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1 Introduction

In RAN1#96b, the supported multi-panel UE assumption in Rel-16 was agreed as below. 
	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


In RAN1#AH1901, several alternatives on how to define the identifier for indicating panel-specific UL transmission was listed as follows: 

	Agreement 

An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:

· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)

· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 

· Alt.3: an ID, which can be assigned for a target RS resource or resource set

· Alt.4: an ID which is additionally configured in spatial relation info


In RAN1#96b, a working assumption on the usage of UE panel identifier has also been established as below.

	Working Assumption

The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.

· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.

· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.


In this paper, we focus on the design of multi-panel management at UE including activation/deactivation, and our views on how to define the identifier for indicating panel-specific transmission are provided in [4]. 

2 UE panel status reporting

It has been discussed at the late stage of Rel-15 that UE may turn off its panels for power-saving purposes and sufficient time is needed for panel activation when UE receives aperiodic CSI-RS (i.e., to train its Rx beams on the panel which was previously turned off) [1][2]. To this end, two large values (224 and 336) were added to UE feature 2-28, corresponding to 2 and 3 ms for 120kHz SCS. However, such reporting is based on one-shot UE capability reporting only. If a UE reported with these large values, when triggering aperiodic CSI-RS, gNB will always need to reserve large delay, which is a bit restrictive. 
Similar situation can also be found in UL transmission. Without any information of UE panel status, gNB has to reserve a large delay when triggering an aperiodic SRS or scheduling PUCCH/PUSCH transmission, if there is a possibility this transmission is to be performed on an inactive UE panel. 
For Rel-16, it was agreed in RAN1#96b that UE can control its panel activation/deactivation. Still, if the UE panel status is unknown to gNB, it is still not possible for gNB to leave sufficient processing time for UE to turn on an inactive panel, or to trigger fast switching among activated panels, as gNB does not know which ones are active. For these reasons, it is desirable to have aligned understanding on UE panel status between gNB and UE. 
One possible solution, is to report the panel status (activated or deactivated) from UE to gNB, which can be periodic or aperiodic. If it is periodic reporting, how such information is carried (explicitly or implicitly) and how to configure a proper periodicity to match UE panel activation/deactivation behavior needs to be further discussed. Another possibility is to use aperiodic reporting to report UE panel status when it has changed (e.g., UE to initiate CBRA transmission for newly activated UE panel together with TA estimation as discussed in [4]). Using MAC-CE to convey UE panel status can also be considered.
Based on the discussions above, we have the following proposal:

Proposal 1: Information of UE panel status or status updating need to be reported to gNB. 
3 UE capability signalling 

To enable UE panel management that is known to gNB, gNB should know how many panels can be activated by UE. In our view, to facilitate gNB to properly indicate panel-specific UL transmission, the UE capability signalling in Rel-16 should be able to carry at least the following information:
a) How many Tx panels can be activated simultaneously by the UE

b) How many different Tx beams can be supported on each Tx panel for the UE
c) Latency required UE Tx panel activation (note that the value in [1] is for UE Rx panel activation, and that for Tx panel activation still needs to be discussed)

With component-a, gNB can schedule fast switching across multiple activated UE panels in a relatively short period at least for UEs supporting this feature.

With component-b, when training the Tx beams from different panels, gNB can configure proper amount of SRS resources for each Tx panel.

With component-c, gNB can allocate sufficient time offset when scheduling a transmission from a panel that is currently in inactive status. 
4 Summary
Based on the discussions in this paper, we have the following proposal:

Proposal 1: Information of UE panel status or status updating need to be reported to gNB. 
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