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1. Introduction
In the previous meetings, the considerations for DL CoMP performance requirements have been presented in [1-10]. In the last meeting, the meeting minutes in [11] listed several open issues related to demodulation tests. Based on the above information, we will further discuss the details of DL CoMP performance requirements in this paper. Additionally, some system level simulations have been performed for providing input for test configuration in the link level.
2. Discussion

Firstly, it can be noticed according to the common understanding in RAN4 that CoMP demodulation test should verify proper operation of TM10 with UE quasi-colocation Behaviour B. Based on this assumption, we further discuss some other open issues as below.
2.1 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 previous study in RAN4 (e.g., [7]) it can be noticed 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.
Based on our earlier study [10], there is no chance to use 64QAM for CoMP UEs without subframe blanking. Thus, subframe blanking from the serving cell should be required for using 64QAM to verify Behaviour B. Either MBSFN or ABS subframe blanking is for further discussion. The basics of test configuration can be illustrated in Figure 1.
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Figure 1: Basics of test configuration for CoMP demodulation performance requirements

Based on the above discussion, the following proposal is raised for discussion and approval in the group. 
Proposal 1: 64QAM with subframe blanking from the serving cell is adopted for the test configuration to verify Behaviour B.
2.2 Power Imbalance  
In the last meeting, one open issue is the setting of power difference between the serving cell and the assisting data transmission point (i.e., ∆P = serving_RxP – dataTP_RxP). Essentially, it is determined by CoMP scenario which should be selected to favour 64QAM in case of TM10 with Behaviour B. 

To find a sensible power difference value for supporting 64QAM usage in Behaviour B, system level simulations supporting DPS/DPB have been performed for Scenario 3 assuming CoMP reporting set size 2 to check the reported CQIs for the non-serving link with the hypothesis of subframe blanking from the serving cells (i.e., as illustrated in Figure 1). Two types of muted CQIs are under analysis for non-quasi-collocated cases relying on Behaviour B: 
· Macro-Pico muted CQI: reported CQI for UE-Pico link with the hypothesis of subframe blanking from the serving macro cell.
· Pico-Macro muted CQI: reported CQI for UE-Macro link with the hypothesis of subframe blanking from the serving pico cell.

The power difference setting is mainly affected by CoMP set selection criteria as well as CRE operation. For CoMP set selection, 9dB RSRP power difference between the serving cell and assisting cells are assumed in the study as the selection criteria. From the statistics and demodulation test setup perspective, ∆P ≈ RSRP_diff can be assumed so that the reported muted CQIs corresponding to different RSRP_diff categories can be collected to study the effect of the power difference on the usage of 64QAM. 

Besides, CRE would also affect the power difference due to the biased selection of the serving cell. 0dB and 9dB CRE are considered in the system simulation:

· 9dB CRE: RSRP_diff is in the range of [-9dB, 9dB]. 

· 0dB CRE (i.e., no CRE): RSRP_diff is in the range of [0, 9dB]

Firstly, it is quite unclear whether there is the need to apply CRE on CoMP. As though the traffic can be offloaded by biasing the cell selection via CRE operation, the biasing results in a weaker serving link for data transmission for CRE UEs. However, CoMP already enables offloading of the traffic to the small cells as the centralized joint scheduler may choose to schedule the UE from any of the CoMP reporting points with the proper CoMP set selection. 

To further verify the need of CRE for CoMP, the system simulations have been performed to evaluate the performance of CoMP with and without CRE assuming 9dB RSRP difference for the CoMP set selection in Scenario 3. The average performance and cell edge performance have been provided in Figure 1 and Figure 2 separately. It can be noticed that the CoMP with 9dB CRE always performs much worse than the CoMP without CRE for all evaluated CoMP schemes in terms of average performance and cell edge performance. Thus, there is no need to assume any CRE for studying the power difference.
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Figure 1. Average performance
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Figure 2. Cell edge performance


Based on the above discussion, the following proposal is raised for discussion and approval in the group. 
Proposal 2: No CRE is assumed when studying the power difference between the serving cell and the assisting data transmission point.

Meanwhile, for CoMP without CRE, the muted CQIs are collected for macro-pico UEs and pico-Macro UEs separately as shown in Table 1. It can be observed that the probability of reported muted CQI supporting 64QAM is quite small, even less than 5% in total. Further, it also shows that a UE with the more imbalanced received powers seems to be more far away from the data transmission point, accordingly less chance of using the high MCS (e.g, 64QAM) for data transmission under non-quasi-collocated operation. However, for the testing purpose to verify Behaviour B, 64QAM can still be adopted for such functional test.
Table 1. 64QAM usage corresponding to the different power difference.
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Based on the above discussion, the following proposal is raised for discussion and approval in the group. 
Proposal 3: Less than 3dB power difference between the serving cell and the assisting data transmission point is used for test setup. 
2.3 CRS configuration
Another open issue raised in the last meeting is the configuration of CRSs among the serving cell and the assisting data transmission points, colliding or non-colliding CRS assumption?
From the network aspect, either one of them can be acceptable and does not cause any extra cost or complexity for the network under CoMP operation. There are also sufficient cell sequence resources for colliding CRS configuration.
However, for UE demodulation point of view, there is a clear difference in the performance between w/wo colliding CRS assumptions. In the case of non-colliding CRS, the CRS interference on data would clearly degrade the performance, especially for the high MCSs like 64QAM. This has been noticed from the previous link level simulation results in [7]. In that sense, it may be required to assume CRS cancellation to improve the performance, which imposes extra implementation complexity and cost for a CoMP UE. Instead, if the colliding CRS can be configured, there would be no CRS interference on data. Further, the CRS itself is quite robust against the colliding CRS interference for accurate frequency estimation. As observed from the companion paper [12], there is actually no performance difference, unless the CRS power imbalance is quite large for the high MCS with 64QAM 3/4. 
On the other hand, as noted that 64QAM is purely used for testing purpose to verify Behavior B, then CRS interference handling should not be mandated under this specific functional test. Thus, MBSFN configuration or colliding CRS with less power imbalance, which minimize the CRS interference without mandating the usage of CRS cancellation, can be adopted for this test setup. This can avoid unnecessary UE implementation complexity and extra cost.
Based on the above discussion, the following proposal is raised for discussion and approval in the group. 
Proposal 4: MBSFN subframe is configured for the test setup. Alternatively, colliding CRS with less than 3dB power difference between the serving cell and the assisting data transmission point can be considered.
3. Conclusions

This contribution discussed the framework for CoMP performance requirements. The following proposals are presented for approval about the demodulation tests:
Proposal 1: 64QAM with subframe blanking from the serving cell is adopted for the test configuration to verify Behaviour B.
Proposal 2: No CRE is assumed when studying the power difference between the serving cell and the assisting data transmission point.

Proposal 3: Less than 3dB power difference between the serving cell and the assisting data transmission point is used for test setup. 
Proposal 4: MBSFN subframe is configured for the test setup. Alternatively, colliding CRS with less than 3dB power difference between the serving cell and the assisting data transmission point can be considered. 
References

[1] R4-125141, “Overview on DL CoMP demodulation test”,
Huawei, HiSilicon

[2] R4-125321, “CoMP considerations for UE demod and CSI”, Qualcomm Incorporated

[3] R4-125404, “Overview on CoMP UE demodulation and CSI reporting requirements”,
Samsung

[4] R4-125417, “CSI test cases design for CoMP”,
Samsung

[5] R4-125450, “Overview of performance for Comp”, Ericsson/ST-Ericsson
[6] R1-125051, On CQI definition, Renesas Mobile Europe Ltd

[7] R4-130097, “Simulation results for UE performance in non-quasi-colocated antenna deployments”, Renesas Mobile Europe Ltd

[8] R1-130778, “On interference averaging for CSI-IM”, Renesas Mobile Europe Ltd
[9] R4-126678, “DL CoMP Performance Requirements” , Renesas Mobile Europe Ltd
[10] R4-130761, “Consideration on DL CoMP Performance Tests”, Renesas Mobile Europe Ltd
[11] R4-130836, “Minutes for CoMP Ad Hoc”,
Samsung
[12] R4-131463, “Frequency offset estimation under CRS power imbalance”, Renesas Mobile Europe Ltd
[image: image1.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

/

A

B

S

 

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

[image: image5.png]640AM for Muted CQI case with CRE=0dB

CQl for Non-Serving Macro link by Pico-served UE CQl for non-serving Pico link by Macro-served UE
(Pico-Macro CoMP UE) (Macro-Pico CoMP UE)
RSRP_diff CoMP UE Ratio| 64QAMreporting | 64QAM CoMP repgseRg [ CoMP UE Ratio | 64QAM reporting [ 64QAM CoMP reporting
6-9dB 8.20% 5% 0.41%) 7.90%) 3% 0.24%)
3-6dB 9.20% 10% 0.92%) 8.00%) 5% 0.40%]
<=3dB 8.00% 14%| 1.12% 9.00%) 11%) 0.99%]




