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Introduction
In last RAN4 meeting, it has been agreed to test the following features in the context of PDSCH demodulation test cases 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.
Although most of the companies prefer single test pending feasibility study, it is not precluded to use multiple tests in last meeting. In this contribution, the feasibility of single test case was analysed. Based on the analysis, the framework with three PDSCH demodulation test cases was proposed.
2 Analysis of test case coverage
To order to minimize the test effort, it is RAN4’s principle to jointly verify multiple UE behaviors and minimize the test case number as much as possible. Based on this principle, some companies preferred single PDSCH demodulation test for whole CoMP feature. However, some companies have concern on the test case coverage with only one single test case in last meeting. Thus, the tradeoff between test effort and test coverage should be carefully considered.
Firstly, as agreed in RAN1, UE is NOT allowed to use QCLed CRS to do timing offset compensation, SNR estimation and channel PDP estimation. It is necessary to restrict UE’s behavior that only relying on CSI-RS/DMRS for timing offset compensation, SNR estimation and PDP estimation. To verify it, the test case can be designed with CoMP scenario 4, i.e. 2 TP configured with the same cell ID and only TP1 transmitting CRS. Otherwise, if CoMP scenario 2/3 is selected, UE may use QCLed CRS to estimate all QCL behaviors.
Observation 1: For the verification of timing offset compensation, SNR estimation and PDP estimation behavior only relying on CSI-RS /DMRS rather than CRS, it is preferred to use Scenario 4 in test case.
Secondly, as agreed in RAN1, each NZP CSI-RS resource is always QCLed with one CRS w.r.t. the {Doppler shift and Doppler spread}. This agreement is valid irrespective of CoMP scenarios. Thus, it is UE implementation freedom to use either QCLed CRS or QCLed DMRS for frequency offset compensation. Therefore, in test case targeted for frequency offset compensation behavior verification, CoMP scenario 3 is more preferred.
Observation 2: For the verification of frequency offset compensation behavior, it is preferred to use Scenario 3 in test case to keep UE implementation freedom.
Thirdly, for the verification of rate matching behaviour, it’s can be implicitly verified in test cases since UE will fail to pass the test once UE does not properly implement rate matching, the throughput will be limited under certain MCS level with high coding rate such as 16QAM1/2, and 64QAM 3/4.

Observation 3: For the verification of rate matching behaviour, it can be easily integrated into both CoMP scenario 3 and CoMP scenario 4 test cases. 

Finally, 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 introduce one additional test case to verify UE supporting dynamic points change for PDSCH transmission based on the configured PQI information for 7-1 UE. 
Observation 4: For the dynamic point change feature verification, one additional test case could be introduced targeted for 7-1 UE only.
Based on the observation above, it is proposed to introduce below test cases to cover all the agreed features:

Proposal PDSCH demodulation test cases:

· Test case 1: 
· Purpose: verifying UE performing correct timing offset compensation, SNR estimation, channel parameters estimation 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: both 7-0 and 7-1 UE.

· Test case 2:

· Purpose: verifying UE performing correct frequency offset compensation and rate matching behavior.

· 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.
· Applicable UE: both 7-0 and 7-1 UE.

· Test case 3: 

· Purpose: verifying UE supporting dynamic point change for PDSCH transmission according to PQI

· Scenario: CoMP scenario 3. 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: only 7-1 UE.

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 and simulation assumptions are analyzed for each test case.
3 Framework of PDSCH demodulation test cases
3.1 Test case 1 configuration
This test is to verify UE performing correct timing offset compensation, SNR estimation, channel parameters estimation and rate matching behavior under CoMP scenario 4.

In this case, 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. 
For timing tracking, timing offset should be able to cover [-0.5, 2] us. Also, the timing model should be able to ensure large performance gap to distinguish behavior A and behavior B. Based on analysis and simulation results in [2], it is proposed to use the dynamic TO model as described below. In this TO model, timing offset is dynamically changed in cosine function within the range of [-0.5 2] us. The periodicity of the model is 5 s.
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This model is closed to the real timing offset distribution in real network considering UE mobility between TPs. Furthermore, with this dynamic model in time domain, we can verify UE capability to follow the timing offset change between TPs.
For SNR estimation based on DMRS, it can be verified by applying different SNR levels between DMRS/PDSCH and CRS such as setting different receiving power between CRS and DMRS. Based on the observation in [2], in order to ensure large performance gap between behaviour B and behaviour A, it is proposed to fixe CRS-SNR lever lower than 0dB with 64QAM 3/4 MCS level.
Regarding channel parameters estimation (e.g. delay spread, PDP), the performance gap between behaviour A and behaviour B is strongly depending on UE implementation. It’s difficult to align a baseline receiver for such channel parameters estimation. Thus, it is proposed to implicitly test this feature such as setting different fading channel between CRS and PDSCH/DMRS.

Based on such analysis, 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, CRS-SNR level is fixed as -3dB.
· 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: 64QAM 3/4, Rank1
· Frequency offset between TPs: 0

· Timing offset between TPs: 

[image: image2.wmf](

)

1

TOcos(2)

1.25,0.75,0.2

tAtB

AsBss

pw

mmw

-

=×D×+

==D=


The detailed simulation assumption is given in Table 2 in annex below for reference.
3.2 Test case 2 configuration

This test case is to verify UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3. 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.
Under CoMP scenario 3, CRS interference is not avoidable since these TP are configured with different cell IDs. If CRSs are colliding between two TPs, frequency tracking performance based on the QCLed CRS and PDCCH detection based on CRS from serving cell will be affected. If CRS from serving cell is colliding with data REs of PDSCH, PDSCH will suffer performance loss. However, as analyzed in [4],[5],and [6], PDSCH performance degradation can be addressed by BS/UE implementation by e.g. CRS colliding, MBSFN configuration, CSI-IC receiver and reasonable CoMP scheduling .

Since the purpose of this test case is to validate behavior B especially UE performs correct frequency offset compensation, it is proposed to set the CRS interference as reasonable values to ensure UE correct implement behavior B without assuming special network implementation such as MBSFN configuration and interference handling capability in UE sides such as CRS-IC. 

Based on the analysis in companion paper [2], the performance loss for PDSCH performance is negligible for up to 4/6dB colliding CRS interference compared to the case without CRS interference under behavior B. Also, based on system simulation results in [2], 4dB CRS power imbalance value is the reasonable value between the strongest 2 TPs in CoMP sets. Furthermore, large performance gap was observed between behavior B and behavior A for 16QAM 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 resources are colliding with the same frequency shift, receiving power difference between CRS of serving cell and CRS of PDSCH transmission point is fixed as 4dB.

· 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
The detailed simulation assumption is given in Table 3 in Annex for reference.
3.3 Test case 3 configuration
This test case is to verify UE supporting dynamic point change for PDSCH transmission according to PQI.
In this test case, TP1 is configured as serving cell with cell ID A and CRS pattern 0 and NZP CSI resource 0. TP2 is configured as Cell ID B and CRS pattern 1 and NZP CSI resource 1. In each sub-frame, PDSCH transmission is dynamically switched between these two TPs. Different PQI states and related DL transmission hypothesis are summarized accordingly as shown below in Table 1.
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 1 
	PDSCH starting position 1 
	NZP CSI-RS Resource Index 1 
	ZP CSI-RS config 1 
	Blanked 
	PDSCH 

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

	PQI set 3 
	CRS pattern 1 
	PDSCH starting position 1 
	NZP CSI-RS Resource Index 1 
	ZP CSI-RS config 2 
	Blanked 
	PDSCH 


Furthermore, 2 NZP CSI resources, 3 ZP CSI-RS configurations, 2 CRS patterns and 2 PDSCH starting positions are configured as showed in Figure 1. 
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Figure 1: example for resources configuration in RRC

· 2 NZP CSI resources configured

· TP 1, NZP CSI resource 0: 4 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)

· 3 ZP CSI_RS configurations

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

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

· TP 1 & TP 2, ZP CSI_RS config 2: bitmap 0X4200  8REs(1,6) subframe config  2 (5ms, SB2)

· 2 CRS Pattern

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

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

· 2 PDSCH Starting Position:

· TP 1, Position 0: 2
· TP 2, Position 1: 2
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.
For example, in a given sub-frame, PQI set 0 is selected and is indicated to UE by DCI 2D. For PQI set 0, PDSCH is transmitted from TP1; NZP CSI-RS resource index 0 is configured as QCLed CSI-RS. TP2 is blanked for data transmission and related NZP CSI-RS resource 1 is transmitted from TP2. As shown in Figure 1, ZP CSI-RS configuration 0, CRS pattern 0, PDSCH starting position 0 is configured as RE mapping parameters for PQI set 0. Furthermore, PDSCH is rate matched around both NZP CSI resource 0 and NZP CSI resource 1. 
4 Conclusion
In this contribution, the tradeoff between test effort and test coverage for CoMP PDSCH demodulation requirements is analyzed. It is observed that. 
Observation 1: For the verification of timing offset compensation, SNR estimation and PDP estimation behavior only relying on CSI-RS rather than CRS, it is preferred to use Scenario 4 in test case.
Observation 2: For the verification of frequency offset compensation behavior, it is preferred to use Scenario 3 in test case to keep UE implementation freedom.
Observation 3: For the verification of rate matching behaviour, it can be easily integrated into both CoMP scenario 3 and CoMP scenario 4 test cases. 

Observation 4: For the dynamic point change feature verification, one additional test case could be introduced targeted for 7-1 UE only.
Based on our observations, the following PDSCH demodulation test cases are proposed: 
Proposal PDSCH demodulation test cases:

Test case 1: 
1. Purpose: verifying UE performing correct timing offset compensation, SNR estimation, channel parameters estimation and rate matching behavior

2. 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. 

3. Applicable UE: both 7-0 and 7-1 UE.
4. Details test case configuration is given in Section 3.1.
Test case 2:

1. Purpose: verifying UE performing correct frequency offset compensation and rate matching behavior.

2. 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.
3. Applicable UE: both 7-0 and 7-1 UE.
4. Details test case configuration is given in Section 3.2.
Test case 3: 

1. Purpose: verifying UE supporting dynamic point change for PDSCH transmission according to PQI

2. Scenario: CoMP scenario 3. 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.

3. Applicable UE: only 7-1 UE.
4. Details test case configuration is given in Section 3.3.
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6 Annex

Table 2 Simulation assumption for test case 1
	Parameter
	TP1 
	TP2

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	 10MHz

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2

	Cell ID
	[0]
	[6]

	Transmission mode
	NA
	10

	Channel model
	[EPA]
	[EPA]

	Doppler frequency (Hz)
	5Hz
	5Hz

	Es1/Es (CRS power ratio)
	NA
	Fixed as 4dB

	MIMO configuration
	2x2 low
	2x2 low

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}

	NZP CSI-RS Resource 0
	CSI reference signals
	NA
	Ports{15,16,17,18}

	
	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2

	
	CSI reference signal configuration
	NA
	0

	ZP CSI-RS Resource Config. 0
	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap
	3 /0x1000
	3 /0x1000

	Rank
	N/A
	1

	PMI
	N/A
	[Random]

	MCS and coding rate
	N/A
	16QAM 1/2

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	NA
	8

	Maximum number of HARQ transmission
	NA
	4

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset 
	0
	0

	Frequency error (Hz)
	0
	200


Table 3 Simulation assumption for test case 2
	Parameter
	TP1 
	TP2

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	 10MHz

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2

	Cell ID
	0
	NA

	Transmission mode
	NA
	10

	Channel model
	EPA
	EVA

	Doppler frequency (Hz)
	5Hz
	5Hz

	SNR for CRS
	Fixed as -3dB
	NA

	MIMO configuration
	2x2 low
	4x2 low

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}

	NZP CSI-RS Resource 0
	CSI reference signals
	NA
	Ports{15,16,17,18}

	
	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2

	
	CSI reference signal configuration
	NA
	0

	ZP CSI-RS Resource Config. 0
	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap
	3 /0x1000
	3 /0x1000

	Rank
	N/A
	1

	PMI
	N/A
	[Random]

	MCS and coding rate
	N/A
	64QAM 3/4

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	NA
	8

	Maximum number of HARQ transmission
	NA
	4

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset (us) w.r.t the serving cell
	NA
	Dynamic Model As:
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	Frequency error (Hz) (us) w.r.t the serving cell
	NA
	0
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