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1   Background
In the discussion of enhanced Type II codebook based PMI reporting test of eMIMO, few agreements were reached in the last meeting according to the agreed Way forward [1]. The test setup for both eType II and Type II codebook was still undetermined, since both SU-MIMO and MU-MIMO received comparative amount of proponents. One reason for finding hard to go with MU-MIMO test setup is that the simulation assumption is complicated and controversial. 
In this contribution, we would like to share our views on open issues of eType II codebook based PMI reporting test and give our proposals based on our simulation results.
2   Discussion
2.1   Test setup for (e) Type II codebook
Companies have different views on how to determine the test setup for both Type II and eType II codebook based PMI reporting test. Among the discussion and based on the agreed Way Forward [1], there are three 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)
· Option 3: Using SU-MIMO set-up to Introduce PMI test cases. Meanwhile a MU-MIMO setup based demodulation test with test metric of either follow PMI based or random PMI based throughput can be introduced 


Meanwhile, companies have reached several assumptions for how to defining the test case. First is to assume that UE will not deal with the interference no matter with or without co-scheduled UE. Thus, it is reasonable to obtain that the PMI calculation processing will not change with and without co-scheduled UE. In the same time, the test purpose for (e) Type II test cases is clarified as to verify UE PMI reporting accuracy following NW configuration with RAN1 feature: enhanced type II codebook. 

Besides those agreed assumptions, there are more conditions that have been reached to constrain the (e) Type II codebook based PMI reporting test:
	· There is no restriction for gNB scheduling with such requirements. 

· RAN4 need to ensure UE reporting PMI follow Type II codebook other than Type I codebook under proper test set-up either with MU-MIMO set-up or SU-MIMO set-up.

· We need to ensure the performance requirements with proper test set-up as receiver implementation agonistic manner i.e. no punishment for advanced receiver with inference cancellation capability.


Since this issue is related to both Rel-15 Type II codebook and Rel-16 eType II codebook PMI reporting, we combine the discussion of test setup here to avoid duplicate discussion.
Our consideration is that either using SU-MIMO or MU-MIMO has its own pros and cons, which leads to the decision extremely hard to make.

· SU-MIMO

· Pros: Straight forward way to verify the UE demodulation process of PMI calculating and reporting. 
· Cons: SU-MIMO is not the most used scenario for Type II or eType II codebook based PMI reporting.
· MU-MIMO

· Pros: Close to the real scenario of using Type II or eType II codebook based PMI reporting.
· Cons: Hard to implement in testing.

Based on that, we have proposed before and will be still going to support option 3, which is to use SU-MIMO test setup for PMI test cases and introduce another demodulation test case based on MU-MIMO test setup, for this option is trying to cover the pros of both SU-MIMO and MU-MIMO as much as possible.  

There are four reasons for us to support using SU-MIMO for (e) Type II codebook PMI reporting test:
1. Significant gain of Type II over Type I under SU-MIMO

One possible disadvantage for SU-MIMO mentioned in the past meetings is that the DUT may fake and pass the Type II or eType II test by using Type I codebook PMI reporting instead if there is no enough gap between the performance of Type I and (e) Type II codebook reporting test. 

In this case, we are trying to figure out how much the gain of Type II over Type I codebook by running some simulations to see the performance. 

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 has been observed 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 are other companies showed their results in the past meetings with the same observation. Thus, we can conclude that under the SU-MIMO test setup condition, the performance of Type II codebook has an obvious gain over that of Type I codebook. 
2. SU-MIMO is simple and wildly used
As we know, SU-MIMO test setup has always been wildly used as a typical testing scenario in the past demodulation requirement definitions. The related test parameters are familiar to everyone, and the test process is clear for TE vendors as well. Therefore, using SU-MIMO to complete the test is a more stable way and easier for test implementation. 
3. SU-MIMO parameters are all settled

After several meetings discussion, the testing parameter configurations, including some of the most controversial issues like the number of CSI-RS ports, MIMO correlation and how to specify the beam steering model into specification, are finally all settled in the RAN4 #96-e meeting, Thus, choosing SU-MIMO is a more reliable way of testing Type II PMI reporting process and finalize the requirement within the eMIMO WI finishing time.
4. The goal of testing Type II codebook based PMI reporting can be reached
The goal of defining performance requirements for Type II and eType II codebook based PMI reporting is to verify the accuracy of calculating and reporting Type II codebook following Network configuration. So the simplest way of testing it is to configure this DUT as what we want to test and analyze the result. SU-MIMO test setup contains only the DUT, and if the result of DUT reaches the requirement of what companies are going to set, which is different or even has an obvious gap from the requirement of Type I codebook, then we will treat it as passed. So SU-MIMO test setup can fulfill the goal. 
On the other hand, there are also four reasons why MU-MIMO is not very suitable for PMI reporting test in Rel-16:

1. Without interference cancellation

At the very beginning of the discussion of test setup, when MU-MIMO was first brought into this discussion, companies had reached an agreement saying that: 
	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. 


Based on that, the interference cancellation had been already eliminated from consideration. 

It is known that one of the most important features 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. 
2. Assumptions and parameter configurations still undetermined and no time left
After several meetings discussion, many test parameter configurations for MU-MIMO test setup are still undetermined. Even more new parameters or assumptions keep shown up while in discussion. Considering this meeting is the scheduled last meeting for eMIMO WI, it is encouraged to select a more stable test setup to implement the test and to finish the WI in time.  
3. TE vendors think it is not feasible in Rel-16

In the last meeting of RAN4 #96-e, one of the TE vendors was invited into the discussion and expressed their views on the test feasibility of MU-MIMO setup. While in the GTW session, the TE vendor made themselves clear that implementing the MU-MIMO test setup for PMI reporting test is not feasible at least in Rel-16.  Of course, we are not encouraged to define requirements that cannot be tested. 
4. New scenario in Rel-17

After the meeting of RAN #89-e in September, there will be a new WI containing Advance Receiver topic 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.

Besides, there are two reasons to support option 3:

1. Potential harm to the implementation using advanced receiver

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. 

While in option 3, there will be no such worries since the demodulation performance requirement will never harm the one using advanced receiver. 
2. Compromising way of testing PMI by SU-MIMO and not give up on MU-MIMO test setup in Rel-16
Based on our analysis, SU-MIMO is simple, straightforward and can reach the testing goal. Meanwhile, we also see that there are broad demands from different operators in testing MU-MIMO. A compromising way for this issue is to test the (e) Type II codebook based PMI reporting under SU-MIMO test setup, and to have a new demodulation requirements using MU-MIMO test setup. The test metric could be the SNR point of 70% maximum throughput. 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. 

In a word, we can conclude that based on the above discussion, we prefer option 3 to move forward and to continue the discussion of simulation assumptions and parameter configurations for DUT, co-scheduled UE and for the base station in this meeting. 

Proposal 1: Option 3 for the test setup of (e) Type II codebook based PMI reporting test

For more detail simulation assumption discussion please refer to the next sub-clause. 
2.2   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.
Test metric

The test metric can be the traditional PDSCH requirement test metric that is the SNR point of 70% maximum throughput.

Channel model for co-scheduled UE

Option 1 seems fine, to have a spatial separation between the DUT and co-scheduled UE. 
DCI value for antenna mapping

This can be further decided based on the simulation results. 

Scheduling mode

Zero-forcing is a wild used method for cancelling the interference at the gNB. 
Scheduling model for a new PDSCH performance requirement can reuse the one agreed in PMI discussion that the transmitted signal modelling can be:
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Meanwhile the W can be:
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 is the orthogonalized and normalised [image: image8.png]
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 is the normalized projection of the co-scheduled PMI on the null space of [image: image12.png]
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can be:


[image: image14]
Initial simulation assumption

Here we also provide the initial candidate simulation assumption for the new PDSCH requirement based on the MU-MIMO test setup:

Table 2.2-1 Simulation assumption for PDSCH requirement under MU-MIMO

	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	NZP CSI-RS for CSI acquisition
	OFDM symbols in the PRB used for CSI-RS
	
	l0 = 13

	
	CSI-RS periodicity
	Slots
	5

	ZP CSI-RS for CSI acquisition
	Subcarrier index in the PRB used for CSI-RS
	
	(k0, k1, k2, k3)=(2, 4, 6, 8)

	
	Number of CSI-RS ports (X)
	
	8

	
	CSI-RS periodicity
	Slots
	5

	Number of HARQ Processes
	
	4

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2

	Scheduling mode
	
	Zero-forcing

	PMI reporting for DUT
	
	Random (e) Type II codebook

	PMI reporting for co-scheduled UE
	
	Random PMI / Fixed PMI


Table 2.2-2 Minimum requirement for PDSCH under MU-MIMO

	Test num.
	Duplex mode
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	FDD
	10 / 15
	64QAM, 0.5
	TDLA30-10
	2x2, ULA Low
	70
	

	1-2
	FDD
	10 / 15
	64QAM, 0.5
	TDLA30-10
	2x4, ULA Low
	70
	


Note that this is an initial simulation assumption for further discussion. 
Companies can consider the possibility of introducing this new PDSCH requirement and discuss further the simulation assumptions and parameter configurations. 

Proposal 2: Consider proposed simulation assumption for the PDSCH requirement under the test setup of MU-MIMO
3   Conclusion 
In this contribution, we discussed and share our views on selecting which test setup for (e) Type II codebook based PMI reporting test. Then we give our proposed initial simulation assumption for a PDSCH performance requirement under MU-MIMO test setup and discuss the possibility of introducing it as a compromising way of this test setup discussion.  
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: Option 3 for the test setup of (e) Type II codebook based PMI reporting test
Proposal 2: Consider proposed simulation assumption for the PDSCH requirement under the test setup of MU-MIMO
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