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Discussion
1      Introduction
In RAN Plenary #80 meeting, a new WI on NR MIMO enhancement was approved [1]. The scope of this WID was revised in RAN Plenary #81 meeting [2]. The objectives for enhancements on multi-beam operation are as follows, 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
Although Rel-15 NR MIMO provisionally accommodates multi-TRP/panel operation, the supported features are limited to standard-transparent transmission operations and small number of TRPs/panels. In 3GPP RAN1 #95[3], the conclusion about the identifier (ID) that can be used at least for indicating panel-specific UL transmission was reached as below:
Agreement
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS.
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission
In the beam management L1/L2 procedures proposed in Rel-15, one or multiple TRPs were taken into consideration, while one or multiple panels were not considered. In this contribution, we discuss and clarify UL beam management for multi-panel transmission and add UE panel ID into beam reporting information for UL transmission. 
2      UL beam management for multi-panel UE
With the number of TRPs and panels increasing in NR FR2, the number of Tx beams and Rx beams becomes larger accordingly which brings high complexity and latency for beam measurement. Thus, it is important to take latency and overhead reduction into consideration for beam management. In UL L1/L2 beam management procedures for multi-panel UE, panel selection should be taken into consideration for reducing latency. This idea turns the optimal solution to find the best beam pair link into the sub-optimal solution for the purpose of reducing complexity and latency. If beam management is done for each individual panel, the overheads of beam measurement and reporting per each Tx panel is very high and not necessary. With panel selection, the number of sweeping Tx beams can be reduced and the latency of beam sweeping is reduced accordingly.
Observation 1: In the UL L1/L2 beam management procedures for multi-panel transmission, panel selection should be taken into consideration for latency reduction. 

Regarding the usages of UE’s panel ID for UL transmission, there are three options has been discussed among some companies. Option 1 is used by TRP’s signalling and/or UE’s reporting; option 2 is used by UL BM for panel switching; option 3 is to support activating or deactivating UE panels, which may be used by UE power saving. And we propose another option for UE’s panel ID usages: provide assistance for TRP resource allocation, e.g., SRS resource or set, SSB/CIS-RS resource.
Observation 2: Usages of UE’s panel ID:

· Option 1: used by TRP’s signalling and/or UE’s reporting
· Option 2: used by UL BM for panel switching 
· Option 3: support activating or deactivating UE panels 
· Option 4: provide assistance for TRP resource allocation, e.g., SRS resource or set, SSB/CIS-RS resource
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported. For UL multi-panel transmission, when multiple active UE panels transmit signals at the same time, UE needs to inform TRP of UE’s panel ID for TRP’s measurement. And it is beneficial for beam selection and active UE panels (Npanel) selection for transmitting signals simultaneously. In this situation, TRP should firstly know the total number of UE panels (Mpanel) which depends on UE capability. And the number of active UE panels (Npanel) could be determined by UE capability and TRP’s configuration jointly to make a compromise on system performance and latency. TRP’s configuration is based on Tx panel selection. Apparently, it should be satisfied with Npanel <= Mpanel.
Proposal 1: The total number of UE Tx panels (Mpanel) should be reported to TRP.
Proposal 2: The number of active UE panels (Npanel) could be determined by UE capability and TRP’s configuration jointly to make a compromise on system performance and latency, Npanel <= Mpanel.
Proposal 3: For UL beam management, the UE Tx panel ID information should be reported for TRP measurement to optimize beam selection. 
In order to illustrate above mentioned signalling procedures between TRP and UE for Tx panel selection, Figure 1 will be drawn below:
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Figure 1 Tx panel selection procedure for multi-panel UL transmission
Based on UL L1/L2 beam management procedures, step U-0 is introduced for the panel selection of UL multi-panel transmission. This mechanism could reduce latency and complexity. The proposed UL BM procedures are as follows.
Proposal 4: The following UL L1/L2 beam management procedures are supported within one or multiple panels:
· U-0: is used to enable TRP measurement on different UE Tx panels to support selection of UE Tx panel(s)
· This is not necessarily useful in all cases, e.g.., when the number of active UE Tx panel is 1.
· U-1: is used to enable TRP measurement on different UE Tx beams in the selected Tx panel(s) to support selection of UE Tx beams/TRP Rx beam(s)
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the selected Tx panel(s) in the case UE uses beamforming
3      Conclusion
In this contribution, we discuss and clarify UL beam management for multi-panel transmission and add the UE panel ID into beam reporting information for UL transmission.
Observation 1: In the UL L1/L2 beam management procedures for multi-panel transmission, panel selection should be taken into consideration for latency reduction. 

Observation 2: Usages of UE’s panel ID:

· Option 1: used by TRP’s signalling and/or UE’s reporting
· Option 2: used by UL BM for panel switching 
· Option 3: support activating or deactivating UE panels 
· Option 4: give assistance for TRP resource allocation，i.e., SRS resource or set, SSB/CIS-RS resource
Proposal 1: The total number of UE Tx panels (Mpanel) should be reported to TRP.

Proposal 2: The number of active UE panels (Npanel) could be determined by UE capability and TRP’s configuration jointly to make a compromise on system performance and latency, Npanel <= Mpanel.
Proposal 3: For UL beam management, the UE Tx panel ID information should be reported for TRP measurement to optimize beam selection. 

Proposal 4: The following UL L1/L2 beam management procedures are supported within one or multiple panels:
· U-0: is used to enable TRP measurement on different UE Tx panels to support selection of UE Tx panel(s)

· This is not necessarily useful in all cases, i.e., when the number of active UE Tx panel is 1.
· U-1: is used to enable TRP measurement on different UE Tx beams in the selected Tx panel(s) to support selection of UE Tx beams/TRP Rx beam(s)
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the selected Tx panel(s) in the case UE uses beamforming
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