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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, the issues regarding the unified TCI framework such as source and target RSs to be used in the framework and co-existence with the TCI/spatial relation framework of earlier releases are discussed.
Source and target RSs in the unified TCI framework

The following agreements were reached with regards to this topic [2]:

	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
· [bookmark: _Hlk84321626]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
· [bookmark: _Hlk84321692]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

[bookmark: _Hlk84321752]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
[bookmark: _Hlk84321878]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

Conclusion: On Rel.17 unified TCI framework, there is no consensus in supporting the following DL source RS type:
· SSB as QCL Type-D source RS, with TRS as QCL Type-A source RS
· SRS for BM as QCL Type-D source RS, optionally with TRS as QCL Type-A source RS



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

While the use of CSI-RS for CSI was agreed for further discussion in the last meeting, the discussion was ultimately postponed to RAN1#107-e.

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 as such issues can be resolved with network implementation. Therefore, we propose to continue its usage as QCL source in the unified TCI framework for UE-dedicated PDSCH/PDCCH in Rel. 17.

Proposal 1: CSI-RS for CSI is used as a QCL source in unified TCI framework for UE-dedicated PDSCH/PDCCH.





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 2: 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.
Co-existence of unified TCI with Rel. 15/16 TCI and spatial relation

In the offline discussions following RAN1#106-bis, the use of spatial relation and TCI from the previous releases along with Rel. 17 TCI was discussed. Ideally, Rel. 17 unified TCI framework is a replacement for the Rel. 15/16 TCI/spatial relation framework that is separately configured and indicated for various channels, and hence leading to a disjoint and high-overhead beam management framework. With unified TCI, one or two pools of TCI states would be configured via RRC that could be used for the indication of the TCI in DL and/or UL using the joint or separate TCI methods. If any signal or channel uses a TCI or spatial relation pool for the indication of the TCI/spatial relation, they would readily be replaced with the DL and/or UL TCI pool(s) in the indication. With this design intent of the Rel. 17 TCI pools, it is obvious that any TCI or spatial relation pools from Rel. 15/16 need not be configured in Rel. 17 as their utility is fully replaced by the Rel. 17 TCI pools. However, there are some channel(s)/signal(s) that have RRC configured TCI or spatial relations that do not use any TCI or spatial relation pools such as SRS resources. It has been agreed that SRS for CB/NCB/antennaSwitching may optionally share the common TCI update. However, SRS resources may be individually provided with a spatial relation in their RRC configuration and the configured spatial relation does not indicate the spatial relation from a preconfigured spatial relation pool. Two options exist for such configurations in Rel. 17 unified TCI framework:
· The spatial relation indication may be retained in Rel. 17 as it does not have any connection with any spatial relation or TCI pool and hence no connection with the outdated Rel. 15/16 BM framework.
· The spatial relation indication may be replaced with the indication of a Rel. 17 UL/joint TCI state indication.
While either option is fine, since there is not much impact on RAN1 specifications due to this decision, leaving the decision to RAN2 would save RAN1 time.

Proposal 3: Any method for the indication or update of TCI or spatial relation from Rel. 15/16 that uses TCI or spatial relation pools, is reused in Rel. 17 with Rel. 17 TCI pool(s).

Proposal 4: If the UE is configured with Rel. 17 TCI pool(s) in a CC, Rel-15/Rel-16 TCI/SpatialRelationInfo pool(s) are not configured in that CC
· If any channel/signal is configured via RRC with a spatial relation or a TCI state that does not refer to any Rel. 15/16 TCI or spatial relation pool, the decision to retain it or replace it with Rel. 17 TCI is left to RAN2.
Panel specific UL transmission

In RAN1#107-e, for UE-initiated panel activation and selection, the following direction was chosen for support:
· The UE may report one or more sets of UE capability value(s).
· The UE, during a beam reporting instance, may associate a UE capability value set with a CRI or SSBRI.

The following proposal was discussed at length during the offline discussions following RAN1#106-bis-e [3]:
	Updated Proposal 4.A: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises at least the max supported number of SRS ports
· FFS: which type(s) of UE capability other than the max supported number of SRS ports is included in a UE capability value set and whether the UE capability value set can be common across all BWPs/CCs in same band or BC are discussed under UE feature agenda item
· The correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting is reused, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR  (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI
· Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to a selected SRS resource set [which need to be aligned with the UE capability based on the informed correspondence]
· FFS: Decide in RAN1#107e, whether the SRS resource set is selected by the UE or NW



The specifics of UE-initiated panel activation and selection are discussed in this section. 
[bookmark: _GoBack]3.1	UE capability sets reporting

UE capability values in a given set

The UE reports one or more sets of UE capability value(s) to the network. The common understanding is that a given set of value(s) may correspond to at least one UE panel. The UE capability values that could be included in a UE capability set that is reported by the UE are as follows:
1) Maximum # of supported SRS ports
2) Maximum # of supported SRS resources in the SRS resource set
3) Maximum # of supported UL layers
4) Coherence type
5) TPMI
In our view, of the above values, the ones regarding SRS ports and SRS resource sets reveal the most information regarding panel configuration. It’s common understanding that a given SRS resource set is associated with a group of ports at the UE that could be construed as a ‘UE panel’. Therefore, one or more values related to an SRS resource set associated with a panel, can be included as a part of a UE capability value set which in turn could relate to a UE panel. Hence, the prominent candidates for inclusion in the UE capability value set are maximum # of supported SRS ports and maximum # of supported SRS resources in the SRS resource set.

Proposal 5: The following UE capability values shall be reported in a UE capability value set:
1) Maximum # of supported SRS ports
2) Maximum # of supported SRS resources in the SRS resource set
Reporting repeated sets of UE capability values and ID for each set

If multiple panels at the UE exist with the same set of values for the parameters above (Max. # of supported SRS ports, Max. # of supported SRS resources in SRS set), then the NW may not obtain any useful information regarding UE panels for scheduling. Therefore, the UE may report as many sets of UE capability values as there are UE panels and each set may be identified with an index or identifier. This means that there may be two different UE capability sets, each with identical sets of values, i.e., repetition of the UE capability sets is possible in the reporting.

Proposal 6: Two different sets of UE capability values may have identical sets of value(s) in them. Each set is identified with a unique ID.
3.2 	Beam reporting and SRS resource set determination

During a beam reporting instance, the UE may associate a CRI/SSBRI with an index/ID of a UE capability value set. A given CRI/SSBRI may be associated with just one index of a UE capability value set. In turn, a UE capability value set should be aligned with an SRS resource set, which may indicate an SRS resource set for scheduling to the network. However, the SRS resource set and thereby, panel selection shall be determined by the UE to avoid network’s control of UE’s panel switching. The UE may just update the correspondences between CRI/SSBRI and UE capability value sets (that are aligned with SRS sets) during each beam reporting instance which may take the panel switching and selection changes into account.

Proposal 7: The UE may associate a CRI/SSBRI with an index/ID of a UE capability value set.

Proposal 8: The UE shall be left in control of panel selection and/or switching and thereby, determine SRS resource set selection.
Conclusion

The following proposal are made from the discussions above:

Proposal 1: CSI-RS for CSI is used as a QCL source in unified TCI framework for UE-dedicated PDSCH/PDCCH.

Proposal 2: 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 3: Any method for the indication or update of TCI or spatial relation from Rel. 15/16 that uses TCI or spatial relation pools, is reused in Rel. 17 with Rel. 17 TCI pool(s).

Proposal 4: If the UE is configured with Rel. 17 TCI pool(s) in a CC, Rel-15/Rel-16 TCI/SpatialRelationInfo pool(s) are not configured in that CC
· If any channel/signal is configured via RRC with a spatial relation or a TCI state that does not refer to any Rel. 15/16 TCI or spatial relation pool, the decision to retain it or replace it with Rel. 17 TCI is left to RAN2.
Proposal 5: The following UE capability values shall be reported in a UE capability value set:
1) Maximum # of supported SRS ports
2) Maximum # of supported SRS resources in the SRS resource set
Proposal 6: Two different sets of UE capability values may have identical sets of value(s) in them. Each set is identified with a unique ID.

Proposal 7: The UE may associate a CRI/SSBRI with an index/ID of a UE capability value set.

Proposal 8: The UE shall be left in control of panel selection and/or switching and thereby, determine SRS resource set selection.
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