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1 Introduction

A revised WID of further enhancements on MIMO for NR was approved in RAN#92-e meeting [1]. In this contribution, we will discuss on the remaining issues for multi-beam operation.
2 Discussion on unified TCI framework
In RAN1#106bis-e meeting [2], the following agreements on unified TCI were mad: 
	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:

· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8

· Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement

On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 

· Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed

Agreement

On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous agreement:

On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:

· …

· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS

· …

Agreement

On Rel.17 unified TCI framework, the source RS in the Rel-17 TCI state that provides QCL-TypeA or QCL-TypeB shall be in the same CC/BWP as the target channel or RS
Agreement

On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation, already assumed periodic) is either a periodic CSI-RS or an SSB. When a periodic CSI-RS is used as a PL-RS,

· Opt2. Both 1- and 2-port (reusing Rel-16 UE capability signalling) periodic CSI-RS are supported for PL-RS

Agreement

On Rel.17 unified TCI framework, regarding the common TCI state ID update and activation for CA, 
· The details on how the PDSCH configuration (for each of those CCs/BWPs) contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC are up to RAN2

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 

· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC

· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI

Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 

· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI  state

· Above is applicable for eMBB

· FFS : Details on power control setting for URLLC

Agreement

On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.

· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.

Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.

FFS: Relevant UE capability to be discussed under UE feature agenda item.



Based on the agreements/conclusions of the previous meetings，there are some remaining issues to be discussed.

Source RS of DL QCL Type D
In RAN1#104-e, it was agreed that the supported source/target QCL relations in Rel-15/Rel-16 is supported for QCL Type D of Rel-17 unified TCI. The agreement mentioned that whether SSB, CSI-RS for CSI, and/or SRS for BM are supported as source RS is FFS. We note that CSI-RS for CSI can be used as the source RS to determine the QCL of DM-RS of PDCCH and DM-RS of PDSCH in Rel-15/Rel-16. The related descriptions in TS38.214 are listed as follows.
	For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):

-  [omitted]

-
'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.
For the DM-RS of PDSCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):

-
[omitted]

-
' typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.


We see no reason to restrict CSI-RS for CSI as the source RS for DL QCL type D in Rel-17. Hence, we propose the following proposal:
Proposal 1: On Rel-17 unified TCI framework, support CSI-RS for CSI as the source RS for DL QCL type D.
Target RS of Unified TCI
In previous meetings, it was agreed that any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI. In Rel-17, UL TCI state or joint TCI state can be used to indicate the spatial relation and power control parameters of dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. For SRS, aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC. For any SRS resource or resource set that do not share the same indicated TCI, we think it can also be configured as a target signal of a Rel-17 TCI state, and Rel-15/16 spatial relation info update signaling/configuration design(s) can be used to update/configure such SRS(s) with Rel-17 UL. For example, the spatialRelationInfo configured for the SRS resource can be replaced by a Rel-17 UL TCI state index or if applicable, joint TCI state index. In Rel-15/16, the PL RS and power control parameters are configured per SRS resource set, so if Rel-17 TCI is applied for SRS resource, the SRS resources in the same set should be associated with the same UL PC parameters.                
Proposal 2: On Rel-17 unified TCI framework, any SRS resource or resource set that is a valid target signal of a Rel-15/16 spatial relation can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI.
BFR Enhancement for Unified TCI

Another remaining issue is BFR enhancement for unified TCI. In Rel-16, UE shall update the beam for all CORESETs and all PUCCH resources after receiving the BFRR from NW. For unified TCI, when beam failure occurred, if separate TCI is configured for UE, it means the reception of UE-dedicated PDSCH/PDCCH and all the DL RSs that share the same indicated Rel-17 TCI state as UE-dedicated PDCCH/PDSCH will be failed. Hence, the new QCL source RS should apply to UE-dedicated PDSCH/PDCCH and all the DL RSs that share the same indicated TCI state. If joint TCI is configured for the UE, besides the DL RS and channels, the UE shall use the same UL spatial filter as the one associated with the index qnew for all dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC, as well as other signals/channels configured to sharing such Rel-17 TCI state.
Proposal 3: On Rel-17 unified TCI framework, X symbols after the UE receives the BFRR, the new/updated QCL source RS applies to UE-dedicated PDSCH/PDCCH and all the DL RSs that share the same indicated TCI state. For UEs with joint TCI mode, all dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC, as well as other UL signals that share such Rel-17 TCI state should also be updated according to the index qnew.
3  Discussion on inter-cell beam management
In RAN1#106-e meeting [2], the following agreements on inter-cell beam management were stated: 
	Agreement

On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table
Agreement

On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2

· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 

· Additional restriction may be added by RAN4

· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP

· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 



In RAN1#105-e, it was agreed that K=4 beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance. The CSI reporting in Rel-15/16 is based on gNB configuration. In Rel-17, for inter-cell beam management, L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting was proposed. In our view, the benefit of event-driven reporting could be significant if a larger value of K is supported, and the definition of L1-based event is important for the performance. Considering the workload of R17, we think L1-based event-driven reporting can be studied in the future release.
Proposal 4: L1-based event-driven reporting can be studied in the future release.

In RAN1#106, it was agreed that SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI). In our understanding, if SSB is an indirect QCL reference, CSI-RS for BM or TRS QCL-ed with that SSB can be the direct QCL reference for PDCCH/PDSCH. In fact, this implies that UE could measure the CSI-RS for BM or TRS, and report the CRI or CRI+L1-RSRP to gNB, then gNB could configure the CSI-RS for BM or TRS as the direct QCL reference based on UE reporting. Therefore, we think CSI-RS for BM and/or TRS associated with a non-serving cell can be the measurement RS for CSI reporting. 
Proposal 5: On Rel.17 beam indication enhancements for inter-cell beam management, CSI-RS for BM and/or TRS associated with a non-serving cell can be configured as the measurement RS for CSI reporting.
One open issue for inter-cell beam management is the QCL assumption for paging and short message reception. The following three alternatives were discussed during discussion.
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell

· Alt1. The UE is to monitor paging and short message in USS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell

· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell

For Alt0, paging and short message are transmitted from serving cell, while USS is transmitted from a cell with PCI different from the serving cell. For UEs with capability of only one activated TCI state, to monitor paging, it has to switch between the two cells and NW shall activate the corresponding TCI state via MAC-CE. Compared to other alternatives, it will cause beam switching latency. For Alt1, how to introduce USS for paging is not clear to us, it may cause large specification impact. For Alt2, the only impact is to treat Type2 CSS as an exception of non-UE dedicated channels. Therefore, we prefer Alt2.
Proposal 6: On QCL assumption for paging and short message reception after being activated with TCI state[(s)] associated with PCI different from serving cell，the UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell (Alt 2).
4 Discussion on fast UL panel selection

In RAN1#106-e meeting [3], the following agreements were made for MPUE：
	Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, down select or modify from the following two schemes in RAN1#106bis-e:
· Scheme 1: 

· A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance (i.e. Opt1-1 per RAN1#104-bis-e agreement) 

· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW

· FFS : Detailed design of how to inform the correspondence to NW 

· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)

· Support UE reporting of maximum number of SRS ports and coherence type for each panel entity as a UE capability

· Support multiple codebook -based SRS resource sets with different maximum number of SRS ports

· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE capability for the panel entity 

· Scheme 2: 

· Support UE reporting one of the following (to be down selected in RAN1#106bis-e): 

· Opt1. A list of supported UL ranks (number of UL transmission layers) 

· Opt2. A list of supported number of SRS antenna ports

· Opt3. A list of coherence types (as in Rel-15) indicating a subset of ports

· The NW configures an association between an index and rank/number of SRS antenna ports/coherence type
· Include at least one of the index, the maximum UL rank or SRS antenna ports or coherence type corresponding to a reported SSBRI/CRI in a beam reporting instance 

· FFS : timeline to apply above result in the beam report instance

· Support multiple codebook-based SRS resource sets with different number of SRS antenna ports

· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE reported info corresponding to the index




In RAN1#106, two schemes were proposed to facilitate UE-initiated panel activation and selection. To ensure the performance, gNB and UE should have the same knowledge of the DL Rx panel(s) and UL Tx panel(s). For scheme 1, a panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance is proposed. In our view, the mapping relation between panel entity and CSI-RS and/or SSB resource can be changed by UE, and the overhead will be large if the mapping relation is informed to NW. For scheme 2, UE could report a list of UE capability values, and NW configures an association between an index and the UE capability values. During the discussion, several candidate types of UE capability value were listed to form the UE capability value (set), including the following:

· Max supported # of SRS ports 

· Max supported # of UL layers

· Coherence type

· TPMI

· Max supported # of SRS resources within one SRS resource set
To our understanding, to avoid too much complexity, at most two types of UE capability value could be included in the UE capability value set, for example, max supported # of SRS ports and max supported # of UL layers. For coherence type, if different coherence type of UL antenna port is allowed for different panels, different full power mode should also be reported in the UE capability value, which shall increase the complexity.
Proposal 7: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value sets, and each UE capability value set comprises max supported # of SRS ports and max supported # of UL layers.
When UE reporting a list of UE capability value sets, the index of each UE capability value set should also be supported, and the number of reported UE capability value set should be equal to the number of UE panels. For UE-initiated panel activation and selection, UE can be allowed to activate/deactivate a panel, but it should inform this information to NW. One option discussed in last meeting is to report the correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list in a beam reporting instance. To our understanding, the reported index of UE capability value sets in the beam reporting instance means the CSI-RS/SSB is measured by the corresponding panel. However, as agreed in RAN1#103-e meeting, the UL Tx panel(s) can be a same set or subset of DL Rx panel(s). If the UL Tx panel(s) is the subset of DL Rx panels, NW cannot get the UL Tx panel state information from the beam reporting. If UE should be able to activate/deactivate the panel without restriction, event-triggered reporting should be considered to inform NW the panel state of UE.  Another way is to only allow UE to activate/deactivate the panel at certain time points, for example, at a certain periodicity, then periodic reporting can be considered to report the panel state. When NW receives the reporting, it can trigger the SRS transmission if the panel state is changed. The triggered SRS transmission should be aligned with the UE capability of the activated/selected panels.
Proposal 8: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, event-triggered reporting and periodic reporting can be considered to inform NW the state of UE panels.
5 Conclusions

In this contribution, we share our views on enhancements for multi-beam operation. The observations and proposals are summarised as follows:

Proposal 1: On Rel-17 unified TCI framework, support CSI-RS for CSI as the source RS for DL QCL type D.
Proposal 2: On Rel-17 unified TCI framework, any SRS resource or resource set that is a valid target signal of a Rel-15/16 spatial relation can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI.
Proposal 3: On Rel-17 unified TCI framework, X symbols after the UE receives the BFRR, the new/updated QCL source RS applies to UE-dedicated PDSCH/PDCCH and all the DL RSs that share the same indicated TCI state. For UEs with joint TCI mode, all dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC, as well as other UL signals that share such Rel-17 TCI state should also be updated according to the index qnew.
Proposal 4: L1-based event-driven reporting can be studied in the future release.

Proposal 5: On Rel.17 beam indication enhancements for inter-cell beam management, CSI-RS for BM and/or TRS associated with a non-serving cell can be configured as the measurement RS for CSI reporting.

Proposal 6: On QCL assumption for paging and short message reception after being activated with TCI state[(s)] associated with PCI different from serving cell，the UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell (Alt 2).
Proposal 7: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value sets, and each UE capability value set comprises max supported # of SRS ports and max supported # of UL layers.
Proposal 8: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, event-triggered reporting and periodic reporting can be considered to inform NW the state of UE panels.

6 References

[1] RP-211586, “Revised WID: Further enhancements on MIMO for NR”, RAN#92-e, June 14-18, 2021.

[2] 3GPP RAN1#106bis-e, RAN1 Chairman’s Notes, October 2021.

[3] 3GPP RAN1#106-e, RAN1 Chairman’s Notes, August 2021.

- 7/9 -

