[bookmark: OLE_LINK1]3GPP TSG RAN WG1 #106-e	R1-2107029
e-Meeting, August 16th – 27th, 2021

[bookmark: Source]Agenda Item:	8.1.1
Source: 	Fujitsu
Title: 	Enhancements on Multi-beam Operation
Document for:	Discussion
Introduction
In RAN#92e, revised WID of further enhancements on MIMO for NR have been approved [1]. The objective includes:
· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1:
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
In this contribution, we will discuss the enhancement on multi-beam operation including L1-based beam indication and UL multi-panel selection.

Unified TCI framework
In RAN1#105_e, the following agreements related to L1-based beam indication were reached [2].
	Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1

Agreement
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/ configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).



In the previous meeting, two alternatives are provided for using Rel-17 TCI states to indicate DL RS not applicable to the common beam indication. A down-selection between Rel-15/16 mechanism and Rel-17 mechanism is necessary. In our view, there is no critical problem for the beam indication if Rel-15/16 mechanism is reused. Hence, we have the following proposal.
Proposal 1: For the down-selection of DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC but can be configured as a target DL RS of a Rel-17 DL TCI, support Alt1. 
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/ configure the Rel-17 TCI state 

L1/L2-centric inter-cell mobility
In RAN1#105_e, the following agreements related to L1-based beam indication were reached [2].
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies

Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB

Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH


Measurement RS for inter-cell mobility/mTRP
Previously, SSB associated with non-serving cell were agreed as measurement RS for inter-cell mobility/mTRP. A leftover issue is whether RS other than SSB can be additionally considered as measurement RS. In our view, CSI-RS for mobility/RRM associated with a non-serving cell should be supported as measurement RS. The configuration and the corresponding UE behaviour of monitoring CSI-RS for mobility/RRM was introduced in Rel-15. The corresponding measurement result, L3-RSRP, is used for UE mobility management. It is natural to extend the mobility CSI-RS for the purpose of L1/L2 mobility. This means that CSI-RS for mobility/RRM associated with a non-serving cell should be included in beam measurement framework. The beam metric of L1-RSRP should be supported for CSI-RS for mobility/RRM associated with a non-serving cell.
Proposal 2: On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· Support CSI-RS for mobility/RRM associated with a non-serving cell as measurement RS 

Beam indication for inter-cell mobility/mTRP
In the previous meeting, it was agreed as a working assumption to extend Rel-17 beam indication mechanism and DL QCL and UL spatial relation rules from intra-cell scenario to inter-cell scenario. In our view, the beam indication mechanism introduced in Rel-17 is not only useful in intra-cell scenario but also useful in inter-cell scenario especially for the use case of high-speed train. Hence, we propose to confirm the working assumption.
Proposal 3: Confirm the working assumption on using Rel-17 MAC-CE-based and/or DCI-based beam indication for L1/L2-centric inter-cell mobility.

Conclusions
In this contribution, we discussed the enhancements on multi-beam operation and the corresponding proposals are listed as follows.
Proposal 1: For the down-selection of DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC but can be configured as a target DL RS of a Rel-17 DL TCI, support Alt1. 
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/ configure the Rel-17 TCI state 
Proposal 2: On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· Support CSI-RS for mobility/RRM associated with a non-serving cell as measurement RS 
Proposal 3: Confirm the working assumption on using Rel-17 MAC-CE-based and/or DCI-based beam indication for L1/L2-centric inter-cell mobility.
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