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Introduction
In this paper, we provide our views on enhancements for multi-beam operation.
RRC parameters for unified TCI
CSI-RS following PDCCH
It was agreed that aperiodic CSI-RS for BM or CSI can be configured to follow the TCI state indicated for PDCCH/PDSCH reception, but did not mention how to provide such configuration to UE. It seems natural to have an explicit RRC flag configured in the RS resource configuration for this purpose. So, we suggest adding an RRC flag to indicate whether an aperiodic CSI-RS for BM or CSI should follow the same indicated TCI state as PDCCH/PDSCH on the same CC.
QCL type for joint TCI
In Rel-17, DL-only TCI state can be configured with legacy QCL TypeD, while UL-only TCI state can be configured with UL spatial relation. However, for joint TCI state, using QCL TypeD to additionally describe the UL TX filter may lead to confusion on what QCL TypeD actually means, or lead to complicated specification descriptions (repeating the statement that source RS for QCL TypeD is used to determine the spatial relation as in Rel-16). For simplicity, we suggest adding a new QCL type for joint TCI indication – capturing both spatial Rx parameters and spatial Tx parameters.
Switch between joint/separate TCI 
In RAN1#105e, there was a conclusion on switch between joint TCI and separate DL/UL TCI. According to the conclusion, a UE can be configured with both joint TCI and separate DL/UL TCI. Then, the switch between joint TCI and separate DL/UL TCI is based on RRC signaling. In this case, it is natural to have an RRC switch on whether joint TCI or separate DL/UL TCI is to be applied (for MAC-CE activation and subsequent DCI indication). So, we propose to add an RRC switch between joint TCI and separate DL/UL TCI in case of both types of TCI state were configured for a UE. 
	Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)


With above discussions, we propose the following:
Proposal 2-1: Adopt the following changes on RRC parameters for multi-beam enhancements:
· Add an RRC flag to indicate whether aperiodic CSI-RS resources for CSI or BM should follow the same indicated TCI state as PDCCH/PDSCH on the same CC
· Add a new QCL type for joint TCI indication capturing both spatial Rx parameters and spatial Tx parameters
· Add an RRC switch between joint TCI and separate DL/UL TCI
SRS following PDCCH
In R16, an SRS without spatial relation configured can be set to follow the QCL assumption for the lowest CORESET. To be specific, the Rx beam for receiving the lowest CORESET will be used as Tx beam for transmitting such SRS. Similar functionality is also desirable under R17 unified TCI framework. So we propose the following:
Proposal 2-2: Support configuring aperiodic SRS to follow the joint/DL TCI state indicated for PDCCH/PDSCH.
Inter-cell beam management
QCL assumption for paging
For paging/short messages under inter-cell BM, RAN1 discussed three possibilities under Issue 2.3 in [1]. Given that the design is targeting at CONNECTED mode, we prefer that the UE monitors paging following the TCI state associated with PCI different from the serving cell, i.e., over the beam pair that is actively maintained by the UE. So we support both Alt-1 and Alt-2 below. To cover the cases with both MAC-CE and DCI based TCI indication, we also suggest revising the problem formulation as below:
	Updated formulation for down-selection:
QCL assumption for paging reception after being activated with only one TCI state associated with PCI different from serving cell by MAC-CE or after being indicated with one TCI state associated with PCI different from serving cell by DCI
Alt0. UE not required to monitor paging associated with the newly activated TCI state
Alt1. UE to monitor paging in USS associated with the newly activated TCI state
Alt2. UE to monitor paging in CSS configured for paging with the newly activated TCI state


Proposal 3-1: For inter-cell BM, the activated TCI state for UE-dedicated reception on PDCCH/PDSCH is also applied for receiving paging and short messages. 
Dynamic TCI update 
Beam application time
As indicated by RAN4 in R16, UE panel activation would require 2~3ms delay, which is much longer than the beam application time without activating a new UE panel. With this in mind, we propose the following:
Proposal 4-1：Support different beam application time (BAT) for the cases with and without involving UE panel activation.
Default codepoint
As captured in previous agreement, there is one FFS point on whether to apply TCI states corresponding to the lowest codepoint right after MAC-CE activation. In our view, it is quite beneficial to support this add-on feature, which can be turned on or off by RRC. With this feature, NW can map the TCI states (that are to be applied immediately right after TCI activation) to the lowest codepoint, with which there is no need to send in a DCI for TCI indication immediately (hence saving one DCI and associated ACK), while further DCI-based TCI indication can still be performed when needed. 
Proposal 4-2: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied.
Fast UL panel selection
In the offline discussion [2], to facilitate UE-initiated panel activation and selection, there were discussions on UE capability reporting of a list of transmission/reception capabilities associated with UE panels and correspondence information along with regular beam reporting.  
UE capability reporting
For the transmission/reception capabilities associated with UE panels, we are interested in allowing for different numbers of TXRUs as well as different numbers of beams on UE panels. In addition, as the UE panels are facing different spatial directions, even if the transmission/reception capabilities are the same, different link adaption loops are still required at both UE and gNB, with which repeated capability reporting should be allowed. We propose the following:
Proposal 5-1: Support reporting multiple sets of the following UE capabilities (corresponding to UE panels) with repetition allowed:
· Max supported # of SRS ports or UL layers
· Max supported # of SRS resources within one SRS resource set
Correspondence with beam reporting
Even if there is no UE panel ID explicitly defined, each reported UE capability value set can be interpreted as one UE panel. Then, the correspondence between DL measurement/report and UE panel (i.e., the reported result is measured from which UE panel) could be reported via such UE capability value set. We propose the following:
Proposal 5-2: Support reporting the index of UE capability value set (corresponding to one UE panel) along with SSBRI/CRI/RSRP/SINR in beam reporting.
MPE mitigation
Regarding MPE mitigation, the following were agreed in RAN1#106bis-e:
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1
· FFS: The supported value(s) of M 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW



Agreement
· On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2)


The previous agreements on MPE mitigation did not specify whether the reported N measurements are per UE panel or per UE beam. We propose the following:
Proposal 6-1: The quantity N in previous agreement represents the number of UE panels.
In addition, when only one P-MPR is reported, it implies only the UL Tx panel/beam associated with the corresponding SSBRI/CRI can be used for subsequent uplink transmissions (due to MPE restriction). So we propose the following:
Proposal 6-2: When only one P-MPR is reported, the UL Tx panel/beam associated with the reported SSBRI/CRI is used as default panel/beam for the subsequent uplink transmissions.
Summary and conclusion
In this contribution, we propose the following:
Proposal 2-1: Adopt the following changes on RRC parameters for multi-beam enhancements:
· Add an RRC flag to indicate whether aperiodic CSI-RS resources for CSI or BM should follow the same indicated TCI state as PDCCH/PDSCH on the same CC
· Add a new QCL type for joint TCI indication capturing both spatial Rx parameters and spatial Tx parameters
· Add an RRC switch between joint TCI and separate DL/UL TCI
Proposal 2-2: Support configuring aperiodic SRS to follow the joint/DL TCI state indicated for PDCCH/PDSCH.
Proposal 3-1: For inter-cell BM, the activated TCI state for UE-dedicated reception on PDCCH/PDSCH is also applied for receiving paging and short messages. 
Proposal 4-1：Support different beam application time (BAT) for the cases with and without involving UE panel activation.
Proposal 4-2: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied.
Proposal 5-1: Support reporting multiple sets of the following UE capabilities (corresponding to UE panels) with repetition allowed:
· Max supported # of SRS ports or UL layers
· Max supported # of SRS resources within one SRS resource set
[bookmark: _GoBack]Proposal 5-2: Support reporting the index of UE capability value set (corresponding to one UE panel) along with SSBRI/CRI/RSRP/SINR in beam reporting.
Proposal 6-1: The quantity N in previous agreement represents the number of UE panels.
Proposal 6-2: When only one P-MPR is reported, the UL Tx panel/beam associated with the reported SSBRI/CRI is used as default panel/beam for the subsequent uplink transmissions.
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