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Introduction
Rel-16 eMIMO introduced various enhancements for multi-beam operation. Rel-17 FeMIMO WI further enhances the multi-beam operation [1].
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. 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:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. 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 


Discussion
2.1 Unified TCI and Common Beam Operation
In RAN1#106-e, the following was agreed.
	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



It was agreed that aperiodic CSI-RS resources for CSI and for BM can share the Rel-17 TCI state (of UE-dedicated PDSCH etc). This implies that such CSI-RS resources might not share the Rel-17 TCI, i.e. the Rel-15/16 mechanism for TCI state is applicable. It should be supported that a subset of a UEs aperiodic CSI-RS resources for CSI and for BM are configured to follow the Rel-17 TCI state. Since the TCI state is configured per aperiodic CSI-RS resource set in the aperiodic trigger configuration, it may be suitable to configure if the aperiodic CSI-RS resource set shares the Rel-17 TCI state also in the aperiodic trigger state configuration.
Proposal 1: It can be configured if an aperiodic CSI-RS resource set (for CSI or BM) shares 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.
Similarly, it was agreed that 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. It seems reasonable to configure per aperiodic SRS resource set level if it should follow the same indicated Rel-17 TCI state, or whether the Rel-15/16 mechanism for TCI is applicable for the aperiodic SRS resource set (and the SRS resources therein).
Proposal 2: It can be configured if an aperiodic SRS resource set for BM shares the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC.
In RAN1#106-e, the following was agreed.
	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 maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC



There are still brackets around [configured]. If “[configured]” is removed from the text, it seems to imply that the set of CCs/BWPs is determined in some implicit way, e.g. through a rule defined in the specification. Given that the common approach for previous enhancements is to configure a list of CCs/BWPs, it is preferred also here. Configuration also provides the network with additional flexibility.
Proposal 3: Remove the brackets around [configured] in the RAN1#106-e agreement.
The most attractive (efficient) mode of common beam operation is the use of the same common beam for both DL and UL. For example, DL control and data channels and their associated reference signals as well as UL control and data channels and their associated reference signals use the same CSI-RS resource as spatial source/reference. A beam switch of all those DL/UL channels/signals could potentially be achieved with a single TCI state update, with low latency and overhead.
On the other hand, it should also be possible to activate different TCI states for UL and DL, which for instance may be useful in heterogeneous networks and during MPE events. However, such operation with different TCI states for UL and DL is the exception, while common beam operation for UL and DL is the more common situation. Enhancements should therefore be optimized for joint UL/DL beam indication, while still supporting separate indications. 
Note that separate UL/DL beam indication could be used by the network during a time period, e.g. during an MPE event, and joint UL/DL beam indication could be used during other periods. From a configuration overhead perspective, it is most efficient to use the same TCI state pool for joint and separate UL/DL beam indication. 
It was agreed that at least for joint DL/UL TCI, the UL TX beam could be determined from the source RS with QCL-TypeD in the TCI state. Since both DL and UL TCI can be determined from the same TCI state in the case of joint DL/UL TCI, it seems feasible to also determine a separate UL TCI from a TCI state in the same pool.
Proposal 4: For the case of separate DL and UL TCI state update, the UL TCI state is taken from the same TCI state pool as the DL TCI state. If there are two RS in the DL TCI state, the RS with QCL typeD is used as UL spatial source RS.
In massive MIMO and multi-TRP deployments, a large number of CSI-RSs for BM is required to ensure that a reported DL beam is close to the optimal DL beam. To some extent, this issue can be alleviated by the iterative beam refinement procedure, which however has the drawback of increased latency and complexity, and potentially increased reconfiguration overhead.
Using SRS for BM as a spatial source RS for DL could be beneficial in the context of massive MIMO and multi-TRP, since the amount of CSI-RS for BM and corresponding measurements and reporting can be reduced.
The beam management latency using CSI-RS involves CSI-RS transmission and UE RX beam adjustments, L1-RSRP/SINR measurement, CSI report encoding/transmission on PUCCH/PUSCH on the UE side, and decoding of CSI report on the gNB side.
The beam management latency using SRS for BM involves SRS transmission on the UE side and gNB RX beam adjustments and measurements on the gNB side.
Hence, beam management latency could be reduced by using SRS for BM as spatial source RS for DL.
In terms of UE power consumption, more SRS transmission may be introduced, but this may be compensated by less CSI measurement and CSI reporting on PUCCH/PUSCH.
Proposal 5: SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework.
 2.2 Dynamic TCI State Signaling
The following was agreed in RAN1#105-e and RAN1#106-e:
	Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1

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)

Conclusion
On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than  (M,N)=(1,1)



It was agreed that beam indication with Rel-17 unified TCI using DCI format 1_1/1_2 without DL assignment is supported. It can be useful for instance if there is no DL data to be transmitted. The indicated unified TCI can apply not only to PDSCH, but also to PDCCH and UL channels. Hence, the TCI state may need to be updated also during periods without DL data.
Beyond the absence of a DL assignment, the use case for TCI indication is similar for DCI with DL assignment and without DL assignment, since both DL TCI and/or UL TCI may need to be updated. Hence, the TCI codepoints correspond to the same activated TCI states for both DCI format 1_1/1_2 with and without DL assignment. Furthermore, the full functionality of dynamic TCI state signaling for unified TCI framework, incl. joint and separate TCI, needs to be supported by both with and without DL assignment, since a UE may support DCI with DL assignment, but not DCI without DL assignment.
Proposal 6: The TCI codepoints indicated in DCI format 1_1/1_2 correspond to the same activated TCI states for both with and without DL assignment.
It was agreed that a UE can be RRC configured to use either joint TCI or separate DL/UL TCI. For joint TCI, the same RS acts as spatial/QCL source RS. For separate DL/UL TCI, a TCI field codepoint can represent a DL TCI and an UL TCI. The source RS that provides QCL typeD in the DL TCI and the spatial source RS in the UL TCI may be the same RS or different RS. If they are the same, the TCI field codepoint is in practice equivalent to a joint TCI. Hence, for a UE configured with separate DL/UL TCI, dynamic switching between separate DL/UL spatial source RS and joint DL/UL spatial source RS is supported.
Observation: For a UE configured with separate DL/UL TCI and for a TCI field codepoint representing a pair of DL TCI and UL TCI, the spatial source RS in the UL TCI can be the same as the QCL typeD source RS in the DL TCI.
To support the functionality discussed above, a MAC CE that can activate up to two TCI states per TCI field codepoint is needed. Whether or not to use the same MAC CE for separate DL/UL TCI and joint TCI can be left to RAN2. 
Proposal 7: Design and specification of one or two MAC CEs for separate DL/UL TCI and joint TCI is  up to RAN2.
For the case when there is only UL data, there is also a need to maintain the DL TCI, since at least PDCCH needs to be operational. Furthermore, even if there is only UL data, there is typically a need to transmit MAC CEs as well as higher layer control signaling in PDSCH. Therefore, there is no need for special handling of the case with only UL data.
Proposal 8: No further enhancement for the case with only UL data.
Upon beam measurement and reporting, the gNB may decide to update the beam for DL and/or UL. In some cases, this involves indicating the new beam in a DCI. In other cases, the new beam is not yet mapped to a TCI codepoint. If so, the gNB first needs to activate a new set of TCIs using a MAC CE, waits some time until the TCI has been activated, and finally indicates it using a DCI. The last step could be avoided if the UE applies one of the newly activated TCI codepoints (e.g. lowest codepoint) directly upon activation, i.e. without DCI based indication. This speeds up beam application following MAC CE based activation, and also avoids the case of a deactivated TCI codepoint being applicable for CORESETs before a newly activated TCI codepoint is indicated in a DCI. Naturally, it’s up to gNB if it directly wants to indicate another TCI codepoint after activation, for example based on the most recent beam measurement and reporting.
Proposal 9: When multiple TCI codepoints are activated by MAC CE, the TCI state(s) for one of the codepoints is/are applied directly upon activation.
Conclusion
In this contribution, we considered aspects of multi-beam operation enhancement. We have the following proposals: 
Proposal 1: It can be configured if an aperiodic CSI-RS resource set (for CSI or BM) shares 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.
Proposal 2: It can be configured if an aperiodic SRS resource set for BM shares the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC.
Proposal 3: Remove the brackets around [configured] in the RAN1#106-e agreement.
Proposal 4: For the case of separate DL and UL TCI state update, the UL TCI state is taken from the same TCI state pool as the DL TCI state. If there are two RS in the DL TCI state, the RS with QCL typeD is used as UL spatial source RS.
Proposal 5: SRS for BM can be configured as a source RS to represent a DL RX spatial filter in the unified TCI framework.
Proposal 6: The TCI codepoints indicated in DCI format 1_1/1_2 correspond to the same activated TCI states for both with and without DL assignment.
Observation: For a UE configured with separate DL/UL TCI and for a TCI field codepoint representing a pair of DL TCI and UL TCI, the spatial source RS in the UL TCI can be the same as the QCL typeD source RS in the DL TCI.
Proposal 7: Design and specification of one or two MAC CEs for separate DL/UL TCI and joint TCI is  up to RAN2.
Proposal 8: No further enhancement for the case with only UL data.
Proposal 9: When multiple TCI codepoints are activated by MAC CE, the TCI state(s) for one of the codepoints is/are applied directly upon activation.
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