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1. Introduction
In RAN1 #71, most of issues related to DL CoMP specification was finalized [1] including quasi-colocation signaling between CRS and CSI-RS, RRC signaling for CoMP configuration, PDSCH rate matching, fallback operation, 1 bit CSI request field and CSI feedback mode. Although there are a few minor details to be decided in next RAN1 meeting, RAN1 specification is now mature enough to allow RAN4 to proceed with defining DL CoMP performance requirement. In this contribution, we provide review of DL CoMP specification related to PDSCH demodulation performance aspect and our recommendation on demodulation test framework. 
2. Discussion

2.1. Overview of Rel-11 DL CoMP specification
RAN1 introduced new transmission mode TM10 in Rel-11 to configure UE operation in DL CoMP mode. From PDSCH demodulation point of view, TM10 can be considered as evolution of TM9 in that
· TM10 PDSCH is modulated based on DM-RS. TM10 inherits major feature of TM9 PDSCH such as DM-RS structure, common precoding for DM-RS and data tones, MIMO encoding and codebook for PMI feedback.

· Newly defined DCI-2D for TM10 is a simple extension of DCI-2C for TM10. Especially, same 3 bit field is reused for joint signaling of antenna ports, scrambling ID and number of layers. 

However, TM10 also introduced a few new features to support PDSCH transmission from TPs other than serving cell. 

· UE specific virtual Cell ID is used for DM-RS scrambling sequence generation instead of serving cell ID. UE is configured with two virtual cell IDs linked to scrambling ID 0 and 1 and corresponding virtual cell ID is used for DM-RS descrambling based on scrambling ID provided in DCI. 
· TM10 UE can be semi-statically configured into one of two behaviors regarding antenna quasi-collocation. In behavior A, UE can assume CRS, DM-RS and CSI-RS antenna ports are collocated. PDSCH demodulation for TM10 UE in behavior A is similar to that of TM9 UE. However, in behavior B, UE cannot assume collocation except for DM-RS and CSI-RS w.r.t {delay spread, Doppler spread, Doppler shift, average delay} and for CSI-RS and CRS w.r.t {Doppler spread and Doppler shift}. UE is supposed to derive timing error information from quasi-collocated CSI-RS and frequency error information from quasi-collocated CRS. 
· 2 bit PQI (PDSCH rate matching and Quasi-colocation Indication) field is added to DCI-2D to allow dynamic selection of TP transmitting PDSCH. PQI bits select one of 4 PQI states that are semi-statically configured by UE specific RRC signaling. Each of PQI state includes cell ID, number of CRS ports, MBSFN configuration, PDSCH starting symbol, ZP-CSI-RS configuration and quasi-collocated CSI-RS index. UE can derive all information for PDSCH rate matching and time and frequency error compensation from PQI bits in DCI. 
Based on these observation, we propose following. 
Proposal 1: Reuse TM9 demodulation test framework as much as possible for TM10 CoMP demodulation test.

Proposal 2: TM10 CoMP demodulation test should be designed to verify proper PDSCH rate matching and timing and frequency error compensation between TPs for behavior B UE based on dynamic PQI signaling. 
2.2. CoMP deployment scenario

In RAN1, 4 CoMP deployment scenarios were considered.  
· Scenario 1: Homogeneous network with intra-site CoMP.

· Scenario 2: Homogeneous network with high Tx power RRHs.

· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where transmission/reception points created by the RRHs have different cell IDs as the macro cell.

· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.

These scenarios can be classified into two groups. In first group including scenario 1, 2 and 3, all TPs transmits CRS with different cell ID. In second group including scenario 4, TPs in the macro coverage have the same cell ID as the macro cell. For CoMP deployment scenario 4, since TPs within macro cell coverage are sharing same cell ID, UE cannot estimate frequency error between TPs using CRS. Thus, network should maintain good frequency synchronization between TPs so that UE performance degradation from frequency error is minimal. Considering that CoMP demodulation test needs to verify UE capability to compensate both timing error and frequency error based on dynamic PQI signaling, CoMP scenario 4 is not appropriate for test case design. On the other hand, in CoMP deployment scenario 1, 2 or 3, UE can estimate frequency error between serving cell and TP transmitting PDSCH using dynamically signaled quasi-collocated CRS. Thus, network is allowed to have certain amount of frequency error between TPs as well as timing error. 
For scenario 3, we need to consider CRS collision in test case design. In case of non-colliding CRS, CRS of neighbor TP would interfere with data tone. In case of colliding CRS, we can avoid interference on data tones but frequency offset estimation would be affected by colliding CRS as shown in [3]. Although it seems that CRS-IC or other advanced signal processing is required to guarantee reliable PDSCH demodulation in either case, we prefer colliding CRS case to focus on verification of UE capability to compensate frequency error between TPs.
Proposal 3: For CoMP deployment scenario, consider scenario 3 with colliding CRS and assume both timing and frequency offset between TPs. 

2.3. TP selection and PQI signaling

For demodulation test, we propose test setup based on 2 TPs. In scenario 3, both TP1 and TP2 transmit CRS, PSS/SSS and PBCH. When TP2 is transmitting DM-RS/PDSCH, TP1 PDSCH region is muted for dynamic blanking and vice versa. 
New feature for TM10 is dynamic TP selection signaled by PQI field in DCI-2D. In dynamic TP selection, TP transmitting PDSCH is dynamically changed in each SF and selected TP is signaled to UE via PQI bits. UE is supposed to do PDSCH rate matching and timing and frequency error compensation for selected TP. Note that dynamic TP switching is possible only for UE with multiple CSI process capability. For UE with single CSI process capability, network can configure only one NZP-CSI-RS and PDSCH will be transmitted only from one TP. There would be only semi-static TP switching based on RRC signaling. 
Proposal 4: For UE with multiple CSI process capability, define TM10 demodulation test based on 2 TP setup with dynamic TP switching between TP1 and TP2. 
Proposal 5: For UE with single CSI process capability, define TM10 demodulation test based on 2 TP setup with PDSCH transmission from only TP2.
2.4. Timing and frequency error

RAN4 had a separate WI for geographically separated antenna to discuss effect of timing and frequency offset on DM-RS PDSCH demodulation. In RAN4 #65, WF was agreed as in [2] for timing error candidates. However, for frequency error, further discussion was delayed since it might be affected by new RAN1 agreement regarding quasi-collocation signaling between CSI-RS and CRS. 
For timing offset, we prefer our previous proposal of [-1, 1.5] us over [-0.5, 2] us. Although certain UE implementation has difficulty in handling negative timing offset, we cannot arbitrary assume that timing error of TP transmitting PDSCH relative to serving cell is larger in positive direction than in negative direction in real network deployment. If we define UE performance requirement based on [-0.5, 2] us timing error, it will impose same constraint on network deployment. Also, we propose to run test for both positive and negative timing error to verify proper UE handling of timing error in both direction. 
For frequency offset, we propose to use 200Hz since, for scenario 3, UE can use quasi-collocated CRS for frequency offset compensation. Our simulation results in [3] indicate that frequency offset larger than 200Hz may degrade demodulation performance due to ICI (intercarrier interference). 
Proposal 6: Consider timing offset of -1us and 1.5us and frequency offset of 200Hz for the test. 

2.5. CSI process capability
In RAN4 #65 meeting, there was discussion on how to define CoMP demodulation test for UEs with different CSI process capability [4][5]. However, careful look at the specification reveals that there is no need for CSI feedback for PDSCH demodulation test. In TM9 demodulation test, fixed MCS and random precoding were used for PDSCH transmission. Thus, CSI feedback was not configured for the test even though CSI-RS and ZP-CSI-RS were configured for verification of PDSCH rate matching. We can follow same approach for TM10 demodulation test and configure no CSI feedback in the demodulation test. 
However, for demodulation test, dynamic TP selection for PDSCH transmission is possible only for UE with multiple CSI process capability. For single CSI process capable UE, network can configure only one NZP-CSI-RS resource and TP for PDSCH transmission is semi-statically determined. For multiple CSI process capable UE, network can configure up to 3 NZP-CSI-RS resources corresponding to each TP in CoMP measurement set and TP for PDSCH transmission can be dynamically switched through PQI signaling. Considering above observation, we need to define separate TM10 demodulation test for single CSI process UE and multiple CSI process UE. 
Proposal 7: Define separate TM10 demodulation test for sinlge CSI process and multiple CSI process UE. There is no need to configure CSI feedback in the test. 
3. Test framework

Table 1 lists test parameters for TM10 PDSCH demodulation test based on discussion in section 2. It can be further noted that
· Test reuses TM9 MU-MIMO rank 1 and SU-MIMO rank 2 tests. 

· CRS power offset between TP1 and TP2 should be at least 8dB to verify reliable frequency offset estimation from weak CRS.

· For MCS, QPSK 1/3 is excluded since the effect of timing and frequency error for UE with wrong quasi-collocation behavior is very small in low CINR region. 

Table 1. Test parameters for TM10 demodulation test

	parameters
	values

	deployment scenarios
	CoMP scenario 3 with collidng CRS

	Transmission mode
	TM10

	System bandwidth
	10MHz

	Cyclic prefix
	normal

	Duplex mode
	FDD, TDD

	Cell ID
	TP1 cell ID : 0

TP2 cell ID : 6

	Number of PDCCH symbols
	2

	TP for PDSCH transmission
	dynamic TP switching between TP1 and TP2 for UE with multiple CSI process capability
only TP2 for UE with single CSI process capability

	timing error between TPs
	-1.0us, 1.5us

	frequency error between TPs
	200Hz

	CRS power difference between TPs
	TP1 power is larger than TP2 power by at least 8dB

	antenna configuration
	2x2

	propagation channel
	EPA5L, EVA5L

	PDSCH allocation
	41 PRBs in SF 0

50 PRBs in SF 1, 2, 3, 4, 6, 7, 8, 9

	Max num HARQ transmission
	4

	DM-RS/PDSCH precoding
	Random precoding defined in Annex B.4.1 and B.4.2 of 36.101

	Precoding granularity
	1 RBG/1ms

	CSI feedback configuration
	not configured

	NZP-CSI-RS
	NZP-CSI-RS for both TP1 and TP2 are configured for UE with multiple CSI process  capability
NZP-CSI-RS for only TP2 is configured for UE with single CSI process  capability

	Number of CRS ports
	2

	MBSFN SF configuration
	Not configured

	MIMO mode for PDSCH
	MU-MIMO rank 1, SU-MIMO rank 2

	MCS
	16-QAM ½, 64-QAM ½ 


4. Conclusion 
 In this contribution, we reviewed various aspects of Rel-11 DL CoMP specification and presented test framework for TM10 PDSCH demodulation test. Our proposals from the analyses are 
Proposal 1: Reuse TM9 demodulation test framework as much as possible for TM10 CoMP demodulation test.

Proposal 2: TM10 CoMP demodulation test should be designed to verify proper PDSCH rate matching and timing and frequency error compensation between TPs for behavior B UE based on dynamic PQI signaling. 

Proposal 3: For CoMP deployment scenario, consider scenario 3 with colliding CRS and assume both timing and frequency offset between TPs. 

Proposal 4: For UE with multiple CSI process capability, define TM10 demodulation test based on 2 TP setup with dynamic TP switching between TP1 and TP2. 
Proposal 5: For UE with single CSI process capability, define TM10 demodulation test based on 2 TP setup with PDSCH transmission from only TP2.

Proposal 6: Consider timing offset of -1us and 1.5us and frequency offset of 200Hz for the test. 

Proposal 7: Define separate TM10 demodulation test for sinlge CSI process and multiple CSI process UE. There is no need to configure CSI feedback in the test. 

We recommend considering our proposals and test framework in the discussion to define TM10 PDSCH demodulation test. 
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