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1. Introduction
Based on Rel-17 WID for FeMIMO [1], improvement for beam management is required towards the direction of a unified DL/UL approach in consideration of multi-TRP scenario. Additionally, further effort on reducing signaling overhead of beam indication is identified. Over previous two meetings, substantial progress on multi-beam enhancements has been made on various aspects. In this contribution, we provide our view and analysis on multiple topics. 
2. Unified Framework for DL and UL Beam Indication
	RAN1#102(e)
Agreement
Note: the enumeration for issues (such as “issue 1a), 1b), 6) in the proposal below refers to the enumeration within the proposals, not Table 1 in the FL summary.
1.  [Issue 1] For Rel.17 NR FeMIMO, on the unified TCI framework
0. Support joint TCI for DL and UL based on and analogous to Rel.15/16 DL TCI framework
[…]
0. FFS (RAN1#103-e): Details on extension to intra- and inter-band CA
0. FFS (RAN1#103-e): The supported number of active TCI states considering factors such as multi-TRP and issue 6 
0. FFS (RAN1#103-e): Applicable QCL types, and co-existence with DL TCI and spatial relation indication in Rel.15/16




In the very beginning of Rel-17 meeting, RAN1 has a FFS to decide supported number of active TCI states under the unified TCI framework. Based current agreements we have, we should consider DL-only TCI, UL-only TCI and joint TCI. For joint TCI mode, we think at most 8 activated TCI states should be enough. Nonetheless, for separate mode, we believe it’s reasonable to active more than 8 activated TCI states, with consideration of DL-only TCI and UL-only TCI. We believe some combination of DL-only TCI and UL-only TCI may be mapped to one TCI field codepoint. At the same time, the maximum TCI field codepoint should be maintained as 8 following the previous agreement. 
In addition, we believe the maximum configured TCI states should also extend to 256 when we take into consideration the separate TCI mode. Meanwhile, we also need to consider inter-cell beam management, where SSB from cell with different PCI may be indirect QCL source RS. Based on above, we have the following agreements. 
Proposal 1: The maximum number of active TCI states (for separate DL/UL TCI) is allowed to be larger than 8, where the exact value is FFS. 
Proposal 2: The maximum number of codepoints in the TCI field for beam indication under unified TCI framework is 8.  
Proposal 3: The maximum number of configured TCI states (including joint TCI state(s), DL-only TCI state(s) and UL-only TCI state(s)) is set as 256. 
During an offline discussion for the remaining open issues, one issue has been brought out that how to perform BFR for unified TCI framework with PDCCH/PDSCH sharing the same TCI state. Specifically, how to derive implicitly BFD-RS set and assure only one-port periodic CSI-RS is selected. From our view, since we only have two meetings to wrap up Rel-17 FeMIMO, it is highly risky if we need to complete all parts of BFR procedure under unified TCI framework. Therefore, RAN1 may need to firstly consider whether to include BFR procedure into discussion scope of the following two meetings. 
Proposal 4: RAN1 to discuss and decide whether BFR procedure is supported under unified TCI framework in Rel-17. 
	RAN1#106(e)
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




While unified TCI concept should be applied to as many channel/signals once introduced, one should pay attention on some channels/signals whose functional nature is not suitable for such purpose. In RAN1#103-e, it has been agreed to support applying UL TX spatial filter for separate UL TCI beam to SRS resources configured for antenna switching/codebook-based/non-codebook-based UL transmission. In RAN1#106-e, we also had the above agreements. However, in this regard and extending the discussion to DL case, the following points need to be sorted out for clarification.
•	There are different types of CSI-RS: for CSI report, for beam management, for tracking. Since unified TCI indication intends to provide at least data channel beam, it is sensible to apply the concept for CSI-RS for CSI. And we believe it should be applied for P and SP CSI-RS for CSI as well. On the other hand, CSI-RS for beam management (other than with repetition “on”) and for tracking should not follow the unified TCI indication since these two types of CSI-RS are meant to provide synchronization information in spatial and time/frequency domain for training purpose, and the training is not limited to channels with actual communication needs. With that being said, it is worth mentioning that for CSI-RS-BM with repetition “on”, we on the contrary see the benefit of following unified TCI beam. CSI-RS-BM with repetition “on” is used for refining UE-side RX beam, with the gNB beam fixed. The fixed gNB beam is most likely the selected beam for data transmission.
Proposal 5: Support the following RS to 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: CSI-RS for BM with repetition ‘on’. 
Proposal 6: Support the following RS to 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: P/SP CSI-RS for CSI. 
In RAN1#105(e), the following agreements were achieved.
	RAN1#105(e)
Agreement
On Rel.17 unified TCI framework, for common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of configured CCs/BWPs
· The source RS determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for a target CC can be configured in the target CC or other CC
· For intra-band CA, the following configurations can be supported without additional QCL rules: 
· One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-TypeD RS 
· “A set of configured CCs/BWPs” includes all the BWPs in the set of configured CCs 

RAN1#106(e)
Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximu	m number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC




It is consensus to 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 over previous meetings. This is similar as in Rel-16 scope where QCL-TypeA RS shall be in the same CC as the target channel or target RS, and QCL-TypeD RS can be across CCs. In principle, shared QCL-TypeD reference concept is applicable to intra-band CCs where long-term channel characteristics are similar. The same statement is not necessarily true for inter-band CCs. While signaling-wise, we do not need to limit the specifications in anyway, but in practice, allowing not sensible possibility would introduce un-necessary ambiguity in realistic network. In addition, we are willing to confirm the WA related to common TCI state ID update and activation. 
Proposal 7:  Common TCI state ID update and activation across inter-band CCs is not introduced until proper justification. 
3. Beam indication
In previous meetings, beam indication for unified TCI has been discussed and a PDSCH-beam-indication-like framework was agreed in RAN1#103-e, applicable for both joint and separate DL/UL beam indication. DL DCI format 1_1/1_2 with DL Assignment (DLA) was also agreed to be reused for such beam indication purpose, and an acknowledgement mechanism for indicating successful decoding of beam indication DCI is supported. Additionally, the following was agreed in previous meetings: 
	RAN1#104b(e)
Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· […]



The use of HPN field is still FFS from the above RAN1#104b(e) agreement. During RAN1#104b(e) discussion, it is the majority understanding that Rel-17 DCI beam indication does not support indicating more than 1 TCI field in one indication DCI. As such, we do not see other needs which requires repurposing HPN field, especially for DCI 1_1/1_2 without DLA. Thus, fixing the HPN field for DCI validation seems sensible.
Proposal 8: When used for Rel-17 unified TCI indication, HPN field in DCI format 1_1/1_2 without DLA is set to a fixed value.
	RAN1#105(e)
Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements

RAN1#106(e)
Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, further down select one from the following alternatives for the case of CA:
· Alt1: The first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication
· Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment
· Alt3: The first slot and the Y symbols are both determined on the UL carrier carrying the acknowledgment.




Over previous meetings, RAN1 has been discussing the unit of application time of a beam indication, i.e. whether the unit is in X ms or Y symbols. In last meeting, we decided to have the unit of Y symbols. However, there are still some open issues. For example, how to define the Y symbols. In our opinion, referring from legacy behaviours, we believe value of Y should be both related to the carrier(s) applying the beam indication and the UL carrier for transmitting the HARQ-ACK. Hence, we propose the followings. 
Proposal 9: On Rel-17 DCI-based beam indication, the first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment. 
4. MP-UE
	RAN1#103(e)
Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

RAN1#104(e)
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection, for discussion purpose, a panel entity corresponds to one or more RS resources:
· For CSI/beam reporting, the RS resource is an RS associated with measurement and/or reporting
· For beam indication, the RS resource is a source RS for UL TX spatial filter information
· Note: For one RS resource, the corresponding panel entity may vary and is controlled by the UE, and whether/how to maintain a common understanding between gNB and UE can be further discussed/decided
· Note: The above does not preclude possibility that an RS resource can be mapped to multiple panels
· Note: The one or more RS resources may correspond to one or more RS resource set(s) depending on further discussion/decision
· Note: Specification should not be designed in such a way that the UE is required to disclose its antenna implementation

RAN1#104b(e)
Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· 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)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose

Agreement
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· Information related to the total number of DL/UL panel entities
· Information related to the number of (max) antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 

Agreement
On Rel.17 enhancements for MPUE, for codebook based UL transmission, decide by August RAN1 meeting whether to support CB-based SRS resources with different numbers of ports
· FFS details (e.g. per resource or per resource set)
· Note: the above is not for Rel-16 full power transmission but for Rel-17 panel-specific UL transmission
· FFS: non-codebook based UL transmission for MPUE 
· FFS whether existing BWP switch based mechanism (discussed previously in Rel-16 power saving WI) can serve such purpose 




Per RAN1#104-e agreement, UE UL panel selection can be based on Rel.17 TCI state update. Though it is not explicitly stated, the selected UL panel should be among a set of active panels. Apparently, a common understanding between gNB and UE on active UE UL panels is the baseline requirement for enabling fast panel selection. Otherwise, network may schedule a DL or UL transmission, which is indicated to perform via a deactivated panel. Per RAN1#103-e agreements on “UE-initiated UL panel selectin/activation”, it implies that UE should be able to decide at least the number of activated UE panels. Further, from the agreed use cases on MPE and power saving, the UE should be able to activate/deactivate a subset of UE panels based on its decision. In this sense, reporting panel status (active/de-active ones) by UE for panel selection seems necessary. It was agreed in RAN1#104-e that a panel entity corresponds to one or more RS resources. Assuming association between a panel entity and RS(s) is established by UE implementation, L1 beam reporting seems to provide enough information on active panels at least for DL measurement. However, a L2 panel status reporting is still desirable since L1 reporting does not guarantee robustness and the penalty of missed L1 report(s) related to panel status is huge. Further, current L1 beam reporting requires UE to report beams with strongest RSRP. If a panel is not desirable by UE, there seems no means for UE not to report it. Devising a L2 panel status report construct a filter that filters out beams corresponding to not desirable panel(s).
Proposal 10: Devise a L2 panel status report mechanism on top of L1 beam report for robust delivery and for UE-initiated panel activation.
5. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Proposal 1: The maximum number of active TCI states (for separate DL/UL TCI) is allowed to be larger than 8, where the exact value is FFS. 
Proposal 2: The maximum number of codepoints in the TCI field for beam indication under unified TCI framework is 8.  
Proposal 3: The maximum number of configured TCI states (including joint TCI state(s), DL-only TCI state(s) and UL-only TCI state(s)) is set as 256. 
Proposal 4: RAN1 to discuss and decide whether BFR procedure is supported under unified TCI framework in Rel-17.
Proposal 5: Support the following RS to 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: CSI-RS for BM with repetition ‘on’. 
Proposal 6: Support the following RS to 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: P/SP CSI-RS for CSI. 
Proposal 7:  Common TCI state ID update and activation across inter-band CCs is not introduced until proper justification. 
Proposal 8: When used for Rel-17 unified TCI indication, HPN field in DCI format 1_1/1_2 without DLA is set to a fixed value.
Proposal 9: On Rel-17 DCI-based beam indication, the first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment. 
Proposal 10: Devise a L2 panel status report mechanism on top of L1 beam report for robust delivery and for UE-initiated panel activation.
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