 for TP1 and TP2
3.2 Test case 1-B

This test case is to jointly verify UE supporting DPS transmission and performing correct timing offset compensation, SNR estimation via DMRS behavior according to PQI under CoMP scenario 4. 2 TPs configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell, i.e. transmitting PDCCH. Multiple NZP CSI-RS resources and ZP CSI-RS resources configurations are configured. In each sub-frame, DL PDSCH transmission is dynamically switched between 2 TPs with multiple PQI configurations.

Furthermore, 2 NZP CSI resources, 2 ZP CSI-RS configurations, 1 CRS pattern and 2 PDSCH starting positions are configured as showed in Figure 1. 
· 2 NZP CSI resources configured

· TP 1, NZP CSI resource 0: 2 ports, Resource config 0, subframe config 2 (5ms, SB2)

· TP 2, NZP CSI resource 1: 2 ports, Resource config 8, subframe config 2 (5ms, SB2)

· 2 ZP CSI_RS configurations

· TP 1&TP2 ZP CSI_RS config 0: bitmap 0X0400  4REs(5) subframe config  2 (5ms, SB2)

· TP 2&TP2 ZP CSI_RS config 1: bitmap 0X2000  4REs(2) subframe config  2 (5ms, SB2)

· 1 CRS Pattern

· TP 1, Pattern 0 (Cell ID A): 2 ports

· 2 PDSCH Starting Position:

· TP 1, Position 0: 2
· TP 2, Position 1: 2

Based on such configurations, 4 PQI states and related DL transmission hypothesis are summarized accordingly as shown below in Table 1.

In each sub-frame, a combination for PQI state and DL transmission hypothesis is selected from 4 sets. The corresponding DL PDSCH transmission is configured as the DL transmission hypothesis according the selected PQI state.

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 with different probability of PDSCH transmission in TP1 or in TP2. Based on the observation  in [2], under 64QAM3/4, with asymmetric probability of PDSCH transmission in TP1 or in TP2 i.e. 30% in TP1 (serving cell) and 70% in TP2, large performance gap can be guaranteed to distinguish QCL Behavior A and Behavior B.
Table 1: Configurations of parameters of RE mapping and QCL and DL transmission hypothesis for each PQI set

	PQI set index
	Parameters for PDSCH RE Mapping and Quasi-Co-Location in each PQI set
	DL transmission hypothesis for each PQI Set

	
	CRS pattern
	PDSCH starting position
	NZP CSI-RS Index  (For quasi co-location)
	ZP CSI-RS configuration
	TP 1
	TP 2

	PQI set 0 
	CRS pattern 0 
	PDSCH starting position 0 
	NZP CSI-RS Resource  Index 0 
	ZP CSI-RS config 0 
	PDSCH 
	Blanked 

	PQI set 1 
	CRS pattern 0 
	PDSCH starting position 0 
	NZP CSI-RS Resource Index 0 
	ZP CSI-RS config 1
	PDSCH 
	Blanked 

	PQI set 2 
	CRS pattern 0 
	PDSCH starting position 1 
	NZP CSI-RS Resource Index 1 
	ZP CSI-RS config 0 
	Blanked 
	PDSCH 

	PQI set 3 
	CRS pattern 0 
	PDSCH starting position 1 
	NZP CSI-RS Resource Index 1 
	ZP CSI-RS config 1 
	Blanked 
	PDSCH 
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Figure 1: example for resources configuration in RRC
Based on such analysis, the main configurations for this test case are summarized below:
· TP configurations: 2 TPs configured with the same cell ID and only TP1 transmitting CRS. 
· CRS resources configuration: Only serving cell transmit CRS, receiving power imbalance between 2TPs: 0 dB

· .
· PDSCH transmission: PDSCH transmission is dynamic switch between 2TPs e according to PQI state which is random selected from 4 PQI state sets at each sub-frame. The probability of PDSCH transmission in TP1 or in TP2 is asymmetric. During test, 30% transmit at TP1, and 70% transmits at TP2.
· RRC Configuration and PQI State: As summarized in table 1 above
· 2 NZP CSI resources configured

· TP 1, NZP CSI resource 0: 2 ports, Resource config 0, subframe config 2 (5ms, SB2)

· TP 2, NZP CSI resource 1: 2 ports, Resource config 8, subframe config 2 (5ms, SB2)

· 2 ZP CSI_RS configurations

· TP 1&TP2 ZP CSI_RS config 0: bitmap 0X0400  4REs(5) subframe config  2 (5ms, SB2)

· TP 2&TP2 ZP CSI_RS config 1: bitmap 0X2000  4REs(2) subframe config  2 (5ms, SB2)

· 1 CRS Pattern

· TP 1, Pattern 0 (Cell ID A): 2 ports

· 2 PDSCH Starting Position:

· TP 1, Position 0: 2
· TP 2, Position 1: 2
· Channel bandwidth: 10MHz with full RB allocation
· MIMO configurations & Propagation condition: 2*2 Low, EVA5Hz

· MCS: 16QAM Rank2
· Frequency offset between TPs: 0

· Timing offset between TPs: 2 test points, -0.5us and 2us
3.3 Test case 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 this scenario, TP1 is the serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS, and QCLed CRS for PDSCH is different from the cell ID of serving cell. 
Based on the analysis in [3], the performance loss for PDSCH performance is negligible for up to 4dB colliding CRS interference compared to the case without CRS interference under behavior B. Furthermore, large performance gap was observed between behavior B and behavior A for 64QAM 1/2 under 200Hz frequency offset. 
Based on such analysis, the main configurations for this test case are summarized below.
· TP configurations: 2 TP configured with different cell IDs, TP1 is serving cell which transmitting PDCCH, the PDSCH region for TP1 is blanked and TP2 is the PDSCH transmission point. 
· CRS resources configuration: CRS colliding, such as [0] for TP1, [126] for TP2
· Receiving power imbalance between 2TPs: [4] dB

· NZP CSI-RS resource configuration: Only one NZP CSI-RS resource for TP2
· Channel bandwidth: 10MHz with full RB allocation

· MIMO configurations & Propagation condition : 2*2 Low, EPA5Hz
· MCS: 64QAM 1/2, Rank1
· Frequency offset between TPs: Fixed 200Hz

· Timing offset between TPs: 0us

· Baseline receiver: No specific CRS interference handling capability
3.4 Test case 2-B

This test case is to verify UE performing correct frequency offset compensation under CoMP scenario3 with CRS no-colliding case, assuming CRS_IC as the reference receiver. This test case is only applicable for UE which support CRS_IC.
Based on link level evaluation results in [2], when CRS colliding with data REs, with CRS_IC operation performance can be dramatically improve compared to the case without IC. For 16QAM 1/2, with upper 8dB interference, performance loss compared to interference free case is 0.5dB. However, for 64QAM 3/4, performance loss is very large compared with interference free case even with 0dB interference due to the residual interference. 
Based on such analysis, the configuration for this test case are summarized below.
· TP configurations: 2 TP configured with different cell IDs, TP1 is serving cell which transmitting PDCCH, the PDSCH region for TP1 is blanked and TP2 is the PDSCH transmission point. 
· CRS resources configuration: CRS no-colliding, [0] for TP1, [1] for TP2
· Receiving power imbalance between 2TPs: [4] dB

· NZP CSI-RS resource configuration: Only one NZP CSI-RS resource for TP2
· Channel bandwidth: 10MHz with full RB allocation

· MIMO configurations & Propagation condition : 2*2 Low, EPA5Hz

· MCS: 16QAM1/2, Rank1

· Frequency offset between TPs: Fixed 200Hz

· Timing offset between TPs: 0us

· Reference receiver: CRS_IC
4 Conclusion
In this contribution, open issues in last meeting are firstly analyzed. Then, test cases to cover all the agreed features for 7-0 and 7-1 UE given as shown below:

· Test 1-A: 

· Purpose: Verifying UE performing correct timing offset compensation and rate matching behavior.

· Scenario: CoMP scenario 4. 2 TP configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell, i.e. transmitting PDCCH. TP2 is the TP transmitting PDSCH. 
· Applicable UE: 7-0 UE only

· Test case 1-B:
· Purpose: Verifying UE supporting DPS transmission and performing correct timing offset compensation, rate meatching according to PQI
· Scenario: CoMP scenario 4. 2 TP configured with the same cell ID and only TP1 transmitting CRS. TP1 is serving cell, i.e. transmitting PDCCH. Multiple NZP CSI-RS resources and ZP CSI-RS resources configurations are configured. In each sub-frame, DL PDSCH transmission is dynamically switched between 2 TPs with multiple PQI configurations.
· Applicable UE : 7-1 UE only
· Test case 2-A: 

· Purpose: verifying UE performing correct frequency offset compensation and rate matching behavior with colliding CRS
· Scenario: CoMP scenario 3. 2 TP configured with the different cell IDs. TP1 is the serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS, and QCLed CRS for PDSCH is different from the cell ID of serving cell. No specific CRS interfere handing capability for baseline receiver
· Applicable UE: both 7-0 and 7-1 UE which without capability of CRS_IC

· Test case 2-B: 

· Purpose: verifying UE performing correct frequency offset compensation and rate matching behavior with no-colliding CRS
· Scenario: CoMP scenario 3. 2 TP configured with the different cell IDs. TP1 is the serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS, and QCLed CRS for PDSCH is different from the cell ID of serving cell. CRS_IC assumed as the reference receiver.
· Applicable UE: both 7-0 and 7-1 UE which support CRS_IC
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