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1. Introduction
In the previous meetings, the consideration for DL CoMP performance requirements has been presented in [1-5][9]. Furthermore, there has been some progress on CoMP open issues in RAN1 since the last meeting. Based on the above information, we will discuss the framework for DL CoMP performance requirements in this paper. 
2. CoMP feature group and testability

During the email discussion following the RAN1#70bis meeting, it has been agreed that CoMP feature group distinguishes DL CoMP operation with a single CSI process and DL CoMP operation with multiple CSI processes (see Table 1). The RAN1 recommendation was for feature group 7-1 to be optional with capability signalling, while for feature 7-0 RAN will decide as no consensus has been reached. 

Table 1: CoMP feature group

	#
	Feature group
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10 features)
	Consequences if the feature is not supported by the UE

	7-0
	DL CoMP operation with a single CSI process
	None
	DL CoMP operation with a single CSI process not possible 

	7-1
	DL CoMP operation with multiple CSI processes
	DL CoMP operation with a single CSI process [7-1]
	DL CoMP operation with multiple CSI processes not possible 
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From RAN4 testing perspective, both features need to be accounted for, hence it is important to understand the main differences between these features. The RAN1 capability sheet also tabulates the main feature components, which we list for simplicity in Table 2.

Table 2 CoMP feature components
	#
	Feature group
	Components

	7-0
	DL CoMP operation with a single CSI process
	1) PDSCH Transmission Mode 10 with 1 CSI process
    - Channel estimation on non-zero-power CSI-RS resource
    - Interference measurement on UE specific IMR
    - DL UE specific CSI-RS/DM-RS sequence configuration
    - Periodic/aperiodic CSI reporting
    - Downlink control signaling to support PDSCH rate matching and demodulation
    - Antenna port quasi-colocation assumptions
    - Support of 1 CSI process per CC

	7-1
	DL CoMP operation with multiple CSI processes
	1) PDSCH Transmission Mode 10 with multiple CSI processes    
    - Support of 3 or 4 CSI processes in single carrier operation based on capability signaling 
    - [FFS] Supported number of CSI processes with CA


The feature components listed in Table 2 indicate that a single CSI process feature is mainly characterized by the antenna port colocation assumptions, introduction of IMR for interference estimation and DL UE specific CSI-RS/DM-RS sequence configuration. The feature group 7-1 provides the additional support of multiple CSI processes. Hence, key components of CoMP feature are already captured by the 1 CSI process feature group. While RAN will decide on the optionality of feature 7-0, the main CoMP components are located in this feature. If this feature would become mandatory, the CoMP RAN4 testing should be constructed around feature 7-0.

Observation:

· Key components of CoMP feature are captured by feature group 7-0 with a single CSI process.
· CoMP feature testability should be constructed around one CSI process, as this is the foundation of the feature group.
3. Discussion

As mentioned in the previous section, the components associated to one CSI process feature group are the common denominator between CoMP feature groups. In the following sections we try to take into account the commonalities between the two feature groups and sketch the possible test cases in order to minimize the testing work and make use of the available synergies.

3.1 PDSCH demodulation performance test
Transmission Mode and Quasi-colocation behaviour
For the transmission modes, it has been concluded in RAN1 e-mail discussion following RAN1#70bis that 

· TM 1-9 is only supported with behaviour A 

· It is RRC-configurable between behaviours A and B1for TM10.

As behaviour B is more related to CoMP, it is natural to use TM10 configured with behaviour B for deriving the performance requirements. 

In addition, different from the other transmission mode, TM 10 can be configured with scrambling identities, 
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 by higher layers for UE-specific reference signal generation to decode PDSCH. Thus, it is sensible to use TM10 for CoMP demodulation tests.

Proposal 1: TM10 with behaviour B should be configured for the demodulation test.

Modulation Scheme
As discussed above, differentiation between Behaviour A and B should be taken into account for the design of CoMP demodulation tests. Further, according to the study in [7] it can be noted that 64QAM can better serve the purpose of differentiating Behaviour A and B in terms of the modulation scheme, due to the fact that 64QAM is more sensitive to the frequency error and timing offset. Thus, it is sensible to use 64QAM as the modulation scheme.

Proposal 2: 64QAM is adopted for the demodulation test configuration.

CoMP Scenarios
Currently, there are four CoMP scenarios, which could be considered for as a basis for test setup:

-
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.

Essentially, Scenario 2 is supporting both intra-site and inter-site CoMP, which can well cover Scenario 1 with only intra-site CoMP. For Scenario 3 and Scenario 4, the key difference is whether using a single cell ID or multiple cell IDs, i.e., the difference boils down to CRS collocation. So we can further down select the scenarios to Scenario 2 and 3/4 for further discussion.

For the CoMP testing purpose, the CoMP scenario for test setup should be selected to support the usage of 64QAM.  Thus, the system simulations have been performed to check the ratio of 64QAM reporting for CoMP UEs in the corresponding CoMP scenarios without including the effect of the implementation dependent factors such link adaption, CoMP scheduling algorithm. Both results w/wo serving cell blanking are collected in Table 3.
Table 3: Ratio of 64QAM for CoMP UE reporting w/wo serving cell blanking
	CoMP scheme
	CoMP Scenario
	Ratio of 64QAM Rank1 reporting
	Ratio of 64QAM Rank2 reporting

	Without Blanking
	Scenario 2
	4%
	0%

	
	Scenario ¾
	4%
	<1%

	With MBSFN Blanking
	Scenario 2
	25%
	5%

	
	Scenario ¾
	40%
	17%


It can be observed that there is a slim chance to use 64QAM for CoMP UEs in the case without serving cell blanking for both Scenario 2 and Scenario 3/4, because of the strong inter-cell interference between transmission points. In this case without blanking, both scenarios are not suitable for test setup.
However, in case of MBSFN blanking in the serving cell, both Scenario 2 and Scenario 3/4 can provide the good chances for using 64QAM. Thus, it seems either scenario 2 or scenario 3/4 can be taken into account for test setup as long as MBSFN blanking on the serving cell is applied. Furthermore, MBSFN blanking can also simplify the configuration for the interference levels.
More specifically, Scenario 3/4 can offer more opportunities for 64QAM Rank 2 operation than Scenario 2. In case Rank 2 is required for the test setup, Scenario 3/4 may be slightly preferred. However, so far we do not see the need for using Rank 2 transmission to verify CoMP demodulation feature.
In addition, it should be noted that there is one additional benefit to use Scenario 2 for testing. The signal levels can be set by referring to the existing advanced receiver performance requirements due to the similar deployment scenarios and the use cases (targeting the cell edge UEs). Thus, adoption of Scenario 2 for test setup can significantly reduce the workload for finding the suitable signal levels.

Further, the effect of CRS interference on data reception is also checked by the link level simulation as shown in Figure 1 [7]. It further confirms the need of MBSFN based serving cell blanking for correct demodulation of 64QAM in case of verifying Behaviour B operation.
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Figure 1: Effect of CRS interference

Besides, it should be noted that a reference CRS resource is available for frequency offset estimation in Behaviour B according to the latest agreement in RAN 1. It implies that there is zero frequency error for Scenario 4 with a single cell Id, which sounds not a practical assumption. Thus, it seems reasonable to further down select to Scenario 2 and Scenario 3.
In a short summary, the test configuration can be briefly illustrated as Figure 2.

[image: image4.emf]Serving cell

Tx Point

S

e

r

v

i

n

g

 

C

R

S

,

 

P

D

C

C

H

,

 

M

B

S

F

N

 

s

u

b

f

r

a

m

e

UE

UE

R

e

f

e

r

e

n

c

e

 

C

R

S

,  

P

D

S

C

H

,  

C

S

I

-

R

S

,

 

D

M

-

R

S

subframe

Control PartData Part


Figure 2: Basics of test configuration for CoMP demodulation performance requirements

Proposal 3: MBSFN based serving cell blanking for verifying behaviour B operation is adopted for test setup to favour the usage of 64QAM.

Proposal 4: Either Scenario 2 or Scenario 3 can be used for test setup. Scenario 2 is slightly preferred due to less work load.

Proposal 5: Rank 1 transmission is preferred for test configuration.

3.2 CSI test

For CSI test, it may be sensible to consider one CSI-IM test and one CQI test. PMI could be implicitly verified by the demodulation test with TM10. For RI, more discussion is needed on whether it is needed to verify the inheritance of RI from a reference CSI-process (in the context of feature group 7-1). While the quasi-colocation assumptions were mainly investigated so far from demodulation perspective, it is important to ensure reliable CSI estimation. Hence this should be looked into. 
A similar test configuration as the demodulation performance tests can be considered for the CQI test. Especially, the following assumptions can be considered:
· DPB (without point selection) can be verified implicitly.

· TM10 with multiple CSI process can be considered.

· Considering the test complexity, two transmission points can be used.
In addition, the current LTE specifications are stipulating that the observation interval for deriving the reported CQI values is unrestricted in time and frequency. As the CSI-RS and CSI-IM are by nature periodical, averaging over time in TM10 is possible only to limited extent. However, ensuring that no averaging over time is performed (especially for the interference part) is seen as beneficial from UE/eNodeB perspective as it allows for more robust link adaptation when handling UEs from multiple vendors in the system with practical outer-loop link adaptation algorithms. As the issue is currently discussed in RAN1 [6][8], the outcome of that discussion should be reflected in the CoMP testability. 

Proposal 6: Antenna colocation should be considered in terms of CSI accuracy, as part of feature group 7-0.

Proposal 7: One CSI-IM test and one CQI test should be considered, as part of feature group 7-0.
Proposal 8: CSI testing of feature group 7-1 should be carefully considered based on the additional differentiation from feature group 7-0, if any.

4. Conclusions

Based on the discussion on the CoMP feature groups, we can have the following observations:

· Key components of CoMP feature are captured by feature group 7-0 with a single CSI process.
· CoMP feature testability should be constructed around one CSI process, as this is the foundation of the feature group.
Further, this contribution discussed the framework for CoMP performance requirements. The following proposals are presented for approval about the demodulation tests:
Proposal 1: TM10 with behaviour B should be configured for the demodulation test.
Proposal 2: 64QAM is adopted for the demodulation test configuration.
Proposal 3: MBSFN based serving cell blanking for verifying behaviour B operation is adopted for test setup to favour the usage of 64QAM.
Proposal 4: Either Scenario 2 or Scenario 3 can be used for test setup. Scenario 2 is slightly preferred due to less work load.
Proposal 5: Rank 1 transmission is preferred for test configuration.

In addition, the proposals for CSI tests are also presented for approval as below:

Proposal 6: Antenna colocation should be considered in terms of CSI accuracy, as part of feature group 7-0.
Proposal 7: One CSI-IM test and one CQI test should be considered, as part of feature group 7-0.
Proposal 8: CSI testing of feature group 7-1 should be carefully considered based on the additional differentiation from feature group 7-0, if any.
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