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1   Background
Regarding to the enhanced Type II codebook PMI reporting test, the test setup is still undetermined. Companies have different views on which test setup to use for testing Type II codebook PMI reporting. Besides, parameter configurations are discussed separately under each test setup. 
Since the issue of choosing one of the test setup is discussed under the eMIMO WI as well, and to avoid duplicate discussion, we will discuss this issue only in this contribution by firstly share some simulation results, then analyze from different points of view, and finally give our proposals. 
In this contribution, we would like to share our views on the test setup choosing and parameter configuration for enhanced Type II codebook PMI reporting test. 
2   Discussion
2.1   Test setup
Companies have different views on whether to define test cases and requirements for (e)Type II codebook PMI reporting test under the condition of MU-MIMO. According to the agreed Way Forward [1], there are two options:
	· Test setup:
· Option 1: Only use SU-MIMO test setup, i.e., one tested UE
· Option 2: MU-MIMO based test setup,  i.e., one tested UE + one co-scheduled UE (generated by TE)


For test setup, there are only limited agreements or rather common understanding are reached:

	· The baseline receiver assumption is UE without interference cancellation capability with/without co-scheduled UE.

· Under the baseline UE receiver assumption, the PMI calculation processing will not change with and without co-scheduled UE.

· TE vendors are encouraged to provide feedback for the test feasibility of MU-MIMO test setup. 

· Proponents for each option need to provide technical analysis for how the test set-up can guarantee UE PMI reporting requirements with enhanced type II codebook for its intended purpose.


Since this issue is related to both Rel-15 and Rel-16 Type II codebook PMI reporting, we combine the discussion of test setup here to avoid duplicate discussion.
One comment related to the judgement of test setup is that ‘A SU-MIMO test cannot be used for Type II CSI reporting since the performance benefit of Type II feedback is not visible’. In this case, we have run some simulations to see if there is indeed negligible gain for Type II follow PMI over Type I follow PMI. 
Please see the figure below:
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Figure 2.1-1 Performance difference between Type I single panel and Type II under SU-MIMO
From the figure above we can observed that for SU-MIMO test setup, the performance of Follow PMI for Type II has an obvious gain over Follow PMI for Type I single panel which cannot be ignored. Approximately 2dB gain under the correlation of XP medium. 
Observation 1: For SU-MIMO test setup, the performance of Follow PMI for Type II has an obvious gain over Follow PMI for Type I single panel
We believe that there is another company showed their results in the last RAN4 #95-e meeting with same observation. Thus, it is hard to say that only using MU-MIMO test setup can observe the gain. 
Besides the gain issue mentioned above, there are other aspects need to be considered. There are two common understandings agreed in the last meeting after GTW session discussion:

	1. It’s RAN4 common understanding under the baseline UE receiver assumption, the PMI calculation processing will not been changed with and without co-schedule UE for Rel-16 test cases (for both Rel-15/Rel-16 Type II codebook test cases).
2. It’s RAN4 common understanding when defining requirements; the baseline receiver assumption is UE without interference cancellation capability with/without co-schedule UE for Rel-16 test cases. 


One important feature for MU-MIMO is the UE ability of eliminating the interference brought by co-scheduled UE. While under the condition of these two understanding, UE will do nothing with interference and also there might be no differences in UE procedure of PMI calculating, which we could interpret it into no difference in UE behavior for either MU-MIMO or SU-MIMO test setup. Without interference elimination, MU-MIMO test setup seems meaningless. Note that there will be a new WI of Advance Receiver in Rel-17 which will mainly focus on the interference elimination on UE receiver. It is believed advanced receivers like MMSE-IRC is fundamental to MU-MIMO. Thus, companies could consider at that time to define several scenarios including (e) Type II codebook PMI reporting to test the real MU-MIMO ability of UE.
Another thing is that in eMIMO WI, the main purpose of define test cases for CSI part is to verify enhanced Type II codebook in PMI reporting, to verify whether UE support and how well it can support. It is enough for achieving this purpose using SU-MIMO test setup, and testing under SU-MIMO condition is much easier and simple for modeling. 
There is another possible concern we would like to share is that if MU-MIMO is the test setup and if the test metric for Type II codebook PMI reporting test is defined as the legacy (Follow PMI TP / Random PMI TP at SNR of 90% max TP):
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Then, one possible DUT implementing one of the advanced receiver may achieve worse TP ratio than that without advanced receiver, which is due to the huge compensate for random PMI throughput by advanced receiver. 

Therefore, considering several possible concerns mentioned above, we would prefer still using SU-MIMO for Type II codebook PMI reporting test setup. 
Proposal 1: Using SU-MIMO test setup for Rel-15/Rel-16 Type II codebook PMI reporting test
On the other side, we observed that there is indeed significant gain of TP ratio while using MU-MIMO test setup in one company’s paper. Meanwhile, we see that there are broad demands from different operators in testing MU-MIMO. We come up with an alternative option that maybe we can have a demodulation requirements using MU-MIMO test setup. The test metric could be the throughput, and to further discuss either it is based on the follow PMI or random PMI of Type II codebook. In this case, firstly the demand of MU-MIMO test setup is fulfilled. Secondly, there will be no harm in requirements for UE that achieved the advanced receiver. Thirdly, Type II codebook based PMI reporting can be verified in a more explicit way. 
Therefore, we encourage companies to consider the possibility of having a MU-MIMO setup based demodulation test. 
Proposal 2: Consider having a MU-MIMO setup based demodulation test with test metric of either follow PMI based or random PMI based Throughput
2.2   Parameter configuration for SU-MIMO test setup

When considering parameter configuration under SU-MIMO test setup, we agree to all the baseline configurations and to use them for simulation campaign. 
Sub-band Size

There are two options:
	· Option 1:

· 4 for FDD with 15kHz SCS, 10MHz CBW

· 8 for TDD with 30kHz SCS, 40MHz CBW

· Option 2:

· 8 for FDD with 15kHz SCS, 10MHz CBW

· 16 for TDD with 30kHz SCS, 40MHz CBW


Option 2 has been used in previous test cases. Meanwhile it is true that smaller subband size provided by option 1 will result in more number of subband, which may lead to better compression. We don’t have strong view on either options but we’re a little bit curious about whether the better compression can be seen through demodulation performance. 
Proposal 3: Take either option 1 or 2 for Sub-band Size configuration for SU-MIMO
Beam-Steering Model

In last meeting, companies agreed that configure only two beams in beam steering model for Rel-16 Type II test cases, and yet FFS on how to specify beam steering model into specification. See the agreement below:
	· Beam-Steering Model

· Configure only two beams in beam steering model for Rel-16 Type II test cases.

· FFS how to specify beam steering model into specification. 

· Option 1: Same as specified in B.2.3B.4A of TS 36.101

· Option 2: Specify using generic number of beams.


Extending to the Beam steering model that can be configured with L>2 is preferable. The existing steering model as specified in B.2.3B.4A of TS 36.101 is dual-beam direction. As we may increase the L numbers in Type II/Enhanced Type II codebook for potential need in future release, introducing a new beam model with L number configurable is more convenient for testing. In this case, we support to introduce beam steering model with configurable number of beams into specification.
Proposal 4: Introduce beam steering model and specify using generic number of beams
MIMO correlation

Companies agreed to down-select to one option based on simulation results in the next meeting between following options:
	· MIMO Correlation

· Option 1: XP High

· Option 2: XP Medium


MIMO correlation of XP High has been used in Type I single panel test cases. While according to the simulation results of figure 2.1-1, using XP Medium can achieve bigger differences in performance when configuring different parameters. Thus, we slightly prefer to use XP Medium for MIMO correlation configuration.  
Proposal 5: Take either XP High or XP Medium but slightly prefer XP Medium for MIMO correlation configuration for SU-MIMO
2.3   Demodulation requirement of MU-MIMO test setup

As mentioned in sub-section 2.1, companies can consider to have a demodulation test case using MU-MIMO test setup. In this sub-section, we would like to share more views on this proposal. 
Our proposal means that except testing PMI reporting for Type II codebook, we can have another test case that mainly focuses on absolute throughput. Adding a PDSCH test case and performance requirement is preferable. Currently, PDSCH performance requirements in 38.101-4 are all based on random PMI. For the specific proposed test case, it can be considered to use follow PMI for reporting and to see the throughput. 
Simulation procedure is similar to proposed Type II codebook based PMI reporting test under MU-MIMO. Co-scheduled UE is added and brings interference to the tested UE, which calculates the Type II codebook based PMI value that is different from that of SU-MIMO setup and reports them to the gNB. Then, gNB applies Zero-forcing or other scheduling mode to try to eliminate the interference and transmit PDSCH+DMRS to both UEs. Performance requirement will be the proper value of 90% throughput of tested UE while throughput of co-scheduled UE will not be counted. 
If this demodulation requirement can be considered, proposed scheduling parameters for MU-MIMO in Way forward [1] can be simply transfer to this discussion.
3   Conclusion 
In this contribution, we first discussed the test setup selecting between SU-MIMO and MU-MIMO, and then share our views on test parameter configurations under SU-MIMO test setup. Finally, we analyze the possibility of having a demodulation requirement under MU-MIMO test setup. 
In conclusion, after the analysis we propose the following:

Observation 1: For SU-MIMO test setup, the performance of Follow PMI for Type II has an obvious gain over Follow PMI for Type I single panel
Proposal 1: Using SU-MIMO test setup for Rel-15/Rel-16 Type II codebook PMI reporting test
Proposal 2: Consider having a MU-MIMO setup based demodulation test with test metric of either follow PMI based or random PMI based Throughput
Proposal 3: Take either option 1 or 2 for Sub-band Size configuration for SU-MIMO
Proposal 4: Introduce beam steering model and specify using generic number of beams
Proposal 5: Take either XP High or XP Medium but slightly prefer XP Medium for MIMO correlation configuration for SU-MIMO
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