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Introduction  
In RAN1#98 some decisions have been made with significant impact on the scope of the work on MIMO in Rel-16, namely regarding support of UL transmit beam selection for Multi-Panel UEs and on addressing MPE limitations. In this contribution we analyse the impact of this RAN1 decision and the implications to scope of the WID on Enhancements on MIMO for NR. In addition, we make proposals on how to adjust the scope of the WID moving forward.

Support of Multi-Panel UEs in eMIMO WID
Multi-Panel UEs (MP-UE) has been explicitly considered for the following objective in eMIMO WID [1]:
· 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 beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

At RAN#84, it was concluded to encourage RAN1 to further progress on the support for UL transmit beam selection for multi-panel operation in the August meeting. or otherwise RAN would downscope the topic in RAN#85.  Despite the significant discussions that have taken place to define the multi-panel UEs, including some agreements reached in RAN1 to that effect, eventually in RAN1#98 the following conclusion has been reached on MP-UEs [2]:
Conclusion
On the issue of uplink transmit beam selection that facilitates UE panel specific uplink beam selection, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective. 

Given the fact RAN1 is unable to reach consensus on this objective and considering that it is unlikely the situation would change in time for conclusion of the related work, at this point of time there is little option to RAN Plenary other than endorsing the RAN1 conclusion and postpone MP-UE discussions to further release. 
Proposal: RAN Plenary to confirm conclusion in RAN1#98 on UE panel specific uplink beam selection and remove corresponding objective from Rel-16.
Implication of RAN1’s conclusion on Multi-Panel UE to other objectives
Given that there is only one quarter left for conclusion of the eMIMO WI in RAN1, it is important to understand how the RAN1 conclusion will impact support of MP-UEs in general. In other words, it needs to be understood if the conclusion is strictly limited to uplink beam selection or whether it also impacts other aspects of specification support related to MP-UEs in Rel-16.
For example, the support of non-coherent joint transmission (NCJT) Multi-TRP operation in FR2 may be impacted, as shown in Figure 1 below. This is due to the fact that in FR2 there are not many occasions where a UE would be able to receive simultaneously from two TRPs unless the UE has multiple panels, and the benefit for the network of scheduling transmission on both beams is questionable unless it knows in advance that the UE will be able to receive them. Without any UE indication/reporting of the best beams per panel, it would be hard for the network to guess which beams are suitable for the joint transmission; some pairs of beams may not be able to be received simultaneously at the UE.  
It may be claimed that Multi-TRP operation for FR2 can be solved by UE implementation, e.g. by indicating only the beams which are good for multiple panels or one beam per panel. However, these restrictions may not provide any benefit to use Multi-TRP in FR2 and may even lead to performance loss, as this would limit the scheduling flexibility of the network, and it does not solve the absence of knowledge at the gNB about a UE’s capability to receive more than one beam simultaneously, and which beams can be received simultaneously. 
Overall, panel specific beam management and reporting are needed for NCJT Multi-TRP to operate in FR2.  
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Figure 1: Multi-TRP operation in FR2. The UE cannot receive beam 1 and beam 5 at the same time with a single panel. If the UE has more active panels, it could potentially receive beams 5 and 3 at the same time, for example. 

RAN1 is also discussing TDM-based solutions (scheme 3 and scheme 4) in the context of URLLC, where the impact of MP-UE implementations is less clear. In principle it can be handled by UE implementation whether to utilize a single panel or different panels for reception of different beams in separate time slots, as long as the switching times are enough to accommodate the beam/panel changes. Hence, the conclusions from RAN1#98 do not prevent further work on TDM-based MTRP support for FR2. 
Observation: The impacts of RAN1#98’s conclusions on MP-UEs to other objectives need to be understood in order to ensure conclusion of those objectives within Rel-16 timeframe.
Observation: RAN1#98’s conclusions might make NCJT-based Multi-TRP impractical in FR2.
Observation: RAN1#98’s conclusions should not prevent the continuation of work on TDM-based Multi-TRP for URLLC, including in FR2.
Proposal: RAN Plenary should take note of how RAN1#98’s conclusions on multi-panel UEs adversely affect the ability to support NCJT Multi-TRP operation in FR2. Explicit support for multi-panel UEs in order to enable effective NCJT Multi-TRP operation in FR2 should be prioritised in the scoping of MIMO enhancements in Rel-17.

Other Multi-TRP aspects in eMIMO WID
eMMO in Rel-16 has an objective for Multi-TRP techniques for URLLC requirements.  
· 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

Under on this objective, RAN1 started studies on Multi-TRP techniques for PDSCH, PUSCH, PDCCH, and PUCCH. The following agreement was made in RAN1 #95,  
Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case
After RAN1 #95, RAN1 only focused on Multi-TRP techniques for PDSCH, and no other agreement was made for other channels. Given the limited time left in Rel-16 eMIMO discussions, it is reasonable to conclude that other channels shall not be discussed further in Rel-16, and only focus on finishing the agreed Multi-TRP schemes for PDSCH. 
Proposal: Multi-TRP techniques to handle URLLC requirements in PUSCH, PDCCH and PUCCH shall be excluded from Rel-16.

FR2 MPE not adressed in eMIMO WI
Another aspect impacted by RAN1#98’s conclusions is on the potential techniques to handle FR2 Maximum Permissible Exposure (MPE), which RAN#84 decided would be revisited in RAN#85 [3]. In this case RAN1 has however arrived at the following conclusion in RAN1#98:
Conclusion
On the issue of beam management enhancements to address MPE, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective.
While it is certainly disappointing that RAN1 was unable to follow the request from RAN4 to provide beam management support on mitigating the impacts of MPE on FR2 performance, it is expected that part of the work will continue in RAN4 given its relevance for NR deployments. 
Beam management with multi-panel UEs is one promising way to address limitations due to MPE, and it is an important topic for future MIMO work in NR. 

Summary
Proposal: RAN Plenary to confirm conclusion in RAN1#98 on UE panel specific uplink beam selection and remove corresponding objective from Rel-16.
Observation: The impacts of RAN1#98’s conclusions on MP-UEs to other objectives need to be understood in order to ensure conclusion of those objectives within Rel-16 timeframe.
Observation: RAN1#98’s conclusions might make NCJT-based Multi-TRP impractical in FR2.
Observation: RAN1#98’s conclusions should not prevent the continuation of work on TDM-based Multi-TRP for URLLC, including in FR2.
Proposal: RAN Plenary should take note of how RAN1#98’s conclusions on multi-panel UEs adversely affect the ability to support NCJT Multi-TRP operation in FR2. Explicit support for multi-panel UEs in order to enable effective NCJT Multi-TRP operation in FR2 should be prioritised in the scoping of MIMO enhancements in Rel-17.
Proposal: Multi-TRP techniques to handle URLLC requirements in PUSCH, PDCCH and PUCCH shall be excluded from Rel-16.
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