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1   Background
During RAN4#85 meeting, CSI reporting requirements for FeCoMP were discussed. It was agreed to introduce NC-JT CSI reporting test case, detailed agreements are captured below [1]:
· Candidate test methodology
· Option 1: 
· Test purpose: Verify proper CRI = 2 reporting
· Fixed RI and CQI (fixed reference channel)
· Option 1: Rank 1, 16QAM, MCS 13
· Other options are not precluded
· Follow PMI
· 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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 is the throughput obtained at SNRFollowCRI under assumption of single TP transmission (TP1 transmission)
· FFS other options
In this contribution, we give our analyses and evaluations for these tests.
2   Discussion

For FeCoMP CSI tests, it is still under discussion on which kinds of CSI tests should be verified and how to define the test setup. For FeCoMP, it is agreed to introduce CRI = 2 operation, i.e.
· UE can be configured with K = 2 NZP CSI-RS resources and one CSI-IM resource 

· Two NZP CSI-RS resources are not QCL-ed with each other according to QCL Type B assumptions
· The number of antenna ports that can be configured for NZP CSI-RS resource are {1,2,4,8}
Since the two NZP CSI-RS are not QCL-ed, this kind of CSI reporting should be verified. However, the test setup should be able to differentiate with CRI = 2 and CRI = 1 otherwise the functionality cannot be verified.
In [1], option 1 for CSI reporting requirements are proposed:
· Test setup includes 2 TPs (serving TP1 and TP2)
· No time/frequency offset between the TPs
· Power imbalance between TPs is FFS 
· Colliding CRS patterns with Different Cell IDs
· Antenna configuration: 2x2 ULA Low antenna correlation (for TP1-UE and TP2-UE links)
· 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
However, if we fixed transmit power for the two TPs, UE may always report CRI = 2 and can easily pass the test. Therefore, in order to verify UE can correctly report CRI = 2, we should add the possibility of CRI = 1 in the test setup.
Proposal 1: Add the possibility of CRI = 1 in the test setup.
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Figure 1: example for CRI reporting including CRI = 1 and CRI = 2
An example of CRI distribution which UE should report is shown in Figure 1. If UE can properly report CRI values, and scheduling uses the follow CRI, then throughput gain can be reached. If UE cannot correctly report corresponding CRI values, the throughput will be worse. For example, if the best CRI for a time interval is CRI = 1, which means only use one TP is the best choice, however, UE report CRI = 2 and use two TPs with two layers, this will degrade the UE performance. This is the guideline for the set setup.
However, one may consider it is always better to use two TPs and it is impossible to report CRI = 1 because of power gain from the other TP. This is true for diversity case, but not the multiplexing case. For FeCoMP, two TPs transmit different data streams and will interfere each other, so it is not always beneficial to use two TPs.
In Figure 2, DMRS-to-layer mapping is given for two sets of QCL, which clearly shows the smallest rank is 2. If TP1 and TP2 can only support rank 1 transmission, then UE should not try to report CRI = 2.
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Figure 2: DMRS-to-layer mapping for two sets of QCL
Possible test setups

In order to meet the condition that only rank 1 is supported for TP1 and TP2, there are multiple choices:
· Option 1: set high channel correlation between TP1 and TP2
· Option 2: set the channel condition for TP2 to be very bad
· Option 3: joint consideration of option 1 and option 2

For Option 1, if the channel correlation between TP1 and TP2 is high, the data stream from TP1 and TP2 are interfered by each other resulting in small spatial degree of freedom. So only rank 1 can be supporting.
For option 2, if the channel condition for TP2 is very bad, then it cannot support another layer to be transmitted so that rank 1 is the best solution. If UE attempts to report CRI = 2, i.e. at least two layers should be supported, then the data stream from TP2 will be bad and will interfere with TP1.
For option 3, we can consider joint apply option 1 and option 2, i.e. use a medium channel correlation for TP1/TP2 and medium SNR for TP2.
Pros and Cons
For option 1, high channel correlation is too artificial and may mismatch the typical scenario. Since the distance between TP1 and TP2 may be up to 200~500m like the typical heterogeneous network with co-channel urban macro and outdoor small cell deployment shown in Figure 3. In this case, the channel correlation between TP1 and TP2 is relatively small.
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Figure 3: heterogeneous network with co-channel urban macro and outdoor small cell deployment
At the same time, TP distances for some indoor small cell deployments may be relatively small, such as 30m or 50m, and the environment may be similar as shown in Figure 4. So in this case the channel correlation between TP1 and TP2 may be medium or high.
[image: image7.emf]30

m

30m

120m

50

m


Figure 4: indoor small cell deployment
For option 2, there are some scenarios in which the link from TP2 is weak, i.e. SINR from TP2 is very low. In Figure 5, an example is given where UE is far away from TP2 and near TP1 so that SINR2 from TP2 is low and SINR1 from TP1 is high. In this case, it is not a good choice to report CRI = 2 and it is better to use only TP1 to transmit. However, in the typical implementation, this scenario is only limited to some dedicated areas which is not so common for UE.
[image: image8.png]() (e
ﬂ " R)




Figure 5: illustration for weak channel from TP2
For option 3, joint of option 1 and option 2 is considered, which is more typical and can cover more scenarios rather than some extreme conditions. For example, we can consider channel correlation factor to be a reasonable value such as 0.1 or 0.2 and set a medium SINR2 such as 0~5dB. However, the exact values should be carefully chosen to avoid CRI = 2 reporting so that more simulation efforts are needed.
Comparing option 1, option 2 and option 3, we propose to use option 3 as the baseline since performance test should consider typical implementation scenario except for satisfying the test purpose.
Proposal 2: Use option 3 and figure out typical operation scenarios.
3   Conclusion
In this contribution, we analyze CSI reporting requirements for FeCoMP and propose that:
Proposal 1: Add the possibility of CRI = 1 in the test setup.

Proposal 2: Use option 3 and figure out typical operation scenarios.
4   Reference

[1] R4-1714260, “Way forward on FeCOMP demodulation and CSI tests”, Intel Corporation, ZTE, Qualcomm, Huawei, HiSilicon, 3GPP TSG-RAN WG4 Meeting #85
[2] R4-1714482, “Simulation assumptions for FeCoMP UE demodulation”, Intel Corporation, 3GPP TSG-RAN WG4 Meeting #85
_1573996893.unknown

_1573996900.unknown

_1573996864.unknown

