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Introduction
Multiple UE-panel operation supports multi-panel downlink reception at different UE panels from one or more TRPs as well as panel-specific uplink transmission from different UE panels. In particular, it is agreed that Rel-16 will support an ID for indicating panel-specific UL transmission such as using UL-TCI state framework or introducing a panel-ID. 
Agreement (RAN1 #95) [1]
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


Agreement (RAN1 #97) [2]
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.


Uplink power control (PC) considerations need to be taken into account for multi-beam operation, as captured in previous chairman notes. 
Excerpt from RAN1#94-bis Chairman Notes [3]
For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support


In the previous RAN1#96 meeting, further discussion was conducted on multi-panel UE categories and in RAN1#96bis single panel-selection uplink transmission was agreed for Rel-16. 
Excerpt from RAN1#96bis Chairman Notes [4]
Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature



Although specification details of ID for panel-specific UL transmission could possibly impact some details of panel-specific power control, the main principles are independent of the ID design and specification, and some observations can be made regarding panel-specific power control. 
In this contribution, we provide our views on the power control framework for multi-panel uplink transmission and and changes needed to the power control specification in TS 38.213 [5] for Rel-15. 
Power Control Aspects for Multi-Panel Transmission
Configuration and Indication of PC Parameters
Beam-specific power control has been a main principle adopted in Rel-15 for power control parameter configuration so that a semi-static mapping is configured between PUSCH/PUCCH beam indication (e.g., SRI or PUCCH SpatialRelaionInfo) and the open-loop (OL), pathloss (PL) reference, and closed-loop (CL) power control parameters. Regardless of the specific mechanism that will be agreed and adopted to capture the ID for panel-specific UL transmission, the same kind of mapping between UL beam indication and PC parameters can be re-used in multi-panel/beam transmission scheme as well, so that when certain UL beam combinations from different UE panels are indicated in the PDCCH(s), the corresponding power control parameters can be inferred and applied for each individual uplink transmission. 
It is proposed in [6] that, by configuring common/shared parameters, signalling saving may be possible for the case of ideal / fast backhaul (e.g., single PDCCH) compared to the case of non-ideal / slow backhaul (e.g., multiple PDCCHs). In our view, however, even for multiple TRPs in the same site or for multiple panels of a same TRP, the QCL assumptions and uplink interference situations may be quite different, and it is not clear whether the same power control parameters can be shared by different UL transmissions even for the case of ideal backhaul. Therefore, it might be prudent and conservative for the network to keep a flexible configuration framework and independently configure all power control parameters corresponding to different UL beam indications from different UE panels. The gNB may, if appropriate, configure same values for certain distinct UL beam indications. 
Overall, it appears that no new procedure is needed for configuration and indication of power control parameters compared to Rel-15 design.
Proposal 1: For UE with multiple panels/beams, specification should support independent configuration of all power control parameters corresponding to different UL beam indications from different UE panels. No new procedure is needed for configuration and indication of power control parameters compared to Rel-15 design.
One further issue is whether UE with multiple panels, which is possibly targeted at different TRPs or TRP panels, requires an increase in the number of power control parameters maintained at the UE compared to Rel-15 configurations. One recalls that, per RAN1 agreements, a UE maintains up to 32 UE-specific PUSCH P0 values, up to 4 pathloss references, and up to 2 PUSCH closed-loop processes, etc., per serving cell. In our view, no increase is needed in the number of PC parameters maintained at the UE, since multi-TRP/panel operation was already supported in Rel-15 in a spec-transparent manner (e.g., as in dynamic point selection / TRP switching), and Rel-15 numbers were decided including all such considerations. 
Proposal 2: For UE with multiple panels, no increase is needed for the number of OL/PL/CL power control parameters maintained at the UE compared to Rel-15.
PHR Definition and Format 
Rel-15 supports a single power headroom report (PHR) per serving cell, along with reporting the Pcmax,f,c for the case of actual PHR. For UE with multiple panels/beams, depending on the scenario, it might make sense to report 1 PHR as in Rel-15 (e.g., when transmission from all UE panels target a same TRP / TRP-panel) or to report multiple PHRs (e.g., when targeting different TRPs / TRP-panels). Since the PHR MAC-CE format needs to be fixed, it appears best to configure [N] PHRs per serving cell, where [N] is equal to the number of UE panels (or the number of UE panels that can be activated at a time) . If agreed in RAN1, this can be communicated to RAN2. Another aspect to be considered is how to define virtual PHR in UE with multiple panels.   
Proposal 3: For UE with multiple panels, PHR format including the number of PHRs per serving cell and definition of virtual PHR needs to be considered. 
Conclusion
In summary, we propose the followings for multiple UE-panel/beam power control:
Proposal 1: For UE with mutiple panels, specification should support independent configuration of all power control parameters corresponding to different UL beam indications from different UE panels. No new procedure is needed for configuration and indication of power control parameters compared to Rel-15 design.
Proposal 2: For UE with mutiple panels, no increase is needed for the number of OL/PL/CL power control parameters maintained at the UE compared to Rel-15.
Proposal 3: For UE with mutiple panels, PHR format including the number of PHRs per serving cell and definition of virtual PHR needs to be considered. 
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