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1	Introduction
Enhancements on MIMO for NR were approved to be studied and specified as part of the MIMO Enhancements WID in RAN#80 [1] and revised slightly in RAN#81 [2]. The detailed objectives for the WID are as follows [1][2]:
	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
        …



In this contribution we discuss methodologies for evaluating proposals for the above areas of enhancement.  Specifically, we discuss: 
· Evaluation methodologies for MU-MIMO enhancements 
· Evaluation methodologies for Multi-TRP/panel enhancements
· Evaluation methodologies for multi-beam operation enhancements


2	Discussion
In general, for evaluating the release 16 MIMO enhancement, it is natural using the evaluation methodologies in TS38.802 as a starting point. Since they have been agreed before NR completion, there are some parameters to be updated. In the WID, no evaluation methodologies is to be agreed for the last two items, (i.e. PAPR evaluation and full power TX in UL)
Observation 1:  Evaluation methodologies in TS38.802 can be a starting point for evaluating enhancement of the NR MIMO enhancement.

2.1	Evaluation methodologies for MU-MIMO Enhancements
The WID objective for enhancing support for MU-MIMO centers around two components: specifying overhead reduction for the Type II CSI feedback and studying and (if necessary) specifying extensions of Type II CSI to ranks higher than 2.  In this section, we discuss various considerations for assessing the benefits of proposals aimed at enhancing Type II CSI feedback. Additional details surrounding this discussion can be found in our companion contribution [3]. 
[bookmark: _Hlk525767123]When considering the baseline for comparing new proposals, the Type I and Type II CSI feedback strategies already defined in NR Rel-15 provide a relatively flexible framework for controlling the tradeoff in performance versus overhead.  For proposals aimed at overhead reduction, an important question is whether the performance and overhead characteristics of the proposal are more favorable than the alternatives that already exist in Rel-15 NR in the form of the Type I codebook and the Type II CSI feedback.  For example, a proposal that has performance and overhead similar to one of the existing Rel-15 configurations of Type II CSI feedback would not be worth supporting unless there was some other tangible benefit such as a significantly reduced implementation complexity for example.
Proposal 1:  The baseline for performance and overhead evaluations of proposals aimed at reducing the overhead of Type II CSI should be the Type I codebook in addition to the existing Type II CSI feedback configurations.
Since the primary advantage of Type II CSI feedback is for enabling high-performance MU-MIMO with advanced precoding strategies, the methodologies for evaluating overhead reductions for Type II CSI should center around scenarios where MU-MIMO will be the main driver of the performance (rather than SU-MIMO).  Higher UE densities or higher resource utilization scenarios should be considered to increase the likelihood that MU-MIMO can be used for transmission, which would then show the benefits of improving MU-MIMO performance.  When considering extensions to above-rank 2 transmission, scenarios with low utilization would presumably show benefits of supporting higher ranks for SU-MIMO transmission.  Therefore, for extensions to above rank 2 operation, a low resource utilization scenario should be used in addition to a high resource utilization scenario to insure gains can be seen in both SU-MIMO and MU-MIMO transmission schemes.  
Proposal 2: For Type II CSI overhead reduction, FTP model 1 should be used in a medium and a high resource utilization scenario as high priority (e.g., RU values of 50% and 70%).  For extensions to above rank 2 operation, FTP model 1 should be used in a low and high resource utilization scenario (e.g., 20% and 70%).

2.2	Evaluation methodologies for multi-TRP / panel enhancements
For evaluating enhancements to Multi-TRP / Multi-Panel operation, the guidance in 38.802 is a good starting point in general, but several points are worth discussing.  As part of the evaluation, different scenarios should be evaluated to determine which scenarios are likely to provide the highest gains over the baseline. The high priority scenarios for evaluation should be indoor hotspot, urban micro, and dense urban since those scenarios are expected to provide higher gains from multi-TRP/panel operation.  Also, scenarios in both FR1 and FR2 should be considered.   Multiple cooperating TRP cluster sizes should be evaluated based on RSRP/RSRQ feedback.  System level simulations should be leveraged for evaluating multi-TRP for evaluation of spectral efficiency.  FTP model 1 can be used with a low (e.g., 20% RU) and medium (e.g., 50% RU).  In the baseline for comparisons, the antenna arrays should be typical of what is expected in an NR deployment, e.g., a 16 or 32 port array.  Link level simulations can be used for evaluating enhancements for reliability and robustness for URLLC.  
Proposal 3: For evaluations of Multi-TRP/panel enhancements, consider multiple cooperating TRP cluster sizes based on RSRP/RSRQ feedback
Proposal 4: For evaluations of Multi-TRP/panel enhancements, leverage SLS for evaluating spectral efficiency with low (e.g., 20% RU) and medium (e.g., 50%) traffic loads.  Leverage LLS for evaluating enhancements for reliability and robustness for URLLC
Proposal 5: For evaluations of Multi-TRP/panel enhancements, the high priority scenarios should be indoor hotspot, urban micro and dense urban, although it should be determined in general which scenarios are likely to provide gains.  Scenarios in FR1 and FR2 should be considered.  The baseline for evaluation should be the typical antenna array expected to be deployed by NR (e.g., 16 or 32 TXRUs). 

2.3	Evaluation methodologies for multi-beam operation enhancements
For evaluating enhancements to multi-beam operation, the guidance in 38.802 is a good starting point in general. Regarding to the evaluation scenarios, dense urban and indoor scenarios can be the high priority scenarios for evaluation in both FR1 and FR2. The similar evaluation assumption with multi-TRP evaluation can be used due to the similarities of the scenarios. 
As a common framework for the beam management in FR1 and FR2, multi-beam operation based on L1-RSRP report should be a baseline for the evaluation. And, link level simulation can be used for evaluating some proposals (e.g. beam diversity) or for reducing evaluation complexity in SLS. 
Proposal 6: For evaluations of Multi-beam operation, consider L1-RSRP based operation as a baseline framework.
Proposal 7: The high priority scenarios should be dense urban for FR1 and FR2 and additionally indoor hotspot for FR2. The baseline for evaluation should be the typical antenna array expected to be deployed by NR (e.g., 16 or 32 TXRUs), and different vertical and horizontal configuration can be considered. 

3	Conclusions
In this contribution we discuss methodologies for evaluating proposals for the areas of enhancement and propose the followings.  
Observation 1:  Evaluation methodologies in TS38.802 can be a starting point for evaluating enhancement of the NR MIMO enhancement.
Proposal 1:  The baseline for performance and overhead evaluations of proposals aimed at reducing the overhead of Type II CSI should be the Type I codebook in addition to the existing Type II CSI feedback configurations.
Proposal 2: For Type II CSI overhead reduction, FTP model 1 should be used in a medium and a high resource utilization scenario as high priority (e.g., RU values of 50% and 70%).  For extensions to above rank 2 operation, FTP model 1 should be used in a low and high resource utilization scenario (e.g., 20% and 70%).
Proposal 3: For evaluations of Multi-TRP/panel enhancements, consider multiple cooperating TRP cluster sizes based on RSRP/RSRQ feedback
Proposal 4: For evaluations of Multi-TRP/panel enhancements, leverage SLS for evaluating spectral efficiency with low (e.g., 20% RU) and medium (e.g., 50%) traffic loads.  Leverage LLS for evaluating enhancements for reliability and robustness for URLLC
Proposal 5: For evaluations of Multi-TRP/panel enhancements, the high priority scenarios should be indoor hotspot, urban micro and dense urban, although it should be determined in general which scenarios are likely to provide gains.  Scenarios in FR1 and FR2 should be considered.  The baseline for evaluation should be the typical antenna array expected to be deployed by NR (e.g., 16 or 32 TXRUs). 
Proposal 6: For evaluations of Multi-beam operation, consider L1-RSRP based operation as a baseline framework.
Proposal 7: The high priority scenarios should be dense urban for FR1 and FR2 and additionally indoor hotspot for FR2. The baseline for evaluation should be the typical antenna array expected to be deployed by NR (e.g., 16 or 32 TXRUs), and different vertical and horizontal configuration can be considered. 
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