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Introduction

In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out with regard to multi-beam operations [1]:

	Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1:
i) 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
(1) Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
(2) Unified TCI framework for DL and UL beam indication
(3) Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
ii) 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



This contribution discusses various issues related to multi-beam operations, pertaining in particular to FR2.
Unified TCI framework

In this section, various issues regarding the unified TCI framework are discussed. The following agreements were made with regards to this topic [2]:

	Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviors and/or restriction(s)
 
Agreement
On Rel.17 unified TCI framework:
· 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 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
Note: This doesn’t imply that all time-domain behaviors are automatically supported

Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment

Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported 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) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, 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)
· 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. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP

Agreement
The following working assumption is confirmed with revision in RED.
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), Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such DL RS(s) with Rel-17 TCI state(s).
· Applies for both intra-cell and inter-cell beam indication




Pool of TCI states for separate UL and DL TCI state update

It has been agreed that the joint TCI indication for UL and DL shall use a single pool of TCIs for UL and DL for indication purposes. For the case of separate indication, the formation of the pools is yet to be decided. There are two options for the separate indication of the TCI states for UL and DL: either reuse the joint pool of UL and DL TCI states that are used for the joint indication, or use a separate pool of TCI states for UL and DL. The reusing of the TCI state pool may seem to be an attractive option in terms of specification effort. However, since the set of RSs used for UL Tx source and DL Rx source differ, the specification effort, in our opinion, to tailor the joint TCI state pool for both UL and DL would be higher than having separate pools of TCI states for UL and DL.

Proposal 1: For the purpose of separate beam indication for UL and DL, separate pools of TCI states for DL and UL shall be used.
Source and target RSs in the unified TCI framework

Use of CSI-RS for CSI as a source RS for downlink reception of PDSCH/PDCCH

CSI-RS for CSI is already used as a QCL source for DMRS ports of PDSCH/PDCCH in Rel. 15/16. Hence, the extension of its use in Rel. 17 is straightforward. Its use as a target for unified TCI should not be a hindrance for its use as a QCL source due to issues related to circular logic. Such issues can be resolved with implementation and hence we propose to continue its usage as QCL source in the unified TCI framework for UE-dedicated PDSCH/PDCCH in Rel. 17.

Proposal 2: CSI-RS for CSI is used as a QCL source in unified TCI framework for UE-dedicated PDSCH/PDCCH.

Use of beam-management SRS as source RS for spatial reference in the DL

The use of SRS for beam management (BM) as a QCL-typeD source RS for DL reception is proposed by various companies. The proposal is concerning to us for the following reasons:
· In our understanding, SRS for BM is commonly used for uplink sounding when there is no beam corre-spondence. Therefore, using an uplink sounding RS as a downlink reception source when there is no beam correspondence may result in beam mismatches.
· Moreover, the support of SRS for BM depends on UE capability. UEs with beam correspondence without uplink beam sweeping may not support SRS for BM and hence it does not apply to such UEs.
· Some companies suggested that the DL RS used as a source for BM-SRS can be used as the spatial relation source. The BM-SRS may not always be assigned a spatial relation and it does not have any default spatial relation as well (it is left out of the default spatial relation assumptions in Rel-16). It is used for the UE to sound the uplink channel by itself to determine a suitable UL beam. Hence, this suggestion may not be fully applicable to BM-SRS. If a source DL RS (spatial relation) for SRS for BM is mandated, it defeats the purpose of BM-SRS as a sweeping signal for UL beam alignment. 
· If providing a reference to a DL RS for DL reception is the objective, then it is done with lower signalling overhead by directly providing the DL RS as a reference instead of the indirect reference via BM-SRS. The indirect reference would involve two signalling steps: providing the intended DL RS as the spatial source for the BM-SRS, and then providing the BM-SRS as the spatial source for DL reception. Both the signalling steps have to be explicitly done as the BM-SRS has no default spatial relation. The direct reference to the DL RS would also be universal to all UEs as the support for BM-SRS by the UE is not required. Specification effort to go in a round-about manner and mandating BM-SRS to have a DL RS as spatial source for the indirect reference would be counter-productive.
Proposal 3: SRS for beam management is not used as a spatial reference for DL reception at the UE, i.e., SRS for BM is not used as a source RS for QCL-typeD.

Definition of beam alignment

The definition of beam alignment in the UL so far has been agreed as the case when PL-RS and the spatial relation RS are the identical DL RS. This may be extended to the case when the PL-RS and the spatial relation RS have the same beam direction. The scenarios where that is possible are as follows:
· When the spatial relation RS is a DL RS
· The QCL-typeD RS of the PL-RS is the spatial relation RS
· The QCL-typeD RS of the spatial relation RS is identical to that of the PL-RS
· When the spatial relation RS is an UL RS
· The QCL-typeD RS of the PL-RS and the spatial relation used for the UL RS are identical.
Proposal 4: Beam alignment in the UL is also possible in the following scenarios:
· When the spatial relation RS is a DL RS
· The QCL-typeD RS of the PL-RS is the spatial relation RS
· The QCL-typeD RS of the spatial relation RS is identical to that of the PL-RS
· When the spatial relation RS is an UL RS
· The QCL-typeD RS of the PL-RS and the spatial relation used for the UL RS are identical.
Panel-specific UL transmission

On the topic of panel-specific UL transmission or fast-panel selection, the following agreements were made in RAN1#106-e [3]:
	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 rank 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



 
3.1 	Panel association in CSI/Beam reporting

The two schemes mentioned for down-selection can be categorized as explicit and implicit panel-information sharing. In scheme 1, the common understanding is that a CRI/SSBRI in the CSI/beam report is associated with some identifier of a panel entity which uniquely identifies a set of ports at the UE. For scheme 2, the association of CRI/SSBRI with a panel is performed without the help of an explicit panel entity, but indirectly via an index associated with the maximum rank supported by a panel or coherence type, etc. The focus on the use-case for this scheme is the scenario where the UE is configured with panels comprising different numbers of ports or supporting different maximum ranks/coherence types, so that any of these values may uniquely identify a set of UE ports or a panel at the UE. The deficiencies of scheme 2 become apparent when the maximum rank and/or the coherence type supported by the panels are identical – a reported value may not correspond to a unique panel or group of ports at the UE, thereby there isn’t any useful panel-specific information provided to the gNB. With a common understanding among various companies that UE reporting of panel-specific information has to be supported, scheme 2 falls short in achieving it in some use-cases. Therefore, scheme 1 is preferred.

Proposal 5: Select scheme 1 for UE-initiated panel activation and selection
· 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.
3.2 	Support of SRS resource sets with different numbers of ports

The following aspects need to be considered while specifying SRS resource sets with different numbers of ports:
· Port mapping: It is possible for an SRS set with resources comprising  ports to be mapped to a panel with  ports, while mapping to a panel with  ports is something to be studied. Mapping an SRS resource set to a panel with identical number of ports is the straight-forward solution, but it may seem that the mapping is mandated by the gNB via SRS set configuration, which forces the UE to perform a certain implementation. 
· Power control: If the UE implementation is allowed to be flexible, i.e., if the mapping of the SRS resources with a panel that does not have the identical number of ports is to be enabled, then power control aspects may have to be revised for that purpose.
· Panel indication: The understanding between the UE and the gNB regarding the panel indicated for transmission (via UL TCI or any other means to choose a panel) and, the SRS set chosen for transmission and its mapping to said panel has to be aligned.
· Reusing SRI indication for MTRP-PUSCH: It shall be clarified if SRI indication method specified for MTRP PUSCH may be reused for panel selection as well, or if SRS resource set selection is performed by some other means.
Proposal 6: The following aspects shall be considered in the discussion on the configuration of two SRS resource sets, each having different numbers of ports for codebook-based PUSCH transmission:
· If the mapping of the SRS resources with a panel that does not have the identical number of ports is to be enabled, then power control aspects need to be revised.
· The understanding between the UE and the gNB regarding the panel indicated for transmission, the SRS set chosen for transmission and its mapping to said panel has to be aligned.
· It shall be clarified if SRI indication method specified for MTRP PUSCH may be reused for panel selection as well.

Conclusion

Proposal 1: For the purpose of separate beam indication for UL and DL, separate pools of TCI states for DL and UL shall be used.

Proposal 2: CSI-RS for CSI is used as a QCL source in unified TCI framework for UE-dedicated PDSCH/PDCCH.

Proposal 3: SRS for beam management is not used as a spatial reference for DL reception at the UE, i.e., SRS for BM is not used as a source RS for QCL-typeD.

Proposal 4: Beam alignment in the UL is also possible in the following scenarios:
· When the spatial relation RS is a DL RS
· The QCL-typeD RS of the PL-RS is the spatial relation RS
· The QCL-typeD RS of the spatial relation RS is identical to that of the PL-RS
· When the spatial relation RS is an UL RS
· The QCL-typeD RS of the PL-RS and the spatial relation used for the UL RS are identical.
Proposal 5: Select scheme 1 for UE-initiated panel activation and selection
· 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.
Proposal 6: The following aspects shall be considered in the discussion on the configuration of two SRS resource sets, each having different numbers of ports for codebook-based PUSCH transmission:
· If the mapping of the SRS resources with a panel that does not have the identical number of ports is to be enabled, then power control aspects need to be revised.
· The understanding between the UE and the gNB regarding the panel indicated for transmission, the SRS set chosen for transmission and its mapping to said panel has to be aligned.
· It shall be clarified if SRI indication method specified for MTRP PUSCH may be reused for panel selection as well.
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