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1. Introduction

In RAN4 #86 meeting a WF on FeCoMP UE performance requirements was agreed [1]. The following agreements on the CSI reporting requirements were made:

	· Antenna configuration: 2x2 ULA Low antenna correlation (for TP1-UE and TP2-UE links)

· Test setup includes 2 TPs (serving TP1 and TP2)

· No time/frequency offset between the TPs

· Colliding CRS patterns with Different Cell IDs

· CSI reporting

· UE is configured with K = 2 NZP CSI-RS resources and one CSI-IM resource 

· 2 CSI-RS antenna ports are configured for each NZP CSI-RS resource

· ZP CSI-RS configurations are aligned among TPs

· Aperiodic CSI reporting

· Companies are encouraged to provide simulation results and view on CSI requirements options from slides 4-5.

· Downselection will be made in the next RAN4 meeting (RAN4 #86bis)

· Option 1:

· CSI reporting assumptions:

· Fixed RI and CQI per TP (fixed reference channel): Rank 1, 16QAM, MCS 13

· Follow PMI and CRI

· Equal power between TPs

· Test purpose: Verify proper CRI reporting

· Test metrics:

· Use the following metrics:
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 is [X] % of the maximum throughput obtained at SNRFollowCRI using the CRI configured according to the CSI UE report
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· Option 2:

· CSI reporting assumptions:

· Fixed RI and CQI per TP (fixed reference channel): Rank 1, 16QAM, MCS 13

· Follow PMI and CRI

· FFS power imbalance between TPs

· Test purpose: Verify proper CRI reporting

· Test metrics:

· Use the following metrics:
· 
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 is the throughput obtained at SNRFixedTP1 using the CRI configured according to the CSI UE report

· 
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 is [X] % of the maximum throughput obtained at SNRFixedTP1 under assumption of single TP transmission (TP1 transmission) 

· FFS other details (how many test points needed, etc. )




In this paper we provide our view on the FeCoMP CSI reporting test case design and provide simulation results.
2. Discussion
In the previous RAN4 meeting two candidate approaches for CSI reporting requirements test setup were identified:
· Option 1:

· Fixed RI and CQI per TP (fixed reference channel): Rank 1, 16QAM, MCS 13

· Follow PMI and CRI

· Equal power between TPs

· Option 2: 

· Fixed RI and CQI per TP (fixed reference channel): Rank 1, 16QAM, MCS 13

· Follow PMI and CRI

· FFS power imbalance between TPs
In particular, it was observed that the Option 1 fits well to verify that UE can perform proper CRI = 2 reporting (i.e. NC JT hypothesis). Meantime, several concerns that UE may always report CRI = 2 and still pass the requirements were raised. Therefore, an additional methodology was discussed and Option 2 was proposed with the intention to verify UE performance under certain power imbalance assumptions. The main idea behind Option 2 was to find the test conditions, where CRI 0 or CRI 1 (DPS) would provide quite good performance improvement over CRI = 2 (NC JT).

In Section 3 we provide simulation results for different options. It may be observed that for all power imbalance values NC JT scheme (i.e. CRI 2) provides testable performance improvement in comparison with fixed TP transmission (CRI 0 or CRI 1) for med-high SNR regions. Therefore, verification of CRI = 2 reporting performance is quite straightforward. It was also observed for low SNR region single TP transmissions provide performance improvement over NC JT case, especially for the scenarios with large power imbalance between the TPs. However, the overall performance improvement is rather limited and hard to be tested. Therefore, we recommend to define a single test which will focus on the verification of UE performance for CRI = 2 reporting (NC JT).

Proposal #1:
Define a single FeCoMP CSI reporting test to verify proper CRI 2 reporting based on Option 1 in R4-1803108
Taking into account the simulation results in Section 3 and the agreed simulation assumptions for 2x2 FeCoMP demodulation test cases we propose the following FeCoMP CSI reporting test setup:
· 2x2 antenna configuration with ULA Low antenna correlation

· Test setup includes 2 TPs

· TP1 is the serving TP

· TP2 is the booster TP

· No time/frequency offset between the TPs

· 0dB power imbalance between TPs

· Colliding CRS patterns with Different Cell IDs

· Maximum number of HARQ transmissions = 1 (use similar assumption from existing CQI and RI tests)

· FDD and TDD modes

· TDD UL/DL configuration 2 and special subframe type 4.
· CSI reporting

· UE is configured with K=2 NZP CSI-RS resources and one CSI-IM resource
· Each NZP CSI-RS resource is configured with codebook subset restriction “001111”
· 2 CSI-RS antenna ports that are configured for each NZP CSI-RS resource
· ZP CSI-RS configurations are aligned among TPs

· Test setup is chosen in a way to maximize the probability of CRI = 2 (NC-JT) reporting

· Assumption on other CSI parameter

· Fixed RI and CQI (fixed reference channel): Rank 1, 16QAM, MCS 13
· Follow PMI
· Aperiodic CSI reporting is used
· Test method / metrics
· The following metrics is considered
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· X = 90% of the maximum throughput
· γ = [1.6]

Proposal #2:
Use the following NC-JT CSI reporting test setup

· 2x2 antenna configuration with ULA Low antenna correlation
· Test setup includes 2 TPs (serving and booster)
i. No time/frequency offset between the TPs

ii. Equal power between TPs
iii. Colliding CRS patterns with Different Cell IDs

· CSI reporting

i. UE is configured with K=2 NZP CSI-RS resources and one CSI-IM resource
ii. Codebook subset restriction per NZP CSI-RS resource: 001111
iii. Aperiodic CSI reporting

· Fixed RI and CQI (MCS). Follow PMI.

· TDD mode: UL/DL configuration 2 and special subframe type 4
· Test requirement: 

i. Throughput ratio between follow CRI and fixed CRI: γ = TFollowCRI/TFixedTP1 = [1.6]

ii. SNR point for requirements based on [90]% of the maximum throughput using the CRI configured according to the UE reports
3. Simulation results

In this section we provide link level simulation results (Figure 1) for the following sub-scenarios:
· Fixed TP1 transmission + TP2 blanking (“Fixed CRI0”)

· Fixed TP2 transmission + TP1 blanking (“Fixed CRI1”)

· Fixed TP1 + TP2 NC-JT (“Fixed CRI2”)

· Adaptive CRI selection based on UE feedback (“Follow CRI”)

The following metrics is analysed:
· Throughput performance
· Throughput ratio metric
· Metric #1:
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· Metric 2:
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We also consider different SNR points to find more testable conditions: 

· SNR @ [70, 80, 90]% of max “Follow CRI” T-Put for Metric 1
· SNR @ [70, 80, 90]% of max “Fixed CRI0” T-Put for Metric 2
	Power imbalance 0 dB
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	Power imbalance 3 dB
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	Power imbalance 6 dB
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	Power imbalance 9 dB
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	Power imbalance 12 dB
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	Figure 1. Simulation results


Observation: 

· If UE always reports CRI 2 then the PDSCH performance is rather close to the case with “Follow CRI” and “Fixed CRI0” (i.e. throughput ratio is close to 1) for test points in low SNR region (4-6 dB)
· “Follow CRI” provides testable performance improvement in comparison with “Fixed CRI0” for test points in medium-high SNR region (7 – 20 dB)
· SNR @ 70% of max Follow CRI T-put γ=1.4
· SNR @ 80% of max Follow CRI T-put γ=1.6
· SNR @ 90% of max Follow CRI T-put γ=1.8
4. Conclusions

In this contribution we provided views on the target FeCoMP UE CSI reporting requirements. In summary, we make the following proposals:
Proposal #1:
Define a single FeCoMP CSI reporting test to verify proper CRI 2 reporting based on Option 1 in R4-1803108
Proposal #2:
Use the following NC-JT CSI reporting test setup

· 2x2 antenna configuration with ULA Low antenna correlation
· Test setup includes 2 TPs (serving and booster)
i. No time/frequency offset between the TPs

ii. Equal power between TPs
iii. Colliding CRS patterns with Different Cell IDs

· CSI reporting

i. UE is configured with K=2 NZP CSI-RS resources and one CSI-IM resource
ii. Codebook subset restriction per NZP CSI-RS resource: 001111
iii. Aperiodic CSI reporting

· Fixed RI and CQI (MCS). Follow PMI.

· TDD mode: UL/DL configuration 2 and special subframe type 4
· Test requirement: 

i. Throughput ratio between follow CRI and fixed CRI: γ = TFollowCRI/TFixedTP1 = [1.6]

ii. SNR point for requirements based on [90]% of the maximum throughput using the CRI configured according to the UE reports
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