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1
Introduction
In last RAN4 meeting, some conclusions were agreed for demodulation performance requirements under DL CoMP in [1]:
· No need to add new performance tests to cover the CoMP + CA.

· No PDCCH test is needed
Also, how to test QCL behaviour B and PDSCH rate matching were widely discussed in recent RAN4 meetings. But no consensus was reached for PDSCH demodulation performance under CoMP. In this contribution, we firstly summarize RAN1’s agreements for TM10 in Rel-11.Then we analyze how to test QCL behaviour B and PDSCH rate matching under PDSCH demodulation test cases.
2 Analysis
2.1 RAN1 agreements for quasi-collocation and RE mapping
Firstly, RAN1’s agreements regarding quasi-collocation and RE mapping are summarized in this section.
General Signaling
· The DCI format in TM10 is Format 2D (2 bits for PQI) 

· PQI = “PDSCH RE Mapping and Quasi-Co-Location Indicator” 

· Configure up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters by RRC signaling

· State for each subframe is dynamically configured among 4 sets as indicated by DCI 2D

· Each state corresponds to a higher-layer list of parameters: 

· CRS configured for rate matching
· One configuration of ZP CSI-RS for rate matching
· Irrespective of the UE’s capability in terms of number of supported CSI processes, more than one ZP CSI-RS configuration can be configured for a Rel-11 UE
· In a given subframe, one of the configured ZP CSI-RS configurations is applied for PDSCH rate matching as indicated in a dynamic manner by a PQI state

· PDSCH RE mapping is unaffected by the configured IMRs 
· PDSCH starting symbol for RE mapping 

· One NZP CSI-RS resource index 

· QCL is assumed between DMRS and the indicated NZP CSI-RS resource
· NZP CSI-RS rate matching 

· The PDSCH is rate matched around all the NZP CSI-RS resources configured by higher layers for the UE
· Up to 3 NZP CSI-RS resources in a CoMP set
QCL assumption 

· Behaviour B: 

· CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay }
· In each PQI state, one NZP CSI-RS resource is indicated for QCL with DMRS.
· QCL between CRS and CSI-RS resource under behaviour B
· For each CSI-RS resource, the network shall indicate via RRC signalling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt the following properties:{Doppler shift, Doppler Spread}

· Each CSI-RS resource is QCL with a single CRS according to Behaviour B
2.2  Test Case Design Principle

As discussed in Section 2.1, it was agreed that reference PDSCH RE mapping and quasi-co-location configurations are configured by RRC signalling. DCI format 2D dynamically indicate which RE mapping and QCL configuration should be applied for TM10 demodulation. To limit RAN4 workload and test effort, single demodulation test case under TM10 could be introduced to verify UE correct implementation for QCL behaviour B and RE mapping. It’s consistent with RAN1/2 signalling design that RE mapping and QCL are jointly configured to support CoMP transmission. Furthermore, some minor features such as UE behaviour on DMRS/CSI-RS sequence initialization can also be implicitly verified in the single test case. 
Proposal 1: Introduce single demodulation test case under TM10 to verify correct UE implementation for QCL behavior B and RE mapping.

The agreements for QCL and rate matching in RAN1 and RAN2 are applicable for Rel-11 CoMP UEs supporting either 7-0 feature or 7-1 feature. Furthermore, it is customary to separate demodulation and CSI test as much as possible, i.e. fixed RI, MCS and random/fixed PMI is used in legacy RAN4 test cases. As a result, the demodulation test case could be designed to be irrespective of UE CSI reporting capability. Therefore, it is proposed that demodulation test cases for all CoMP UEs are limited to a single CSI process only. 
Proposal 2: Introduce demodulation test cases based on single CSI process.
CoMP transmission and deployment scenarios are transparent to UE’s PDSCH demodulation. The test case is designed to rule out bad UE implementation for CoMP features. From the demodulation test perspective, there may be no significant difference between different deployment scenarios. Therefore, introducing a unified test case based on typical deployment scenarios can meet the test purpose. Furthermore, the workload of RAN4 specification and test efforts need to be considered carefully.

Proposal 3: Scenario 2/3 can be taken as CoMP reference deployment scenario for test case design.
2.3  Test Case Design Example
In this section, a proposed test case design is given to verify correct UE implementation for QCL behavior B and RE mapping.
In the demodulation test case, 2 TPs are considered. 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 switched transmitted 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. Figure 2 shows the RE mapping for each PQI state. The detailed configurations for PDSCH RE mapping are summarized below.
· 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 QCL CSI-RS. TP2 is blanked for data transmission and related QCLed NZP CSI-RS resource 1 is transmitted from TP2. As shown in Figure 2, 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. 
Proposal 4: Demodulation test case is designed with dynamic DL PDSCH transmission switch between 2 TPs with multiple PQI configurations.
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Figure 1: example for resources configuration in RRC
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Figure 2: RE mapping for each PQI set
2.4  Test parameters

Detailed parameters for QCL demodulation test cases were widely discussed in recent RAN4 meeting. Simulation results and analysis for the effect of timing offset and frequency offset on UE demodulation performance are provided in [2] and [3] based on the agreed simulation assumption [4]. 

Test Cases

Based on the simulation results, large performance difference between behavior A and B can be observed under high MCS levels such as 64QAM3/4 and 16QAM1/2. Furthermore, performance is more sensitive with FE and TE under high MCS levels. Regarding configurations of system channel bandwidth and RB allocation, both typical and corner cases need to be verified to ensure whole network performance. Considering FE and TE estimation accuracy is strongly related to system channel bandwidth, 10MHz and 1.4Mhz can be selected as typical case and corner case.

Proposal 5: It is proposed to introduce following test cases:

· Case 1: 10MHz/50RB with 64QAM ¾, EPA5Hz
· Case 2: 1.4MHz/6RB with 16QAM1/2, EVA5Hz
Frequency Offset and Timing Offset Values
The ranges of synchronization offset between TPs can be decided by these two sides

· Minimum value: Ensure large performance difference between Behaviour A and Behaviour B in order to verify behaviour B. 
· Maximum value: The maximum values which UE can handle under behaviour B without obvious performance loss to ensure system performance under real network.
Based on such principles, it is proposed to consider the timing offset as [-0.5us ~ 2us] and the frequency offset as [100Hz ~ 200Hz].
Propose 6: It is proposed to consider the dynamic timing offset within [-0.5us ~ 2us] and the frequency offset within [100Hz ~ 200Hz]
3 Conclusion
In this contribution, we firstly summarize RAN1’s agreements for TM10 in Rel-11.Then we analyze how to test UE implementation for QCL behaviour B and PDSCH rate matching under PDSCH demodulation test cases. Our proposals are:

Proposal 1: Introduce single demodulation test case under TM10 to verify UE correct implementation for QCL behavior B, RE mapping and rate matching.

Proposal 2: Introduce demodulation test case based on single CSI process.
Proposal 3: Scenario 2/3 can be taken as CoMP reference deployment scenario for test case design
Proposal 4: Demodulation test case is designed with dynamic DL PDSCH transmission switch between 2 TPs with multiple PQI configurations.
Proposal 5: It is proposed to consider the following bandwidth and MCS combination:

· Case 1: 10MHz/50RB with 64QAM ¾, EPA5Hz
· Case 2: 1.4MHz/6RB with 16QAM1/2, EVA5Hz
Propose 6: It is proposed to consider the dynamic timing offset within [-0.5us ~ 2us] and the frequency offset within [100Hz ~ 200Hz]
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