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1 Introduction
In last RAN4 meeting, it was agreed to introduce two tests on DL CoMP demodulation tests for TM10 UE [1]:
Test 1: Verifying UE performing correct timing offset compensation, channel parameters estimation and rate matching behaviour in CoMP scenario 4 

Test 2: Verifying UE performing correct frequency offset compensation and rate matching behaviour in CoMP scenario 3 with colliding CRS. 
And the following characteristics are FFS:
· To verify UE performing correct SNR estimation based on DM-RS in either test 1 or test 2
· Whether to assume CRS-IC receiver in test 2 for frequency error estimation
· Whether to introduce a test in CoMP scenario 3 with non-colliding CRS to verify PDSCH demodulation performance with CRS-IC
· Whether to introduce additional DPS test for 7-1 UE only in either test 1 or test 2

In this contribution, further considerations on DL CoMP demodulation tests for TM10 UE are discussed and the test methodology of how to set performance requirement to prevent UE from cheating is also addressed.
2 Test Assumptions 
2.1 SNR estimation
One of the purposes of introducing DL CoMP demodulation tests is to make sure that UE performs correct SNR estimation based on DM-RS rather than CRS. This feature could be included in either test 1 or test 2. In this section, the investigation of DM-RS and CRS based SNR estimation with correct behaviour B implementation for timing and frequency offset compensation are considered for both test 1 and test 2 scenarios.
To evaluate the feasibility of setting test case to discriminate the performance of DM-RS and CRS based SNR estimation, 0, 3, 6, and 9dB power offsets between serving cell and the cell transmitting PDSCH are taken into account. The timing offset between the two TPs is fixed to 2us under the deployment of CoMP scenario 4 and 200Hz frequency offset are considered in CoMP scenario 3. UE is assumed to implement behaviour B correctly for timing and frequency compensation and CRS-IC is not considered in this evaluation. Other detailed simulation assumptions are provided in Annex.
Figure 1 shows the simulation results and the following observations could be made:

· There is obvious performance difference between CRS and DM-RS based SNR estimation in all the evaluated scenarios, even under the case that the power offset between the two TPs is 0dB, so it is possible to test the SNR estimation feature with QCL features together either under test 1 or test 2.
· In CoMP scenario 4, the collision of received CRS from serving cell and PDSCH from transmission cell is observed at UE side due to the existence of timing offset between two TPs, which is the main reason that leads to inaccurate noise estimation over CRS, and then performance degradation. If the timing offset between the two TPs is smaller, the performance gap may also be smaller.
· The performance degradation of CRS based SNR estimation in CoMP scenario 3 is caused by the collision of CRSs in serving cell and transmission cell. The higher the transmitting CRS power in serving cell, the worse the throughout performance. 
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Figure 1: The performance comparation of DM-RS and CRS based SNR estimation
Based on the above observations, we have following proposal:

Proposal 1: The SNR estimation feature could be tested together with QCL related features in test 2.
2.2 CRS-IC receiver
The impact of CRS interference on frequency error estimation is evaluated under the condition of different power offsets in scenario 3, as shown in Figure 2. 
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Figure 2: Frequency compensation under different power offsets
It can be observed from Figure 2 that CRS interference leads to large performance loss if QCLed CRS is used to estimate frequency offset in CRS colliding scenarios, especially in those cases that the power of interfering CRS is higher than the power of QCLed CRS. So using CRS-IC receiver under this condition may bring some gain. However, it can also be observed from the figure that even with a large power offset, e.g., the receiving power of the interfering CRS is 9dB higher than that of QCLed CRS, the performance gap between the implementations with and without frequency compensation is large enough to discriminate correct and incorrect UE behaviours. 
CRS-IC receiver is not a mandatory feature in Rel-11 and it has been investigated in FeICIC, there is no need to introduce it in CoMP demodulation tests. If the power offset between serving TP and transmission TP is set to 3dB, the performance of frequency compensation over QCLed CRS without CRS-IC operation is acceptable, and the behaviours of UE performs DM-RS based and CRS based SNR estimation can be differentiated according to Figure 1. On the other hand, QCLed CRS is one candidate signal could be used for frequency estimation for PDSCH. UE can also use DMRS based frequency estimation to implement UE behaviour B if the scheduled resource is larger than a certain bandwidth, e.g., 3RB. It is difficult to discriminate UEs with DMRS based frequency compensation from CRS based compensation since both of them are correct behaviours. Therefore, leaving UE the freedom of choosing proper RSs and proper frequency compensation algorithms instead of defining reference behaviours is a better choice.
Proposal 2: There is no need to assume CRS-IC as reference receiver in CoMP demodulation tests.

· The power difference between the serving cell and transmission cell could be set to 3dB.

2.3 DPS test
For CoMP feature 7-1 UE, it supports PDSCH TM10 with 3 or 4 CSI processes in single carrier operation in addition to supports all the characteristics of feature 7-0. That is to say, feature 7-1 UE may have the ability of supporting PDSCH transmission dynamically switched between 2 TPs with multiple PQI configurations every subframe. UE is expected to recognize PQI signalling and acquire correct QCL information in this case. So DPS could be considered for feature 7-1 UE in the demodulation test. In realistic network, the timing offset and frequency offset between serving TP and transmission TP may have a common impact on UE throughput, both of the two factors could be included in one test case in CoMP scenario 3 when defining requirement. 
Proposal 3: Introduce one additional DPS test case for feature 7-1 UE only in CoMP scenario 3 with a common impact of timing offset and frequency offset.
2.4 Simulation framework
The proposed simulation framework is listed in Table 1.
Table 1: Test Parameters for CoMP demodulation tests
	Parameter
	Unit
	Test 1
	Test 2

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	Downlink power allocation
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	dB
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	Cell ID
	
	[0]
	[0]
	[0]
	[6]

	Cell-specific reference signals
	
	Antenna ports 0 and 1

	Beamforming model
	
	As specified in Section B.4.2

	CSI reference signals 0
	
	TBD
	N/A
	TBD
	N/A

	CSI-RS 0 periodicity and subframe offset          TCSI-RS / ∆CSI-RS
	Subframes
	TBD
	N/A
	TBD
	N/A

	CSI reference signal 0 configuration
	
	TBD
	N/A
	TBD
	N/A

	CSI reference signals 1
	
	N/A
	TBD
	N/A
	TBD

	CSI-RS 1 periodicity and subframe offset          TCSI-RS / ∆CSI-RS
	
	N/A
	TBD
	N/A
	TBD

	CSI reference signal 1 configuration
	
	N/A
	TBD
	N/A
	TBD

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	TBD
	N/A
	TBD
	N/A

	IMR 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	TBD
	N/A
	TBD

	QCLed CSI-RS
	
	[CSI-RS 0]
	[CSI-RS 1]
	[CSI-RS 0]
	[CSI-RS 1]

	QCLed CRS
	
	[Cell ID 0]
	[Cell ID 0]
	[Cell ID 0]
	[Cell ID 6]
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at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98

	Channel model
	
	TBD
	TBD
	TBD
	TBD

	Symbols for unused PRBs
	
	OCNG (Note 2)
	OCNG (Note 2)
	OCNG (Note 2)
	OCNG (Note 2)

	Number of allocated resource blocks (Note 2)
	PRB
	TBD
	TBD
	TBD
	TBD

	PDSCH transmission mode
	
	[10]
	[10]
	[10]
	[10]

	Timing offset between cell 1 and cell 2
	us
	[0]
	TBD
	[0]
	[0]

	Frequency offset between cell 1 and cell 2
	Hz
	[0]
	[0]
	[0]
	TBD

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


3 Test Methodology
The maximum frequency offset between the PDSCH transmission point and the serving cell was agreed as 200Hz, and the corresponding timing offset range was agreed as [-0.5, 2]us. If tests are designed to only test the edge points which give the maximum UE performance differentiation, e.g., Δf=200Hz and Δt=2us, UE with bad implementation could pass the tests by directly compensate the frequency and timing offset with the fixed Δf=200Hz and Δt=2us since it knows in advance the test setup. Some proposals are to sweep the frequency and timing offset range to prevent UE from using fixed compensation. However, the testing time and complexity will be greatly increased, and the performance difference between correct and incorrect UE behaviour will be reduced.
Here, a test methodology aims to prevent UE from cheating is proposed:
· Choose only two test points:
· One test point is set to the edge of the offset, e.g. for frequency offset Δf = 200Hz and for timing offset Δt = 2us
· From the performance curve, determine a factor α(e.g. 0.5-0.75) such that there are enough UE performance difference between correct compensation of offset at α*Δf and incorrect compensation assuming offset of Δf (between correct compensation of offset at α*Δt and incorrect compensation assuming offset of Δt) 
· The second test point can be chosen by the test equipment by randomly generating an offset in the range of [0 α*Δf] ([-0.5us α*Δt]) with some granularity(e.g. 25Hz) 
· Run the tests and record the two performance metrics m1 and m2 corresponding to these two test points
· Select the minimum of the two metrics: m = min(m1, m2 ) 
· UE passes the test if m satisfies the minimum requirement obtained at the edge point(Δf/Δt) where the correct and incorrect UE behaviors result in the largest performance gap
· With correct UE implementation, the performance of the second test point should be close to the first test point at which the minimum requirement is defined
· With bad UE implementation in which it does not calculate the offset value with certain accuracy will result in much larger performance gap between these two test points and UE failing the test
Proposal 4: Define two test points, one is set to the edge of the offsets and the other one is randomly generated to verify correct UE compensation behaviour.  
4 Conclusion

This contribution further discusses the simulation assumptions of DL CoMP demodulation tests for TM10 UE. A test methodology of how to set performance requirement to prevent UE from cheating is also discussed. Based on the discussion, we propose the following:
Proposal 1: The SNR estimation feature could be tested together with QCL related features in test 2.
Proposal 2: There is no need to assume CRS-IC as reference receiver in CoMP demodulation tests.

· The power difference between the serving cell and transmission cell could be set to 3dB.
Proposal 3: Introduce one additional DPS test case for feature 7-1 UE only in CoMP scenario 3 with a common impact of timing offset and frequency offset.

Proposal 4: Define two test points, one is set to the edge of the offsets and the other one is randomly generated to verify correct UE compensation behaviour.
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Annex: Simulation assumptions
Table 2: Simulation Assumptions
	Parameter
	Unit
	Test 1
	Test 2

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	Downlink power allocation
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	dB
	0
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	Cell ID
	
	0
	0
	0
	6

	Cell-specific reference signals
	
	Antenna ports 0 and 1

	Beamforming model
	
	As specified in Section B.4.2

	CSI reference signals 0
	
	Antenna ports 15,16
	N/A
	Antenna ports 15,16
	N/A

	CSI-RS 0 periodicity and subframe offset          TCSI-RS / ∆CSI-RS
	Subframes
	5/1
	N/A
	5/1
	N/A

	CSI reference signal 0 configuration
	
	4
	N/A
	4
	N/A

	CSI reference signals 1
	
	N/A
	Antenna ports 15,16
	N/A
	Antenna ports 15,16

	CSI-RS 1 periodicity and subframe offset          TCSI-RS / ∆CSI-RS
	
	N/A
	5/1
	N/A
	5/1

	CSI reference signal 1 configuration
	
	N/A
	8
	N/A
	8

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0000001000000000
	N/A
	1 /

0000001000000000
	N/A

	IMR 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 /

0100000000000000
	N/A
	1 /

0100000000000000

	QCLed CSI-RS
	
	CSI-RS 0
	CSI-RS 1
	CSI-RS 0
	CSI-RS 1

	QCLed CRS
	
	Cell ID 0
	Cell ID 0
	Cell ID 0
	Cell ID 6
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at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98

	Channel model
	
	ETU5
	EVA5
	ETU5
	EVA5

	Symbols for unused PRBs
	
	OCNG (Note 2)
	OCNG (Note 2)
	OCNG (Note 2)
	OCNG (Note 2)

	Number of allocated resource blocks (Note 2)
	PRB
	0
	50
	0
	50

	PDSCH transmission mode
	
	10
	10
	10
	10

	Timing offset between cell 1 and cell 2
	us
	0
	2
	0
	0

	Frequency offset between cell 1 and cell 2
	Hz
	0
	0
	0
	200

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
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