3GPP TSG RAN WG1 Meeting #106-e	R1-2106541
e-Meeting, Aug 16th – 27th, 2021
Source:	ZTE
Title:	Enhancements on Multi-beam Operation
Agenda Item:	8.1.1
Document for:	Discussion and Decision
1 Introduction
In RAN1#105-e [1] and previous meetings, enhancements on multi-beam operation were discussed and progresses were reached on unified TCI framework, L1/L2-centric inter-cell mobility, UL fast panel selection, enhancement related to MP-UE and advanced beam training/tracking with latency reduction. In this contribution, we analyze further details and provide our views on these topics.
2 Enhancement for efficient DL/UL beam management
2.1 Unified TCI framework for both DL and UL
The objective of unified TCI framework is to achieve a flexible beam update scheme for DL/UL data and control transmission/reception with low signalling overhead and latency. The at least one source RS of a TCI state provides a reference for determining QCL assumption and/or spatial filter. 
2.1.1 Configuration framework for unified TCI 
In previous RAN1 meetings, it was agreed that both joint and separate TCI state indication schemes are supported in Rel-17. Meanwhile, the common RRC configured TCI state pool for joint TCI state indication has been agreed. But, for separate DL and UL TCI state indication, whether a common or a separate RRC TCI state pool should be adopted is still FFS. Besides, how to support activating TCI state sets via MAC CE is also FFS.
· Regarding RRC configured TCI state pool for separate DL and UL TCI state indication scheme, we suggest a common RRC configured TCI state pool. Because if there are two separate pools for DL and UL TCI state indication, a total independent configuration for UL TCI state (related to all candidate UL beams, e.g., up to 64 states) is needed, like Rel-15/16 spatialRelationInfo configuration. It may cause a huge RRC overhead and redundancy while considering DL TCI state configuration. 
· Regarding MAC CE, we have the following views.
· For joint TCI state indication, it seems that a single common TCI state set in MAC-CE is also sufficient, like reusing the TCI state pool activated for PDSCH by legacy Rel-15 MAC-CE;
· For separate DL and UL TCI state indication, one TCI codepoint can be activated with a DL TCI state, a UL TCI state, or 2 independent TCI states for DL and UL, respectively, by MAC-CE.
Proposal 1: The common TCI state pool in RRC should be supported for both joint and separate DL and UL TCI state indication.
· For joint TCI state indication, the legacy Rel-15 MAC-CE for PDSCH TCI state activation/deactivation can be used.
· For separate DL and UL TCI state indication, a new MAC-CE is introduced for associating one TCI codepoint with up to 2 TCI states for DL and/or UL, respectively, which means that the legacy TCI field in DCI can be reused.
2.1.2 Power control for UL TCI state
Regarding power control for unified TCI state, there were agreements as follows in RAN1#105-e.
	Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state


According to the above agreement, PL-RS is supposed to be associated with UL/joint TCI state when UE supports “beam misalignment”. However, how to handle the case that UE does not support “beam misalignment” is not clear. In this case, gNB can ensure beam alignment between an associated PL-RS and the source RS of UL/joint TCI state for spatial relation. Alternatively, gNB does not provide a PL-RS associated with UL/joint TCI state, and UE applies periodic DL source RS in the UL/joint TCI state for PL estimate. If there is no periodic DL source RS in the UL/joint TCI state to provide spatial relation, gNB shall provide a PL-RS associated with UL/joint TCI state.
Proposal 2: Regarding UE capability of “beam misalignment”
· If UE does NOT support “beam misalignment”, UE expects that the associated PL-RS should be the same as periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication; otherwise, whether the associated PL-RS and the DL source RS in TCI are same or not can be up to gNB configuration. 
· If no PL-RS is associated with the UL or (if applicable) joint TCI state, periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication should be assumed as PL-RS.
Regarding remaining issues in the agreement related to other PC parameters:
· Remaining issue 1: “(Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.”, we support to confirm the WA, and from our perspective, MAC-CE level combination between other PC parameters and TCI state is much flexible and causes less latency than RRC reconfiguration. 
· Regarding issue 2: “FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state”, in our views, the way of independent settings for each channel is much simpler than dependent way, i.e. same setting + channel dependent component, and small overhead difference between them is not essential for RRC signaling. 
· Remaining issue 3: “FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state”, in our views, setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state, besides for PUSCH and PUCCH.
· Unified TCI state is supposed to be applied for SRS with the same Tx beam as PUSCH, and it is straightforward that such SRS should share the same closed loop value with the currently active closed loop of PUSCH. That is, the closed loop procedure of SRS should be tied with PUSCH, which has been supported by individual RRC parameter in Rel-15/16 (as shown in the following table).
· An SRS resource set can be associated with a TCI state, and then the related power control parameters can be used for SRS resources within the SRS resource set.
	TS38.213 7.3.1	UE behaviour




-	For the SRS power control adjustment state for active UL BWP  of carrier  of serving cell  and SRS transmission occasion 


-	, where  is the current PUSCH power control adjustment state as described in Clause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions; or


Proposal 3: Confirm the following working assumption in RAN1 #105-e: 
· “(Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.”
Proposal 4: The setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state, besides for PUSCH and PUCCH.
· UE assumes that the closed loop procedure for SRS is tied with the currently active PUSCH closed loop.
2.1.3 Common beam update cross carriers
In RAN1#105-e meeting, a general framework for common DL/UL beam indication cross carriers (CCs) under the unified TCI framework was agreed as follows. In this subsection, we further discuss the remaining issues.
	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 

Working Assumption
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 (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


The above working assumption supports both a common RRC TCI state pool for the set of configured CCs and separate RRC TCI state pool per individual CC. According to our previous analysis, the former can significantly save RRC overhead over the latter, e.g., 1.12kB vs 143.36 kB [2], while the latter method can provide flexibility. 
Therefore, we support to confirm the working assumption with minor modification. 
Proposal 5: Confirm the following working assumption in RAN1 #105-e with minor modification: 
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
Consequently, regarding CC group, we now have two independent features from RRC level and MAC level. 
· In RRC level, TCI state pool can be absent in PDSCH configuration, e.g. PDSCH-Config, for a BWP/CC, and replaced by a reference BWP/CC indication a TCI state pool configured in a reference BWP/CC. In this case, TCI state pool can be configured per CC group. 
· In MAC level, TCI state(s) in a MAC CE is activated for a group of CCs, and the CC group is configured in RRC as in Rel-16. In this case TCI state is activated per another kind of CC group. 
Then, for saving RRC overhead of PL-RS configuration, the above reference mechanism as in WA can be further introduced for PL-RS configuration in our views. Considering TCI state pool may be configured in a DL BWP/CC, and PL-RS pool may be configured in a UL BWP/CC, BWP/CC index for the PL-RS pool should be explicitly indicated. A reference BWP/CC ID for PL-RS pool should be indicated per UL BWP/CC. 
Proposal 6: Common RRC-level PL-RS pool can be shared with multi-BWP/CC that is analogous to sharing TCI state pool cross multi-BWP/CC.
·  RRC-configured PL-RS pool(s) can be absent in the PUSCH/PUCCH/SRS configuration for each BWP/CC, and replaced with a reference to RRC-configured PL-RS pool(s) in a reference BWP/CC.
2.1.4 Source RS and target RS/channel for TCI state
It has been discussed several times about whether more RS types can be allowed as source RS for DL and UL TCI state in Rel-17. In RAN1#105-e, the following agreements were reached.
	Agreement 
On Rel.17 unified TCI framework, 
· 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 (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

Agreement 
On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of 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
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some 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

Agreement 
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), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).


Regarding source RS for DL TCI state,
· In Rel-16, a DL RS (either CSI-RS or SSB) can be configured as a source RS to represent a DL RX filter, and a DL/UL RS (CSI-RS, SSB or SRS) can be configured as a source RS to represent an UL TX filter. It is well-known that an UL TX spatial filter can be obtained from a DL RX spatial filter, and it is undisputed that the reversed direction is also viable. This may mean that SRS, at least for BM, can be configured as a source RS to represent a DL RX filter.
· Besides, SSB and CSI-RS for CSI are both downlink signals and should be allowed to be source RS for DL TX filter, especially for CSI-RS for CSI that has already been supported in the Rel-15/16 QCL rule.
Regarding target RS/channel of DL TCI state or joint DL and UL TCI state 
· We support aperiodic CSI-RS for CSI and for BM that can be applied based on the default beam mechanism in Rel-15/16. For instance, CSI-RS for CSI is mainly used for DL transmission and most probably share the same beam as DL transmission. However, it should be noticed that periodic and semi-persistent CSI-RS should be precluded for this enhancement. 
· Firstly, the periodic CSI-RS is usually configured as a source RS for determining the QCL assumption, and if the periodic CSI-RS is indicated as both reference and target RS, the QCL chain becomes a weird closed-loop. 
· Then, in order to save RS overhead, the periodic RS is cell-specific RS from gNB perspective, and we have to experience very huge RS overhead once we allow to configure UE-specific periodic RS for facilitating the dynamic/UE-specific TCI update, unless that the TCI state can further adjust a time-domain offset of CSI-RS for CSI in order to match cell-specific CSI-RS/TCI time pattern in gNB side.  
· Then, in our views, DMRS(s) associated with non-UE-dedicated reception on CORESETs can be the target RS of unified TCI indication. Unified TCI state should be applied to all CORSETs which can be associated with common search space or UE specific search space. And unified TCI state should also be applied for non-UE-dedicated reception on PDSCH.
Proposal 7: Regarding source RS and target RS/channels for DL TCI state in Rel-17 unified TCI,
· SSB, CSI-RS for CSI, and/or SRS for BM can be supported as source RS types for DL TCI state;
· Aperiodic CSI-RS for CSI and DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs (as in Rel-15/16) can be supported as target RS types for DL TCI state;
· Note that periodic and semi-persistent CSI-RS (e.g., periodic/semi-persistent CSI-RS for CSI, and periodic TRS) should NOT be supported as target RS types for DL TCI state.
Besides, for RSs/channels (e.g., periodic and semi-persistent CSI-RS, and SRS for BM) to which Rel-17 unified TCI can NOT apply, Rel-15/16 signaling mechanisms are used. For DL, those RSs/channels also share the same/single RRC TCI state pool as for unified TCI framework, and for UL, those RSs/channels can reuse the RRC spatial relation pool as in Rel-15/16.
Proposal 8: For RSs/channels to which Rel-17 unified TCI can NOT apply, Rel-15/16 signaling mechanisms are reused.
· For DL RSs/channels, the same/single RRC TCI state pool as for unified TCI framework can be shared.
· For UL RSs/channels, the RRC spatial relation pool as in Rel-15/16 can be reused.
2.1.5 The number of TCI states to be indicated for transmission
The number of TCI states to be indicated for a transmission, i.e. M for DL and N for UL, is studied from 1 as a starting point. Whether M>1 and/or N>1 is supported is still open. There were agreements as follows in RAN1 #105-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

Agreement
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope


Regarding the number of TCI states to provide QCL/spatial relation information in an indication command, i.e. M for DL TCI and N for UL TCI as agreed in RAN1#102e, whether the number should be larger than 1 still remains undecided. In our opinion, the number of TCI states to be indicated for transmission greater than 1 is used for mTRP scenario. For example, in mTRP with S-DCI, a TCI codepoint in a DCI can indicate two TCI states, each of which corresponds to one respective TRP. 
Note that it has been discussed several rounds for sTRP (i.e., M=N=1) in recent RAN1 meetings. Remaining issues for sTRP are expected to be addressed in upcoming one or two RAN1 meetings. On the other hand, mTRP is an essential enhancement in Rel-16 and Rel-17 for 5G MIMO, and is reasonable to be supported by unified TCI framework. Regarding the design for DCI and/or MAC CE, even for RRC signaling, how to fulfil the requirements of both sTRP and mTRP is a key consideration when we compare different methods and make final decision for unified TCI framework. 
· For example, a new type MAC CE may be introduced for unified TCI framework. If only considering sTRP, the MAC CE will be simple. But if mTRP is introduced for unified TCI framework later, the new MAC CE for sTRP may not be enhanced for supporting mTRP, then an additional new MAC CE may be needed which seems redundant. Therefore, a new unified MAC CE suitable for both sTRP and mTRP is preferred for facilitating forward compatibility. Further details can be found in our companion contribution [2].
Proposal 9: Regarding the number of TCI states to be indicated by a single command for DL and/or UL transmission,
· M=N=1 for sTRP should be discussed with higher priority
· M>1, N>1 can be used for mTRP as a starting point and lower priority.
2.2 Signaling design for DCI based TCI state indication
In RAN1#105-e, the following agreement was reached for the applicable timing of TCI state indication.
	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


For the sake of presentation, one example for the agreed method considering ACK mechanism directly in response to DCI is shown in Figure 1. Note that, for semi-static HARQ-ACK codebook, the virtual PDSCH should be assumed in the same slot as the DCI without DL assignment, and the time-domain allocation of the virtual PDSCH within the given slot is determined according to the SLIV of indicated TDRA field.
· With the above agreement, there are still some aspects need to be studied. Considering flexibility of the application time for different scenarios, such as cross CC, inter-cell, inter-panel, etc., one straightforward way is by means of indication via a field, e.g. TDRA, in DCI, especially for DCI without DL assignment. 
· The consideration on the starting point for applying the unified TCI should be taken on for simplifying the beam indication procedure, and then Rel-15/16 default beam/power control mechanism for PDSCH/PUCCH/SRS should NOT be supported on Rel-17 unified TCI framework.
Proposal 10: Regarding application time of the TCI state indication for both of the DCI with or without DL assignment, the following aspects should be further supported: 
· The application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel.
· The application time can be indicated by TDRA field in DCI, especially for the DCI without scheduling a real PDSCH.
· On Rel.17 unified TCI framework, Rel-15/16 default beam/power control mechanism for PDSCH/PUCCH/ SRS is NOT supported. 


Figure 1 Application time of TCI state indication (i.e., X ms or Y symbols after ACK) for semi-static HARQ-ACK codebook, where virtual PDSCH is assumed in the same slot of the DCI by UE
2.3 L1/L2-centric inter-cell mobility
2.3.1 Dynamic activation/deactivation SSB of non-serving cell
In RAN1#104b-e, there is following agreement about L1/L2-centric inter-cell reporting. 
	Agreement #1
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-Initiated 
Agreement #2
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, for L1-RSRP measurement and at least aperiodic reporting, investigate and, if needed, specify MAC CE based dynamic activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs


For semi-persistent and aperiodic reporting for L1/L2-centric inter-cell mobility, the beam measurement related to non-serving cell SSB(s) also can be dynamically activate/deactivate by a MAC-CE in order to save UE complexity. In such case, the UE only need to measure the non-serving cell SSB(s) once the corresponding measurement for semi-persistent or aperiodic reporting is activated by MAC-CE. 
· Regarding semi-persistent reporting, the current MAC-CE for activating semi-persistent CSI-RS set can be reused to activate a non-serving cell SSB set. In the MAC-CE, cell information as a new non-serving related parameter set, can be indicated for each SSB resource in a SSB set, rather than indicating TCI state. 
· The non-serving cell information includes PCI, and SSB related information such as half frame index, periodicity, carrier information, SCS information and Case information, wherein the Case includes Case A~Case E which is to determine time pattern of SSB as described in 38.213.
· Then, there are two candidate solutions for configuring the non-serving cell information for candidate SSB:
· Alt-1: There are multiple SSB sets corresponding to different non-serving cell, and non-serving cell information can be configured per SSB resource in RRC level;
· Alt-2: Multiple candidates of non-serving cell information is pre-configured in RRC, and then the MAC-CE further activate one of multiple candidates for an SSB resource in one activated SSB resource set for measurement.  It means that the association between SSB resource and non-serving cell information is performed by MAC-CE instead of RRC.
· In our views, compared with Alt-1, Alt-2 can significantly save RRC signaling overhead for candidate non-serving cell SSB sets (e.g., up to 64 neighboring cells for UE mobility in Rel-15/16) with the same flexibility. Therefore, Alt-2 is preferred.
· Regarding aperiodic reporting, in RRC level, the TCI state of an aperiodic CSI-RS in current trigger states can be replaced with non-serving cell information accordingly. Specifically, the trigger state includes non-serving cell information for each SSB resource in an SSB resource set. Then, the UE only need to measure the non-serving cell SSB set associated with a trigger state activated by the legacy MAC-CE for activating AP-CSI triggering state(s). 
· 
In Rel-15/16, there is a rule that the legacy MAC-CE is required only when the number of RRC candidate triggering states is greater than the maximum number of candidate codepoints of CSI request field in DCI. But, for saving the UE complexity for non-serving cell measurement, this rule of disabling the legacy MAC-CE should be removed. To be more specific, even if the number of trigger states configured by RRC is smaller than or equal to , the legacy MAC-CE for activating AP-CSI triggering state(s) is also needed, where NTS is the number of bits of the CSI request field.
Proposal 11: For L1-RSRP measurement for semi-persistent and aperiodic reporting in L1/L2-centric inter-cell mobility and inter-cell mTRP, the measurement of non-serving cell SSB(s) can be activated/deactivated by MAC-CE
· Regarding semi-persistent reporting, non-serving cell information (rather than TCI state in the legacy MAC-CE for SP-CSI-RS activation) can be activated by MAC CE for each SSB resource in a RRC configured SSB set.
· Regarding aperiodic reporting, aperiodic CSI-RS in a trigger state can be associated with non-serving cell information in RRC (rather than being configured per aperiodic CSI-RS resource), and then the legacy MAC-CE for activating AP-CSI triggering sate is reused for dynamically enabling the measurement. 
· Note that, compared with Rel-15/16, the legacy MAC-CE should be always used, regardless whether the number of RRC candidate triggering states is greater than the maximum number of candidate codepoints of CSI request field in DCI.
2.3.2 UE-Initiated L1/L2 reporting of neighboring cell
In RAN1#105-e, there is following agreement about L1/L2-centric inter-cell reporting. 
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies


As shown in section 2.3.1, NW initiated L1/L2 reporting of neighboring cell has been agreed in RAN1#104b-e meeting. Besides NW initiated L1/L2 reporting of neighboring cell, the UE initiated L1/L2 reporting should also be supported. For instance, L1-RSRP reporting can be carried by a MAC-CE after initialized by an event (e.g., when a neighboring cell has a better channel quality than a serving cell). Instead of specifying UE measurement and this triggering event in MAC level, we can consider that the event can be directly initialized from an L3 mobility measurement. 
Compared with NW-initiated L1/L2 reporting of neighboring cell, the latency of UE-initiated L1/L2 reporting should be much smaller because the UE can initiate the L1 reporting for a neighboring cell by trigger event without waiting for the signaling from gNB, and meanwhile the L1 reporting on demand can save UE power consumption significantly as BFR procedure. As the trigger event is based on L3 mobility, it can avoid too frequency reporting of neighboring cell. It can get good trade-off between power consumption and reporting in time. 
Proposal 12: Besides NW-Initiated reporting, event-driven mechanism for L1/L2-centric inter-cell mobility should be supported.
· L1-RSRP reporting involving new candidate beams and non-serving cell information (e.g., PCI) can be carried by a MAC-CE after initialized by an event triggered by L3 mobility measurement.
2.3.3 Differential L1-RSRP and transmitting power per non-serving cell
In RAN1#104b-e, some discussion on reporting format for L1/L2-centric inter-cell mobility was made, and then the following agreement was reached. 
	Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.


In order to report beams of serving cell and neighboring cell in one reporting and increase diversity and robustness of beams, the offset of L1-RSRP between beams of different cells can be larger than offset of L1-RSRP between beams of one cell. Then, in our views, differential RSRP should be performed between beams of each of non-serving/serving cell. Specifically, the UE reports the largest L1-RSRP per non-serving cell/serving cell using absolute value and then reports the differential L1-RSRP of remaining beams of the non-serving/serving cell using differential L1-RSRP. 
Proposal 13: Differential L1-RSRP should be performed per non-serving cell/serving cell, where beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell in a reporting instance. 
The transmit power of SSBs from different cells can be different. If the L1/L2 reporting of neighboring cell is for scheduling downlink transmission, the information of transmit power may NOT be needed, and herein the UE selects cell(s) and beam(s) to be reported only based on receive power. However, if the L1/L2 reporting of non-serving cell is used for scheduling uplink transmission, then the transmit power should be considered: the UE selects cell(s) and beam(s) based on difference between receive power and transmit power corresponding to SSB. So, it is recommended that, through configuring different reporting quantity parameters, the gNB can initialize an appropriate CSI-report with sufficient flexibility, e.g., based on L1-RSRP or difference between receiving L1-RSRP and transmit power, like coupling loss. 
Proposal 14: For L1/L2 reporting for non-serving cell measurement, gNB can select for a CSI reporting configuration a report quantity from ‘L1-RSRP’ and ‘difference between receiving L1-RSRP and transmit power’ (e.g., like coupling loss). 
2.3.4 Different TCI state groups associated with different configuration 
There is following agreement in RAN1#104-e and RAN #92-e about scheme of L1/L2 inter-cell mobility and the LS [3] has been sent to RAN2 after email discussion. 
	Agreement #1 (RAN1#104-e)
Send an LS to RAN2 on TCI state update (beam indication) using source RS configured for non-serving cell(s) for DL reception and UL transmission. The following topics are considered for the LS: 
RRC configuration issues
Serving cell issues
C-RNTI issues
Issues related to CU-DU split
Inter-band CA issues
Inter-frequency issues
Agreement #2 (RAN#92-e)
For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases


For Scenario-1 without changing between serving cell, there are following schemes to allow the UE communicate with serving cell and non-serving cell simultaneously in a same serving cell group.
· Scheme-1: serving cell and non-serving cell corresponds to different BWPs;
· 
Scheme-2: serving cell and neighboring cell corresponds to the same BWP with different configurations of parameters such as: PCI, SSB information, RNTI, rate mating, power control information, wherein the RNTI comprises C-RNTI, SPS-RNTI, and so on. The power control information can include , close loop index, etc.
Along with the order from Scheme-1 to Scheme-2, the configuration flexibility between non-serving cell and serving cell decreases, the specification impact increases, and the UE complexity decreases. In addition, considering discussion of inter-cell multi-TRP, TCI state can be associated with cell information such as PCI and non-serving cell SSB information. Then different TCI state groups of a BWP can be associated with different cell configurations. So we slightly prefer Scheme-3, each of the different TCI group is associated with a CORESET pool index in case of multi-DCI based multi-TRP, and thus the related RRC parameters are applied upon the corresponding TCI indication or upon the corresponding CORESET pool. Setting association relationship between TCI state group and cell-related parameter needs group indication in each TCI state, so in the case of multi-DCI based multi-TRP transmission, setting relationship between TCI state group and cell-related parameter can be further replaced with setting association between CORESET pool index and cell-related parameter. 
· For example, multiple candidates of non-serving information can be preconfigured by RRC, and then one of the multiple candidates can be associated with one TCI state group, or one SSB resource for measurement as described in section 2.3.1. The association between TCI state groups and non-serving cell information can also be done by MAC-CE. The non-serving cell information is configured in UE-Specific signaling instead of cell specific signaling. 
· Note that, if there is no association with non-serving cell information, it implies that the TCI state group corresponds to configurations of the current serving cell, i.e some configurations in common signaling. 
Proposal 15: Serving cell and non-serving cell can correspond to the same BWP but can be associated with different TCI state groups, each of which can be associated with a respective parameter configuration (e.g., non-serving cell information) including: PCI, SSB information, RNTI, rate matching, power control information .
· The parameter configuration is applied upon the corresponding TCI indication or CORESET pool index.
· The association between configuration of cell and TCI state group (or CORESET pool index) can be done by MAC-CE. 
· Note: The TCI state group corresponds to configuration of the current serving cell, if the association is absent
2.3.5 CSI-RS for mobility can be measurement RS for L1/L2-centric inter-cell measurement/reporting
There is following agreement in RAN1#105-e about scheme of L1/L2 inter-cell mobility.  
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB


For intra-frequency neighboring cell, an SSB of neighboring cell can be measured either when the SSB is in an activated BWP of serving cell or when the SSB is in a measurement gap. To reduce the latency of mobility, we should limit the configuration of the measurement gap. If the activated BWP doesn’t include SSB(s) from the neighboring cell, the CSI-RS from neighboring cell can be measurement RS to reduce the latency of inter-cell measurement and improve scheduling flexibility. The CSI-RS for mobility has been configured for the UE, it can be used for L1/L2 inter-cell mobility measurement to reduce the overhead of signaling and UE complexity.
Proposal 16: Considering the case that an activated BWP may not include the SSB of neighboring cell, the CSI-RS for mobility associated with neighboring cell can be measurement RS for L1/L2 inter-cell mobility measurement.
2.3.6 Beam switching delay depends on PCI switching
There is following agreement in RAN1#105-e about scheme of L1/L2 inter-cell mobility. 
	Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· 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) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· 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
FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH


First of all, we support to confirm the above WA with the modification that both Rel-17 MAC-CE-based and DCI-based beam indication should be supported.  
Then, considering that a new TCI state in the MAC-CE or DCI will involve PCI switching, the UE may need much more time for adjusting its transmission parameter (e.g., a new UE panel activation/deactivation, T/F synchronization refinement, and timing and AGC adjustment) corresponding to another new cell. Therefore, the delay of applying the new TCI state should be longer than the delay of applying a new TCI state which doesn’t involve PCI switching, i.e., an additional offset over the normal delay for beam switching. 
Proposal 17: The delay of applying a new TCI state in a MAC-CE or DCI should depend on whether the new TCI state involves PCI switching. 
3 UL beam selection for UE with multiple panels
In Rel-17, it should be enhanced to facilitate UL beam selection for UE(s) 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.
3.1 Fast panel selection and antenna switching for UL transmission
3.1.1 UE-initialized UL panel selection/activation
Regarding UE-initiated UL panel selection/activation, UE can also control the panel activation and deactivation as a UE driven event, and, in order to guarantee panel indication for UL transmission, the state of panel, e.g., active or inactive, to be used for DL/UL transmission should be reported through panel-specific reporting to gNB side. 
· As agreed above, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s). Straightforwardly, a list of activated DL+UL and DL-only UE panel ID(s) can be reported by UE via group based reporting (i.e., panel-specific reporting as discussed in item 2-c), and the corresponding state of UE panel(s) can be reported together (e.g., a 1-bit flag to represent ‘DL+UL’ or ‘DL only’). One example for state switching for UE panel operation can be found in Figure 2.
· Note that the maximum number of antenna groups and activated antenna groups are based on UE capability signaling, and the global ID for UE panel(s) is used for reporting and indication. 
· For instance, a UE can report that it supports up to 3 UE panels, but only up to 2 UE panels can be activated for DL and UL transmission. Then, a global ID for UE panels, i.e., from 0 to 2, to be reported is used rather than a relative ID within the report.


Figure 2 State switching for UE panel operation
Proposal 18: For UE-initialized UL panel selection/activation, information about state(s) of UE panel(s) can be reported along with panel-specific group based reporting.
· Candidate state(s) of UE panel(s) to be reported comprises active state for both DL and UL, active state for DL only;
· The maximum number of antenna groups and activated antenna groups are based on UE capability signaling, and a global ID for UE panel(s) is used for reporting and indication (Opt1-2)
3.1.2 Codebook and non-codebook based PUSCH transmission
Based on the agreed assumption for MPUE, the number of antenna ports and UL power control parameter corresponding to different UE panels may be different. In order to facilitate independent number of ports and independent UL power control for different UE panels, more than one SRS resource set can be introduced for both CB and NCB PUSCH transmission. For CB, the SRS resources from different sets can support different number of ports; for NCB, the SRS sets may have different number of SRS resources. 
Besides, the consideration of dynamical TRP switching for different SRS resource sets has been taken on for Rel-17 mTRP-PUSCH transmission, and then the corresponding DCI signaling enhancement can be reused directly.
Proposal 19: For both CB and NCB PUSCH transmission, more than one SRS resource sets can be introduced for facilitating independent number of ports of different UE panel and UL power control
· For CB, the SRS resources from different sets may have different number of ports.
· For NCB, the SRS sets may have different number of SRS resources
· Reuse DCI signaling for Rel-17 mTRP-PUSCH (dynamical TRP switching) for SRS resource set indication besides SRI
3.2 FR2 MPE mitigation
In RAN1#104b-e meeting, the following agreement was reached for FR2 MPE mitigation. In this subsection, we discuss the potential enhancement on FR2 MPE mitigation.
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
FFS: If differential report is supported when multiple UL beams are reported in the same report
· 


On Rel.17 enhancements to facilitate MPE mitigation, UE-initiated (event-driven) reporting for MPE is prioritized over NW-initialized one in general. It is due to the fact that the MPE event is determined by UE side and gNB can NOT identify when MPE-related report is needed. Therefore, in our view, Opt 2A should be precluded considering that it may be more suitable for NW-initialized one, and meanwhile the motivation of introducing a modified L1-RSRP version that accounts for MPE effect, rather than reusing Rel-15 L1-RSRP definition + virtual PHR, is also unclear.
Proposal 20: On Rel.17 enhancements to facilitate MPE mitigation, UE-initiated (event-driven) reporting for MPE is prioritized over NW-initialized one. 
Regarding two candidate solution of Opt 1A and Opt 1D, we prefer Opt 1A due to the following reason:
· The real UL transmission power is determined by the min value between Pcmax and required power. For PUSCH transmission, we have the following formula for calculating transmission power.
[image: ]
· In general, whether the performance is degraded by MPE impact is up to the real transmission. 
· For instance, the required UL power is 15 dBm for PUSCH transmission i, and consequently there is still no impact even the Pcmax is reduced to 16dBm from 23dBm due to MPE. 
· If beam reporting is only based on MPE rather than both MPE and the virtual/real transmission, the UL beam (with low MPE but large path loss) recommended by reporting may be useless, and more power is wasted for keeping the same performance. On the other hand, beam specific PHR reporting, i.e., difference between Pcmax and the required transmission power, can well present the MPE impact transparently, and a UL beam re-indication can be performed by gNB if a low PHR, e.g., 0-dB or negative, is received for the current beam.
For the candidate pool in Opt 1A, there are two alternatives: activated UL/joint TCI set and RRC configured SSBRI(s)/CRI(s) set. The former may have low measurement, but the reported beam domain is limited within an activated UL/joint TCI set which are activated for transmission, e.g., a set of TCI states with beams around a main beam direction. But RRC configured SSBRI(s)/CRI(s) set may have larger coverage for beam selection, and UE may recommend better TCI states considering both MPE and PHR. Therefore, we prefer RRC configured SSBRI(s)/CRI(s) set as candidate pool in Opt 1A.
In order to detect the candidate UL beams with low MPE impact, the virtual PHR should be further enhanced to report for the selected SSBRI(s)/CRI(s). And in such case, the PL value for the virtual PHR calculation is determined according to the SSBRI(s)/CRI(s) instead of using pusch-PathlossReferenceRS-Id = 0, as in Rel-15/16. 
· For instance, once the beam/panel-specific P-MPR is beyond the threshold, the virtual PHR is triggered to be reported. The UE shall report SSBRI(s)/CRI(s) along with the virtual PHR with the objective of maximizing PHR value, i.e., minimizing the value of P-MPR and PL.
In order to minimize spec impacts, its virtual PHR(s) can be reported together with its real PHR reusing current MAC-CE with enhancements of adding more specific fields related to virtual PHR(s).
Proposal 21: Reporting SSBRI(s)/CRI(s) along with a virtual PHR is supported for the purpose of indicating feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account (i.e. RRC configured SSBRI(s)/CRI(s) set as candidate pool in Opt 1A)
· The virtual PHR is determined according to the SSBRI(s)/CRI(s)
· MPE event detection as for R16 PHR/P-MPR MAC-CE can be reused as a baseline.
· It can be further considered to additionally report DL-RSRP in the report instance for facilitating UL Tx beam selection in the case that UE Tx power is NOT beyond Pcmax.
In addition, common beam updated cross multiple CCs has been supported. MPE which is tightly related to beam direction should also be considered to be same or similar among different CCs for a given beam direction. For the sake of overhead reduction, a set of beam specific MPE (P-MPR) values may be shared among a group of CCs. 
4 Advanced beam training/tracking with latency reduction 
In RAN1#105-e, the following agreement was reached for group 1 to reduce DL signaling to reduce latency.
	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:
· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6
· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)
· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update


4.1 Beam management with reduced DL signaling to reduce latency (Group 1)
In this section we provide our views about each option in Group 1. 
4.1.1 Opt 1-A: UE-initiated beam activation based on beam  reporting
For Opt1-A, that the number of reported CRI is always larger than 1, and then the multiple reported SSBRIs/CRIs can be mapped to multiple TCI codepoints for reducing the transmission of MAC-CE. Regarding beam misalignment between gNB and UE when the report instance can NOT be received by gNB, the mapping is available only if the UE receives acknowledge from gNB. From signaling perspective, acknowledge from gNB side and TCI codepoint indicator can be carried in the same DCI. 
Proposal 22: Regarding Opt 1-A, support enhancements on UE-initiated beam activation based on legacy beam report 
· UE assumes that multiple reported CRIs are mapped to corresponding TCI codepoints.
· DL DCI with TCI codepoint indication can further carry the acknowledge message.
4.1.2 Opt 1-B : Beam refinement triggered by beam activation
For Opt1-B, it provides a method to reduce the applying delay of a new TCI state caused by waiting for the first SSB as described in following section 4.2. In addition, it is hard to get reporting resource for the AP-CSI-RS triggered by a new TCI state. So, in order to minimize spec impact,  the new activated TCI state is just to trigger an AP-TRS set without CSI report. 
· The AP-TRS set should be triggered only when the SSB corresponding to the new TCI state is NOT in the SSB pool tracked by the UE. On the other hands, if the SSB corresponding to the new TCI state is in a time window after the MAC-CE/DCI, then it is also unnecessary to trigger the AP-TRS by the new TCI state. 
· As a result, the new TCI state triggering AP-TRS can be applied directly after the AP-TRS transmission without waiting for the associated SSB.
Proposal 23: Regarding Opt 1-B, AP TRS measurement can be triggered after beam activation MAC-CE to avoid SSB measurement.
· A new TCI state doesn’t trigger an AP-TRS in the case that the SSB corresponding to the new TCI state is in a tracking SSB pool or in a time window after the indication.
· Note: a new TCI state triggering an AP-TRS is applied after the AP-TRS without waiting for associated SSB.
· Note: Explicit bundling with CSI reporting is NOT needed. 
4.1.3 Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement  latency
In the current spec, aperiodic beam measurement/reporting can only be based on one resource set which is limited to one slot only. This imposes the following limitations:
· P1 operation is not supported in aperiodic beam reporting
· Number of beams is limited by the number of downlink symbols in a slot for P2 and P3 operation
Only periodic or semi-persistent CSI-RS can achieve P1 and P2/P3 with large number of beams. Relying only on periodic/semi-persistent signals causes large latency and overhead and reduces the flexibility and efficiency of the system. Besides, the triggering request and the number of candidate RS(s) should be considered to be reported by UE for the assistance of P2/P3 related measurement/report configuration. Therefore, we have the following proposal:
Proposal 24: Regarding Opt 1-C, on CMR resource configuration for aperiodic beam measurement /reporting, multiple CMR resource sets can be configured for reducing beam measurement latency
· Additional UE report to aid  at least P3 related measurement /report configuration, such as triggering request, the number of candidate RS(s) or periodicity, should be considered
· The above applies to all types of time-domain behaviors for CMR resource sets. 
4.2 Reducing activation delay of TCI states and PL-RS (Group 2)
In Rel-15, there is an additional latency for known beam switching in RAN4 over RAN1 solution.
Regarding the activation delay of TCI states,
· In NR the beam of PDSCH/PDCCH can be updated by a MAC-CE, the beam in the  MAC-CE can be applied for PDSCH/PDCCH starting from the first slot after slot according to TS 38.214, wherein the UE transmits HARQ-ACK for the PDSCH in slot n. 
· But the delay of applying the new TCI state in the MAC-CE is much longer in 38.133 than in 38.214 as shown in Figure 3. 
· The known TCI state switch (i.e., TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement) occurs no later than in slot n+ THARQ +(3 ms +TOk*(Tfirst-SSB + TSSB-proc)) / NR slot length and the activation delay of the known TCI state doesn’t include a duration for TL1-RSRP as shown in Figure 4, where Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE, TSSB-proc = 2 ms and TOk = 1 if target TCI state is not in the active TCI state list for PDSCH. Technically, the UE needs to achieve time-frequency synchronization after beam switching.


Figure 3 Applicable timing for updating TCI state(s) in RAN1 and RAN4 
Regarding the activation delay of PL RS,
· There is no explicit specification in RAN1 spec although we had RAN1 agreements in Rel-16, and the corresponding requirement is specified in RAN4.
· The UE shall be able to apply the activated PL RS no later than slot i + +  , where  and  denotes the latency of HARQ feedback and periodicity of PL-RS. That means that before applying the activated PL RS, 5 PL RS measurement should be considered additionally. 
Observation 1: For the activation latency of TCI state and PL-RS, it can be observed that, besides for normal latency for MAC-CE activation latency, 
· Waiting for the first transmission of the SSB and additional duration of 2 ms should be additionally considered for TCI state activation
· Five PL-RS periodicities and additional duration of 2 ms should be additionally considered for PL-RS switching.
For reducing the duration for the first SSB after beam switching command, e.g., MAC-CE. Some mechanisms of pre-frequency/time synchronization should be further studied. For example, the UE may be configured/activated with one or more SSB(s) in a pool and perform frequency/time synchronization of SSB(s) in the SSB pool. If a SSB corresponding to a new activated TCI state is from the SSB pool, the UE can apply the new TCI state directly without waiting for the first transmission of the SSB. For example the UE can track frequency and time synchronization of 4 SSB, but the activated TCI state only corresponds to 2 SSB with up to 8 TCI states. Then the UE can keep the SSB pool with 4 SSBs. 
Proposal 25: Regarding Group 2, Opt-2A/B ‘Latency reduction for MAC CE based TCI state/PL-RS activation, or frequency/time/beam tracking’ should be supported
· UE can maintain a different/independent pool of QCL properties and PL-RSs for a time period from the pool of activated TCI state(s) by MAC-CE, and then the maintained QCL/PL-RS can be applied directly upon indication, e.g., preventing from ‘waiting for first SSB’ or ‘ first RS periodicities‘ after MAC-CE. 
5 [bookmark: _GoBack]Conclusion
In this contribution, we discuss the enhancements on multi-beam operation in Rel-17. We have the following observation and proposals.
Unified TCI framework for both DL and UL
Proposal 1: The common TCI state pool in RRC should be supported for both joint and separate DL and UL TCI state indication.
· For joint TCI state indication, the legacy Rel-15 MAC-CE for PDSCH TCI state activation/deactivation can be used.
· For separate DL and UL TCI state indication, a new MAC-CE is introduced for associating one TCI codepoint with up to 2 TCI states for DL and/or UL, respectively, which means that the legacy TCI field in DCI can be reused.
Proposal 2: Regarding UE capability of “beam misalignment”
· If UE does NOT support “beam misalignment”, UE expects that the associated PL-RS should be the same as periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication; otherwise, whether the associated PL-RS and the DL source RS in TCI are same or not can be up to gNB configuration. 
· If no PL-RS is associated with the UL or (if applicable) joint TCI state, periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication should be assumed as PL-RS.
Proposal 3: Confirm the following working assumption in RAN1 #105-e: 
· “(Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.”
Proposal 4: The setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state, besides for PUSCH and PUCCH.
· UE assumes that the closed loop procedure for SRS is tied with the currently active PUSCH closed loop.
Proposal 5: Confirm the following working assumption in RAN1 #105-e with minor modification: 
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
Proposal 6: Common RRC-level PL-RS pool can be shared with multi-BWP/CC that is analogous to sharing TCI state pool cross multi-BWP/CC.
·  RRC-configured PL-RS pool(s) can be absent in the PUSCH/PUCCH/SRS configuration for each BWP/CC, and replaced with a reference to RRC-configured PL-RS pool(s) in a reference BWP/CC.
Proposal 7: Regarding source RS and target RS/channels for DL TCI state in Rel-17 unified TCI,
· SSB, CSI-RS for CSI, and/or SRS for BM can be supported as source RS types for DL TCI state;
· Aperiodic CSI-RS for CSI and DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs (as in Rel-15/16) can be supported as target RS types for DL TCI state;
· Note that periodic and semi-persistent CSI-RS (e.g., periodic/semi-persistent CSI-RS for CSI, and periodic TRS) should NOT be supported as target RS types for DL TCI state.
Proposal 8: For RSs/channels to which Rel-17 unified TCI can NOT apply, Rel-15/16 signaling mechanisms are reused.
· For DL RSs/channels, the same/single RRC TCI state pool as for unified TCI framework can be shared.
· For UL RSs/channels, the RRC spatial relation pool as in Rel-15/16 can be reused.
Proposal 9: Regarding the number of TCI states to be indicated by a single command for DL and/or UL transmission,
· M=N=1 for sTRP should be discussed with higher priority
· M>1, N>1 can be used for mTRP as a starting point and lower priority.
Signaling design for DCI based TCI state indication
Proposal 10: Regarding application time of the TCI state indication for both of the DCI with or without DL assignment, the following aspects should be further supported: 
· The application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel.
· The application time can be indicated by TDRA field in DCI, especially for the DCI without scheduling a real PDSCH.
· On Rel.17 unified TCI framework, Rel-15/16 default beam/power control mechanism for PDSCH/PUCCH/ SRS is NOT supported. 
L1/L2-centric inter-cell mobility
Proposal 11: For L1-RSRP measurement for semi-persistent and aperiodic reporting in L1/L2-centric inter-cell mobility and inter-cell mTRP, the measurement of non-serving cell SSB(s) can be activated/deactivated by MAC-CE
· Regarding semi-persistent reporting, non-serving cell information (rather than TCI state in the legacy MAC-CE for SP-CSI-RS activation) can be activated by MAC CE for each SSB resource in a RRC configured SSB set.
· Regarding aperiodic reporting, aperiodic CSI-RS in a trigger state can be associated with non-serving cell information in RRC (rather than being configured per aperiodic CSI-RS resource), and then the legacy MAC-CE for activating AP-CSI triggering sate is reused for dynamically enabling the measurement. 
· Note that, compared with Rel-15/16, the legacy MAC-CE should be always used, regardless whether the number of RRC candidate triggering states is greater than the maximum number of candidate codepoints of CSI request field in DCI.
Proposal 12: Besides NW-Initiated reporting, event-driven mechanism for L1/L2-centric inter-cell mobility should be supported.
· L1-RSRP reporting involving new candidate beams and non-serving cell information (e.g., PCI) can be carried by a MAC-CE after initialized by an event triggered by L3 mobility measurement.
Proposal 13: Differential L1-RSRP should be performed per non-serving cell/serving cell, where beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell in a reporting instance. 
Proposal 14: For L1/L2 reporting for non-serving cell measurement, gNB can select for a CSI reporting configuration a report quantity from ‘L1-RSRP’ and ‘difference between receiving L1-RSRP and transmit power’ (e.g., like coupling loss). 
Proposal 15: Serving cell and non-serving cell can correspond to the same BWP but can be associated with different TCI state groups, each of which can be associated with a respective parameter configuration (e.g., non-serving cell information) including: PCI, SSB information, RNTI, rate matching, power control information .
· The parameter configuration is applied upon the corresponding TCI indication or CORESET pool index.
· The association between configuration of cell and TCI state group (or CORESET pool index) can be done by MAC-CE. 
· Note: The TCI state group corresponds to configuration of the current serving cell, if the association is absent
Proposal 16: Considering the case that an activated BWP may not include the SSB of neighboring cell, the CSI-RS for mobility associated with neighboring cell can be measurement RS for L1/L2 inter-cell mobility measurement.
Proposal 17: The delay of applying a new TCI state in a MAC-CE or DCI should depend on whether the new TCI state involves PCI switching. 
UL beam selection for UE with multiple panels and MPE
Proposal 18: For UE-initialized UL panel selection/activation, information about state(s) of UE panel(s) can be reported along with panel-specific group based reporting.
· Candidate state(s) of UE panel(s) to be reported comprises active state for both DL and UL, active state for DL only;
· The maximum number of antenna groups and activated antenna groups are based on UE capability signaling, and a global ID for UE panel(s) is used for reporting and indication (Opt1-2)
Proposal 19: For both CB and NCB PUSCH transmission, more than one SRS resource sets can be introduced for facilitating independent number of ports of different UE panel and UL power control
· For CB, the SRS resources from different sets may have different number of ports.
· For NCB, the SRS sets may have different number of SRS resources
· Reuse DCI signaling for Rel-17 mTRP-PUSCH (dynamical TRP switching) for SRS resource set indication besides SRI
Proposal 20: On Rel.17 enhancements to facilitate MPE mitigation, UE-initiated (event-driven) reporting for MPE is prioritized over NW-initialized one. 
Proposal 21: Reporting SSBRI(s)/CRI(s) along with a virtual PHR is supported for the purpose of indicating feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account (i.e. RRC configured SSBRI(s)/CRI(s) set as candidate pool in Opt 1A)
· The virtual PHR is determined according to the SSBRI(s)/CRI(s)
· MPE event detection as for R16 PHR/P-MPR MAC-CE can be reused as a baseline.
· It can be further considered to additionally report DL-RSRP in the report instance for facilitating UL Tx beam selection in the case that UE Tx power is NOT beyond Pcmax.
Advanced beam training/tracking with latency reduction
Proposal 22: Regarding Opt 1-A, support enhancements on UE-initiated beam activation based on legacy beam report 
· UE assumes that multiple reported CRIs are mapped to corresponding TCI codepoints.
· DL DCI with TCI codepoint indication can further carry the acknowledge message.
Proposal 23: Regarding Opt 1-B, AP TRS measurement can be triggered after beam activation MAC-CE to avoid SSB measurement.
· A new TCI state doesn’t trigger an AP-TRS in the case that the SSB corresponding to the new TCI state is in a tracking SSB pool or in a time window after the indication.
· Note: a new TCI state triggering an AP-TRS is applied after the AP-TRS without waiting for associated SSB.
· Note: Explicit bundling with CSI reporting is NOT needed. 
Proposal 24: Regarding Opt 1-C, on CMR resource configuration for aperiodic beam measurement /reporting, multiple CMR resource sets can be configured for reducing beam measurement latency
· Additional UE report to aid  at least P3 related measurement /report configuration, such as triggering request, the number of candidate RS(s) or periodicity, should be considered
· The above applies to all types of time-domain behaviors for CMR resource sets. 
Observation 1: For the activation latency of TCI state and PL-RS, it can be observed that, besides for normal latency for MAC-CE activation latency, 
· Waiting for the first transmission of the SSB and additional duration of 2 ms should be additionally considered for TCI state activation
· Five PL-RS periodicities and additional duration of 2 ms should be additionally considered for PL-RS switching.
Proposal 25: Regarding Group 2, Opt-2A/B ‘Latency reduction for MAC CE based TCI state/PL-RS activation, or frequency/time/beam tracking’ should be supported
· UE can maintain a different/independent pool of QCL properties and PL-RSs for a time period from the pool of activated TCI state(s) by MAC-CE, and then the maintained QCL/PL-RS can be applied directly upon indication, e.g., preventing from ‘waiting for first SSB’ or ‘ first RS periodicities‘ after MAC-CE. 
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