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1 Introduction
In last RAN4 meeting, it was agreed to test the following features in the context of DL CoMP demodulation tests [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.
The frequency offset and timing offset range were also agreed as 200Hz and [-0.5, 2] us respectively at PDSCH transmission point w.r.t the serving cell [2]. Companies are invited to provide the detailed test cases based on agreed frequency offset and timing offset range assumption. In this contribution, we further discuss the detail simulation assumptions of DL CoMP demodulation tests for TM10 UE. The test methodology of how to set performance requirement to prevent UE from cheating is also discussed.
2 Simulation assumptions 
In order to introduce test cases for TM10 UE to make sure it could perform properly in geographically non co-located antenna deployment, some considerations about test configurations are discussed.
UE capability features
It was agreed in RAN1 that TM10 UEs can be categorized into two categories based on the capability of supporting one or multiple CSI processes: feature 7-0 UE supports PDSCH TM10 with a single CSI process per CC, feature 7-1 UE supports all the characteristics of feature 7-0, and supports PDSCH TM10 with 3 or 4 CSI processes in single carrier operation based on capability signaling. Both of the two features should be included in the test.
Proposal 1: Define test cases for feature 7-0 and feature 7-1 UE.
CoMP related features
Two TPs should be explicitly modelled to construct a geographically non co-located antenna deployment. For data transmission assumptions, several DL CoMP schemes, e.g., JT, CS/CB, and DPS/DPB, are discussed in RAN1. JT scheme changes the inter-cell interference into desired signal, which may require accurate time and frequency synchronization between the two TPs. CS/CB schemes coordinate signals between cells by making proper scheduling / beamforming decisions to avoid causing interference. DPS/DPB schemes dynamically change TPs for PDSCH transmission without handover procedure for changing serving cell. From demodulation test point of view, DPS/DPB schemes could be considered for defining test cases. Since interference could be avoided by coordination schemes between cooperating TPs, there is no need to introduce it to affect the throughout performance. 
UE is expected to recognize PQI signaling and acquire correct QCL information. For 7-0 UE, fixed point transmission should be considered for test, because it may not work well under the scenario of dynamic point change every subframe since only one CSI process is supported. For 7-1 UE with the capability of supporting multiple CSI processes, dynamic point selection could be chosen as the transmit schemes for defining test cases. 
Proposal 2: Fixed point transmission and dynamic point selection without simultaneous PDSCH transmission from another TP could be chosen as the transmit schemes for defining test cases for feature 7-0 and 7-1 UE.
QCL related features

The purpose of introducing test cases for QCL type B UE is to make sure UE performs correct timing and frequency offset compensation, channel parameters estimation, and rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling, as well as correct SNR estimation based on DM-RSs rather than CRSs. In our previous investigation, the impacts of timing offset and frequency offset are evaluated separately. However, there is a proposal of setting one test case considering all the above factors since they may have a common impact on UE throughput in realistic network. To evaluate the feasibility of this proposal, the following possible operations of UE implementation are considered under the deployment of CoMP Scenario 3: 
· Behaviour B: The expected implementation, UE compensates both timing and frequency offset properly.
· Only time compensation: UE only compensates timing offset, which is not expected.
· Only freq compensation: UE only compensates frequency offset, which is not expected either.
· Behaviour A: UE does not do any compensation. 
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Figure 1: QCL impacts on different UE implementations (CRS timing)
Ideal results for each case are also provided as the benchmarks. The frequency offset between the serving cell and the node transmitting PDSCH is fixed to 200Hz and the boundary values of agreed timing offset -0.5us and 2us are considered. Detailed simulation assumptions are listed in Annex and the simulation results are presented in Figure1. Note that in this evaluation, CRS based FFT timing as well as CSI-RS based time compensation and DMRS based frequency compensation is used for all the compensation cases. 
The following observations could be made from Figure 1:

· For positive time delay of 2us, it is easy to set test cases to discriminate between good UE behaviour (Behaviour B, UE compensates both timing and frequency offset) and bad UE behaviours (UE only compensates timing offset, UE only compensates frequency offset, or UE does not do any compensation).

· For negative time delay of -0.5us, the implementations of UE Behaviour B and UE only compensates frequency offset share very similar performance, which implies that UE could pass the test without doing time compensation in the case.
Based on the above observations, we have following proposal:

Proposal 3: The QCL related features could be tested in one case under the condition of large positive timing delay and frequency offset to discriminate different UE implementations.
Reference UE Behaviours
It is proposed to test both positive and negative timing offsets in the test. However, according to the evaluation in [3], a small negative time delay of -0.5us would bring large performance loss for high MCS case due to the introduction of ISI. There is a proposal of shifting CRS timing by a fixed offset, e.g., -0.5us, to reduce the introduction of ISI for data demodulation. Figure 2 shows the evaluation results of QCL impacts on different UE implementations with the assumption of shifting CRS timing by -0.5us as the FFT window timing. The other simulation assumptions are the same as those of Figure 1.
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Figure 2: QCL impacts on different UE implementations (CRS timing with -0.5us shift)
From Figure 2, it is observed that negative time offset could be compensated to some extent by shifting CRS timing with a fixed offset, especially for high MCS case. However, the implementations of UE Behaviour B and UE only compensates frequency offset are difficult to discriminate. In addition, it would lead to performance loss for 2us case since it increases UE observed timing offset between TPs. This method of shifting CRS timing by a fixed offset might not be the first choice for compensating timing offset.
DMRS based frequency estimation is considered in the evaluation. Besides, QCLed CRS is another candidate signal could be used for frequency estimation for PDSCH. Therefore, it is better to leave UE the freedom of choosing proper compensation algorithms instead of defining reference behaviours.

Proposal 4: Do not define reference UE behaviours for timing and frequency offset compensation.
Test scenarios

CoMP Scenario 2, Scenario 3, and Scenario 4 are three reference scenarios for non-quasi-co-located antenna deployments. It is suggested in [4] that the cell ID of TP transmitting PDSCH should be different from the serving cell ID for frequency offset test. On the other hand, the QCL related features could be tested in one case according to the above discussion. Then two TPs with different cell IDs, Scenario 2 or Scenario 3, could be considered for setting requirements. Scenario 2 is a homogeneous network with macro-cell only deployment, CoMP UE in this scenario may observe a larger timing offset between two TPs than the agreed timing offset range. Therefore, Scenario 3 could be defined as the test scenario.

Proposal 5: Define CoMP Scenario 3 as the test scenario. 
PDSCH and PDCCH overlap
With the introduction of dynamic signaling of PDSCH starting OFDM symbol, UE may encounter with the situation that PDSCH starting symbol is earlier than the end of the PDCCH, which is use case when the PDSCH and PDCCH are transmitted from different transmission points. In this case, UE shall assume the indicated number of CRS ports for PDSCH RE mapping in all the symbols occupied by the PDSCH, including the symbols overlapping with the PDCCH, while PDCCH RE mapping is according to the serving cell’s CRS. This is a new feature and it could be tested here by configuring PDSCH starting symbol earlier than the end of the PDCCH in the serving cell.
Proposal 6: Consider PDSCH and PDCCH overlap in the test cases.
CRS configuration
The transmit power ratio of CRSs for the two TPs could refer to system simulation results [5]. Another purpose of the test is to make sure UE performs correct SNR estimation based on DM-RSs rather than CRSs, so it is possible to consider different transmit powers for CRSs and DM-RSs. 
For test purpose, the collision of CRSs for the two TPs could be considered to avoid introducing CRS interference for PDSCH demodulation. However, PDSCH RE mapping is according to the CRS of TP transmitting PDSCH while PDCCH RE mapping is according to the serving cell’s CRS, which indicates the QCL characteristic of performing correct rate matching around the configured CRS may not be tested in colliding CRS configuration cases. Based on these considerations, we propose to define test cases for the QCL characteristics 1,2,3,4 and QCL characteristic 5 separately.
Proposal 7: The corresponding CRS power levels for the two TPs could refer to system simulation results and three test cases could be defined.
· Case 1 is defined for QCL characteristics 1,2,3,4 for feature 7-0 UE with colliding CRS configuration.
· Case 2 is defined for QCL characteristics 1,2,3,4 for feature 7-1 UE with colliding CRS configuration.
· Case 3 is defined for QCL characteristics 5 for feature 7-0 UE with non-colliding CRS configuration and overlapped PDSCH and PDCCH symbols.
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 behavior 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 8: Define two test points, one is set to the edge of the agreed offsets and the other is randomly generated within a certain range which can discriminate different UE behaviors, to prevent UE from cheating the tests.

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: Define test cases for feature 7-0 and feature 7-1 UE.
Proposal 2: Fixed point transmission and dynamic point selection without PDSCH transmitted from another TP could be chosen as the transmit schemes for defining test cases for feature 7-0 and 7-1 UE.
Proposal 3: The QCL related features could be tested in one case under the condition of large positive timing delay and frequency offset to discriminate different UE implementations.
Proposal 4: Do not define reference UE behaviours for timing and frequency offset compensation.
Proposal 5: Define CoMP Scenario 3 as the test scenario. 
Proposal 6: Consider PDSCH and PDCCH overlap in the test cases.
Proposal 7: The corresponding CRS power levels for the two TPs could refer to system simulation results and three test cases could be defined.

· Case 1 is defined for QCL characteristics 1,2,3,4 for feature 7-0 UE with colliding CRS configuration.
· Case 2 is defined for QCL characteristics 1,2,3,4 for feature 7-1 UE with colliding CRS configuration.
· Case 3 is defined for QCL characteristics 5 for feature 7-0 UE with non-colliding CRS configuration and overlapped PDSCH and PDCCH symbols.
Proposal 8: Define two test points, one is set to the edge of the agreed offsets and the other is randomly generated within a certain range which can discriminate different UE behaviors, to prevent UE from cheating the tests.
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Annex: Simulation assumptions
Table 2: Simulation Assumptions 
	Parameter
	TP 1
	TP 2

	Carrier frequency
	2 GHz
	2 GHz

	System bandwidth
	10 MHz
	10 MHz

	Cell ID
	0
	6

	Channel model and Doppler frequency
	ETU5
	EVA5

	Transmission mode
	N/A
	TM10

	MIMO configuration
	2x2 low
	2x2 low

	CRS configuration
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	N/A
	Antenna ports 15,16

	Resource allocation (RB)
	N/A
	50

	Linked CSI-RS
	CSI-RS resource 0
	CSI-RS resource 1, which is quasi-collocated with DMRS wrt { Delay spread, Doppler spread, Doppler shift, Average delay }

	Linked CRS
	Cell ID 0
	Cell ID 6, which is quasi-collocated with linked CSI-RS wrt { Doppler spread, Doppler shift }

	Rank
	N/A
	1

	PMI
	N/A
	Random PMI

	Modulation and Code rate
	N/A
	64QAM 3/4, 16QAM 1/2, QPSK 1/3

	HARQ
	N/A
	8 HARQ processes and max 4 transmissions

	Channel estimation
	Practical
	Practical

	PDP estimation
	Practical
	Practical

	Received timing delay (us)
	Ideal
	-0.5/2

	Frequency offset (Hz)
	0
	200

	Cyclic prefix
	Normal
	Normal

	Simulation length
	10000 sub-frames
	10000 sub-frames
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