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1 Introduction
In RAN1#104-e, enhancements on multi-beam operation were discussed and agreements [1] were reached on unified TCI framework, L1/L2-centric inter-cell mobility, UL fast panel selection and enhancement related to MP-UE. In this contribution, we analyze further details and provide our views on these topics.
2 [bookmark: _GoBack]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 provide a reference for determining QCL assumption and/or spatial filter. 
2.1.1 Configuration framework for unified TCI 
In previous meetings [1]-[3], 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, whether a common or a separate TCI state sets activated in MAC CE is also FFS.
In Rel-15/16, a TCI state pool is configured by RRC signaling. Then a set of TCI states are activated by MAC CE from the TCI state pool, and DCI dynamically indicates one codepoint of TCI state(s) base on the MAC-CE signalling. This Rel-15/16 TCI state framework should be reused for joint beam indication in Rel-17. In other words, a common TCI state set activated in a MAC CE for DL and UL should also be supported for joint TCI state indication scheme. 
· Regarding 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 separate 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. 
· As for MAC CE activated TCI state set for separate DL and UL TCI state indication scheme, 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 MAC CE. 
· A common TCI state set in MAC-CE can comprise at least one TCI state without specifying for DL or UL. In this case, DCI which indicates the TCI state (codepoint) would further indicate the mode for DL or UL. It may be suitable for a DCI without DL assignment and can provide more flexibility. Meanwhile, for DCI with DL assignment, the highest bit of 3-bit TCI field can be used for indicating the mode for DL or UL, and the rest 2-bit is to indicate a TCI state (codepoint).
· Alternatively, a common TCI state set can comprise at least one TCI state with specifying for DL or UL, which means DL TCI state and UL TCI state are in the same set. In such case, it may be suitable for a normal DCI with DL assignment and without DL assignment but some flexibility especially for DCI without DL assignment may be degraded. 
Proposal 1: The common TCI state pool in RRC should be supported for both joint and separate DL and UL TCI state indication.
Proposal 2: The common TCI state/codepoint set in MAC CE should be supported for both joint and separate DL and UL TCI state indication. 
· For separate indication, one of the following alternatives could be supported
· Alt1: TCI state/codepoint in MAC-CE is NOT specified for DL or UL, and then the mode for DL or UL of the TCI state/codepoint is indicated by DCI.
· Alt2: TCI state/codepoint in MAC-CE is specified for DL or UL, which means that the legacy TCI field in DCI can be reused but with some flexibility degradation.
2.1.2 Power control for UL TCI state
Regarding power control for unified TCI state, there were agreements as follows in RAN1#104-e.
	Agreement
On Rel.17 unified TCI framework:
· Select at least one of the following alternatives by RAN1#104bis-e for path-loss measurement (PL-RS): 
· Alt1. PL-RS can be included in UL TCI state or (if applicable) joint TCI state. 
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.  
· Alt2. PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state 
· FFS: Exact association mechanism 
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS) 
· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state
· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state 
· FFS: Whether UE can calculate path-loss based on DL periodic RS for path-loss calculation for UL RS in the UL TCI
· FFS: Application time of PL-RS
· NOTE: As in Rel-16, a UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions 
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates
Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework: 
· The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS
·  Select or modify from one of the following alternatives by RAN1#104bis-e for PUCCH, PUSCH, and SRS separately:
· Alt1. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
· Alt2. The setting of (P0, alpha, closed loop index) is included with UL or (if applicable) joint TCI state
· Alt3. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
· Alt4. The setting of (P0, alpha, closed loop index) is determined as in Rel-16 without enhancement


From above agreements, a TCI state which can be used for UL may be associated with power control (PC) parameters involving P0/alpha, PL RS, and closed loop index. For backward compatibility, the UL PC parameter can be independently configured and be mapped with a TCI state, if required, instead of adding the UL PC parameter directly into RRC parameter TCI-State. In such case, there may be no further change for the current RRC structure of TCI state.
The PL RS can be applied to all type of UL channel/RSs, but P0/alpha and closed loop index should be channel/RS-specific as in Rel-15/16.
· Regarding PL RS, both the explicit and implicit methods of determining PL RS should be supported for different purposes.
· Considering that DL RS corresponding to PL RS and QCL Type-D may be different due to the imbalance of number of activated PL RS (up to 4) and activated TCI state (up to 8) and different time-domain behavior requirement for PL RS (periodic only) and TCI state (all types), the explicit method through configuring PL RS as in Rel-15 is useful. 
· But, in the case that the number of activated TCI state is less than or equal to the maximum number of activated PL RS and a periodic RS is configured as in QCL-Type D RS, the implicit method seems to be more efficient with low signaling overhead and UE RS monitoring flexibility. 
· Regarding other PC parameters (P0/alpha, and closed loop index):
· If a TCI state is applied to a PUCCH/SRS, the other PC parameters for PUCCH/SRS associated with the TCI state should be applied to the PUCCH. 
· If a TCI state is applied to a PUSCH which may refer to one or more SRS resources for CB or non-CB, the other PC parameters associated with the TCI state can be directly applied to the subsequent PUSCH transmission rather than a legacy Rel-15/Rel-16 approach of deriving other PC parameters mapped to the indicated SRI, considering all SRS resources for CB or non-CB in the set correspond to the same unified TCI state (i.e., the same Tx beam) in the unified TCI framework. 
Therefore, the above Alt2 for PL-RS and Alt1 for other PC parameters are preferred due to flexibility and simplicity. 
Proposal 3: Beam-specific power control (involving P0/alpha, PL RS, and closed loop index) is supported (analogous to Rel.15/16) 
· For PUSCH, PUCCH and SRS resource set (for CB, NCB and AS(antenna switching)), PL-RS is determined according to the indicated UL TCI state or (if applicable) joint TCI state (Alt2 is supported with modification as follows)
· PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state
· If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· For PUSCH, PUCCH and SRS resource set (for CB, NCB and AS), other PC parameters (involving P0/alpha and closed loop index) is determined according to the indicated UL TCI state or (if applicable) joint TCI state
· Other PC parameters (involving P0/alpha and closed loop index) can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state (Alt1)
2.1.3 Common beam update cross carriers
In RAN1#103-e meeting, a general framework for common DL/UL beam indication cross carriers (CCs) under the unified TCI framework has been agreed as follows. In this subsection, we further discuss the details on common beam update cross CCs.
	Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels


As a remaining issue, the TCI state pool for CA is still FFS, and the following two candidate solutions for TCI state pool for CA have been identified:
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs; 
· Opt-2: configuring RRC TCI state pool per individual CC. 
Specifically, we have the following analysis about the two candidate options above: 
· Due to sharing a single RRC TCI state pool for a CC group rather than respective pools per CC, Opt-1 can significantly save RRC overhead over Opt-2, e.g., 1.12kB vs 143.36 kB. Some more details can be found in our companion contribution [4]
· Configuration flexibility of Opt-1 is sufficient for unified TCI indication, considering the identical RS configuration (e.g., TRS) across multiple CCs under the requirement of updating a common beam for all RS/channels, although losing some flexibility compared with Opt-2. Therefore, gNB only needs to guarantee that the RS (e.g., TRS) with same ID shares the same Tx beam across the CC group, and so the loss related to RRC configuration flexibility should be acceptable.
Observation 1: 
· Due to sharing a single RRC TCI state pool for a CC group rather than respective pools per CC, Opt-1 can significantly save RRC overhead over Opt-2, e.g., 1.12kB vs 143.36 kB.
· Configuration flexibility of Opt-1 is sufficient for unified TCI indication, considering the identical RS configuration (e.g., TRS) across multiple CCs under the requirement of updating a common beam for all RS/channels, although losing some flexibility compared with Opt-2.  
Further, for cross-beam indication based on a single RRC TCI state pool, we have the following analysis on how to determine QCL-Type A&D parameters (RSs) in a local (or target) CC/BWP according to the QCL-Type A RS of TCI state in the reference CC/BWP.
· QCL-Type A RS: Considering that QCL-Type A parameter can NOT be applied for cross-CC indication due to demodulation requirement for accurate time/frequency tracking, the QCL Type-A RS in a target CC/BWP needs to be located in the local CC/BWP. The QCL Type-A RS in a target CC/BWP can be obtained according to the QCL Type-A RS ID indicated by the TCI state in the reference CC/BWP. Specifically, a CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state, which is shown in Figure 1.


Figure 1 Examples for common TCI state pool, where PDSCH TCI state pool in a reference CC is reused.
· QCL-Type D RS: In Rel-15, it has been agreed that when QCL-Type D RS is a CSI-RS with repetition, QCL-Type D RS can be applied for cross-CC beam indication. But, when TRS is used for reference QCL-Type D RS, there is a rule of same TRS to be applied for both QCL-Type A and QCL-Type D. Therefore, the following two candidate are identified:
· Alt1: Separate QCL-TypeD RS can be determined from the common TCI state(s) for each of the CCs, as for above QCL Type-A.
· Alt2: Single QCL-TypeD RS is determined from the common TCI state(s) for set of the CCs, and support enhanced QCL chain, e.g., the QCL type A TRS and, if any, QCL type D TRS, in the same/different CSI-RS resources.
· Since the same QCL-TypeD RS are used for all CC(s) as agreed, Alt-2 is more aligned with the existed agreement and the unified TCI framework. In order to avoid the misalignment of Tx beam applied to QCL TypeA RS in each of CC and the single QCL TypeD RS for facilitating UE RS monitoring, e.g., in a band, we can have a rule that the QCL Type A RS in each of CC in a CC group corresponding to the indicated TCI state should be QCLed with the single QCL Type D RS. 
Proposal 4: For intra/inter-band CA, support the mechanism of sharing a single RRC TCI state pool for the set of configured CCs.
· Regarding QCL-Type A, a CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· Regarding QCL-Type D, a single QCL-TypeD RS is determined from the common TCI state(s) for set of the CCs, and support enhanced QCL chain, e.g., the QCL type A TRS and, if any, QCL type D TRS, in the same/different CSI-RS resources (Alt2)
· The QCL-TypeA RSI(s) in each of CCs corresponding to the indicated TCI state should be QCLed with the single QCL-TypeD RS.
2.1.4 Source RS for unified TCI state
Source RS for unified DL/UL TCI state has been discussed for several meetings. In RAN1#104-e, the following agreements were reached.
	Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types 

Agreement
On Rel.17 unified TCI framework, the following source RS types for UL TX spatial filter are supported:
· CSI-RS for tracking
· Note: SRS for BM, SSB, and CSI-RS for BM have been agreed in RAN1#102-e
· FFS (to be decided by RAN1#104bis-e): non-BM CSI-RS other than for tracking, non-BM SRS



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.
· Generally, beam management procedure is preformed from DL measurement firstly. Based on the DL measurement results (e.g., multiple candidate DL Tx beams), SRS is configured with spatialRelationInfo of a reference DL RS, and the SRS should be transmitted using the same spatial domain filter as receiving the reference DL RS by the UE. 
· It may be argued that we can use the reference DL RS directly in the TCI state, and benefits of introducing SRS become weak. However, considering beam refinement of SRS around a reference DL RS, like RRC parameter Repetition for CSI-RS, it would benefit DL transmission to allow the refined UL beam sate which is reflected by SRS to be source RS for DL TCI state. 
Besides, SSB and CSI-RS for CSI are both downlink signals and should be allowed to be source RS for DL TX filter. Regarding source RS for UL TCI state, whether CSI-RS for CSI and SRS for CB/NCB/AS are allowed is still FFS. Technically, they could be used as source RS for UL TCI state. From perspective of spec, they should not be excluded.
Proposal 5: Regarding source RS for DL and UL TCI state,
· SSB, CSI-RS for CSI, and/or SRS for BM should be supported as source RS types for DL TCI state;
· CSI-RS for CSI and SRS for CB/NCB/AS should be supported as source RS types for UL TCI state
2.1.5 The number of TCI states to be indicated for transmission
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 as working assumption. 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. Considering there are still many remaining issues for sTRP (i.e., M=N=1) and many on-going discussion topics for Rel-17 mTRP, we suggest to focus on unified TCI framework for sTRP firstly and postpone the mTRP-related unified TCI discussion after the solution corresponding to sTRP is stable. 
Proposal 6: 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 high priority
· M>1, N>1 for mTRP should be postponed after sTRP framework is stable.
2.2 Signaling design for DCI based TCI state indication
In this subsection, we discuss signalling design for the DCI based TCI state indication, including DCI format, acknowledgment mechanism for the DCI, retransmission of DCI indication, application time of the TCI state indication.
2.2.1 Additional DCI format
In previous RAN1 meetings, DCI format 1_1 and 1_2 have been agreed as a command of indicating TCI state(s) for both joint and separate DL and UL beam indication schemes. Additional DCI format was also discussed, and an agreement with multiple alternatives was reached as follows in RAN1 #104e.
	Agreement
On the Rel.17 DCI -based beam indication, in RAN1#104bis-e, down-select at least one of the following alternatives regarding the support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment (in RAN1#103-e):
· Alt0: No additional DCI format is supported
· Alt1: DCI formats 1_1 and 1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy
· FFS : How to identify DCI formats 1_1/1_2 used for beam indication only (not for scheduling a PDSCH reception, not indicating a SPS PDSCH release, or not indicating SCell dormancy), considering impacts on PDCCH coverage and scheduling mechanism 
· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission
· Alt2: Dedicated DCI format other than 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy
· FFS : If the format is based on an existing DCI format, how to identify the DCI format used for beam indication only
· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission
· Alt3: UL-related DCI formats 0_1/0_2 with UL grant, applicable only for UL-only TCI of separate DL /UL TCI 




Among the above alternatives, Alt1 may be a good solution which needs less standard efforts compared with Alt2. DCI format 1_1 or 1_2 without DL assignment (DLA) provides flexible way to update UL TCI state in the case of separate TCI state indication, when there is no PDSCH transmission to be scheduled. Furthermore, DCI format 1_1 or 1_2 without DLA can be responded by a HARQ-ACK which may be faster than the HARQ-ACK for a PDSCH transmission scheduled by a DCI format with DLA. That means a TCI state indicated by a DCI without DLA can be applicable earlier than by a DCI with DLA.
Proposal 7: Regarding additional DCI format other than DCI format 1_1/1_2 for TCI indication, Alt1 should be supported.  
· “Alt1: DCI formats 1_1 and 1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI”
2.2.2 Acknowledgment(ACK) mechanism directly in response to DCI format 1_1 and 1_2
In RAN1#103-e, the ACK/NACK of PDSCH scheduled by the DCI format 1_1 and 1_2 can be used as an ACK for the DCI. The following agreement has been reached.
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release


But, the following drawbacks for this ACK mechanism can be identified.
· Firstly, ‘NACK’ information is ambiguous for determining whether the DCI is received successfully from the perspective of gNB side. Receiving ‘NACK’ information only means that the PDSCH is not decoded successfully, but it may be caused due to two different reasons: #1 DCI is received successfully but PDSCH is not, #2 Neither of them is received successfully. For the former, the indicated TCI state still can be applied, but for the latter, the indicated TCI state can NOT be applied. 
· Furthermore, if receiving NACK is always assumed that the TCI state is NOT applied considering the worst case (i.e., above #2), the detection performance and latency of DCI based TCI state indication are still aligned with that of MAC-CE based TCI state indication as in Rel-15 and Rel-16. Introducing DCI based TCI state indication becomes meaningless. 
· Secondly, gNB should always schedule a PDSCH when using DCI format 1_1 and 1_2 for separate UL TCI state indication. It does NOT make sense. 
Therefore, in order to address the above issues, an independent ACK mechanism directly in response to DCI format 1_1 and 1_2 without scheduling PDSCH should be introduced. As a result, ‘ACK/NACK’ information is only based on DCI decoding, and no additional scheduling PDSCH is needed.
· It should be noticed that this mechanism has been widely used for SPS PDSCH release in NR and LTE. In such case, a DCI command scrambled by CS-RNTI and with the specific values for some DCI fields (including RV, MCS and FDRA) is to release SPS PDSCH without PDSCH transmission, and meanwhile an ACK/NACK information corresponding to the DCI command can be reported accordingly. 
· For the sake of presentation, one example for special fields for SPS PDSCH release is shown in Table 1 that is copied from TS 38.213.
Table 1	Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH validation (copied from TS 38.213 V16.4.0)
	
	DCI format 0_0/0_1/0_2
	DCI format 1_0/1_1/1_2

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '0's for FDRA Type 2 with [image: ]
set to all '1's, otherwise
	set to all '0's for FDRA Type 0 or for dynamicSwitch

set to all '1's for FDRA Type 1


Proposal 8: Regarding ACK mechanism for the DCI format indicating the common TCI state, a new ACK mechanism directly in response to decoding DCI format 1_1 and 1_2 should be supported.
· ACK mechanism corresponding SPS PDSCH release can be considered as a starting point.
2.2.3 Additional fields to be used in DCI format 1_1 and 1_2 without DL assignment
Besides the fields for distinguishing the DCI format from those for SPS PDSCH release and SCell dormancy, other DCI fields in DCI format 1_1 and 1_2 without DL assignment should also be used for well enabling the TCI state indication in our views. 
· Regarding Carrier indicator field, cross-carrier beam update should be considered for CCs without CORESET configured. Similarly, the bandwidth part indicator field should be considered while the beam indication DCI without data assignment and scheduled PDSCH/PUSCH can be at different BWPs. 
· Regarding TDRA field, it can be used for determining virtual PDSCH for Type 1 semi-static HARQ-ACK feedback.
· Regarding downlink assignment index field, it can determine bit location for HARQ-ACK information for Type-2 dynamic mode.
· Regarding PUCCH resource indicator field, the scheduled PUCCH resource can be determined based on it.
· Besides, the TPC command field for the scheduled PUCCH and PDSCH-to-HARQ_feedback for determining the time domain location of the PUCCH HARQ-ACK feedback should also be considered. 
Proposal 9: Regarding DCI formats 1_1 and 1_2 without DL assignment, the following fields in the DCI should be used besides the fields for distinguishing the DCI format from those for SPS PDSCH release and SCell dormancy.
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator (if present)
2.2.4 Application time of TCI state indication:
In RAN1#104-e, the applicable timing of TCI state indication has been discussed, and the following agreements have been reached.
	Agreement
On Rel.17 DCI-based beam indication, regarding application time of the beam indication: if beam indication is successfully received and the newly indicated beam in the beam indication is different from the previously indicated beam, down-select (no later than RAN1#105-e) one from the following. No other alternatives will be considered:
· Alt1: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the DCI with the joint or separate DL/UL beam indication
· Alt2A: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16) 
· Alt2C: Support both Alt1 and Alt2A, and introduce a UE capability that indicates the support of Alt1 or Alt2A
· Alt3: the first slot that is at least X1 ms or Y1 symbols after the [first/last] symbol of the DCI with beam indication and X2 ms or Y2 symbols after the [first/last] symbol of the acknowledgment of the beam indication
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
Agreement
On the beam application time for Rel.17 DCI-based beam indication, the beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· FFS: the reference for defining the UE capability (e.g. from DCI reception or ACK transmission)
· FFS: whether a UE is allowed to report more than 1 values in case of MPUE
· FFS: the application time when DCI and applied channel(s) are on different CCs with same/different SCS(s)s


As discussed in subsection 2.2.2, the further latency corresponding to decoding HARQ-ACK information and DCI retransmission is needed for the processing of gNB side. Consequently, we prefer “Alt2A: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication”. For the sake of presentation, one example for Alt2A considering ACK mechanism directly in response to DCI is shown in Figure 2.
· Furthermore, the beam application time can also be indicated by the DCI, like indication of the start of PDSCH transmission Rel-15/16.
Proposal 10: Regarding application time of the TCI state indication, the following alternative from RAN1#104-e, should be supported:
· Alt2A: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication
· Furthermore, the beam application time can also be indicated by the DCI.


Figure 2 The recommended application time of TCI state indication (i.e., X ms or Y symbols after ACK)
2.2.5 Applicable scope of the indicated common TCI state
In RAN1#103-e, separate DL and UL TCI state indication was agreed besides joint DL and UL TCI state indication, and DCI format 1_1 and 1_2 can be used for both of above two cases. An agreement was reached in RAN1#104-e as follows.
	Agreement
On Rel.17 unified TCI framework, by RAN1#104bis-e, down select or modify at least one from the following alternatives:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Details on dynamic indication are FFS
· FFS: UE capability for the support of joint DL/UL TCI and/or separate DL/UL TCI
· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling
· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling
· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling
· Details on how this is signaled in relation to TCI activation are FFS


Among the above alternatives, Alt1+Alt2B is most flexible, which means that based on UE capability reporting, gNB can configure one of three modes of joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling, and then MAC-CE + DCI can be used for further indicating the applicable scope if the modes of separate DL/UL TCI or both of joint and separate DL/UL TCI is enabled by the RRC.
· Regarding how to dynamically indicate a TCI state as joint DL/UL or separate DL or UL, as analyzed in Section 2.1.1, the applicable scope such as DL only, UL only, joint DL and UL for a TCI state can be specified by a MAC CE, or by a DCI.
Proposal 11: Regarding joint DL/UL TCI v.s. separate DL/UL TCI, Alt1 and Alt2B should be supported.
· A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling 
· When the UE is configured with modes of separate DL/UL TCI or both joint and separate DL/UL TCI, the UE can be dynamically indicated the applicable scope of a TCI state by dynamic signaling. 
2.3 L1/L2-centric inter-cell mobility
2.3.1 L1/L2 reporting of neighboring cell 
In RAN1#104-e, there is following agreement about L1/L2-centric inter-cell reporting. 
	Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement



For L1/L2-Centric inter-cell reporting, there are following candidate methods, taking into account UE complexity and power consumption. 
· Method-1: The gNB can trigger an L1 reporting and configure association between CMR/IMR and RS for mobility. 
· For CSI framework of L1 reporting for neighboring cell(s), the association between SSB/CSI-RS for mobility (for RRM) and candidate RS for CSI reporting setting for neighboring cell should be performed, in order to prevent from redundant UE Rx beam sweeping for beam alignment. Also, reusing RS for mobility can be used as CMR for a CSI reporting can save overhead of signaling and reduce number of measurement signal. Furthermore, it can also speed up the reporting and reduce power consumption of UE.
· Specifically, gNB can configure PCI(s) and MeasObject for a CSI-Reporting/a CMR set/CMR resource. CMR to be measured can be the CSI-RS/SSB of the PCI configured in MeasObject for mobility. CMR can be implicitly derived according to the PCI and MeasObject instead of according to any further RRC reconfiguration
· If the MeasObject configures white cell list, the UE can only select neighboring cell from the white cell list, and the PCI of the CMR should be in the white cell list. 
· If the MeasObject configures black cell list, the UE can not select cell from the black cell list. 
· Method-2: Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility. 
· 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. The reporting can be aperiodic or with multiple predefined transmission occasions.
Compared with Method-1, the latency of Method-2 should be smaller because the UE can initiate the L1 reporting for a neighboring cell by trigger event without waiting for the signaling from gNB and the UE reports the L1 reporting on demand which will save power of UE as BFR. But, as an expense, Method-2 may have some more spec impacts, e.g., support event-driven UE behavior as current PCell/SCell beam failure recovery. More details can be found in our companion contribution [4]. 
Proposal 12: Regarding L1/L2-centric inter-cell mobility, support at least one of the following methods for L1/L2-Centric reporting of neighboring cell.
· Method-1: A gNB triggers an L1 reporting for a neighboring cell.
· The gNB configures PCI(s) and MeasObject for a CSI reporting/a CMR set/a CMR resource, and CMR can be CSI-RS/SSB for mobility derived according to the MeasObject and the PCI. 
· Method-2: Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility,
·  L1-RSRP reporting involving new candidate beams and neighboring cell information (e.g., PCI) can be carried by a MAC-CE after initialized by an event triggered by L3 mobility measurement.
2.3.2 RS for mobility as QCL or spatial relation source RS 
There is following agreement in RAN1#104-e about QCL/spatial relation RS configured for a neighboring cell.
	Agreement
Discuss whether to support at least the source RS types already agreed for intra-cell mobility for the purpose of referencing to non-serving cell(s). Note: This implies the following source RS(s): 
CSI-RS for BM configured for non-serving cell(s) for DL QCL and UL TX spatial references
CSI-RS for tracking (TRS) configured for non-serving cell(s) for DL QCL and UL TX spatial references
SSB configured for non-serving cell(s) for UL TX spatial references
SRS for BM configured for non-serving cell(s) for UL TX spatial references
FFS: whether to support CSI-RS for mobility 
FFS: whether to support other source RS(s) potentially agreed later for intra-cell mobility
FFS: whether to support CSI-RS for BM and tracking configured for non-serving cell(s) and without non-serving cell SSB as QCL-TypeD source


As discussed in section 2.3.1, CMR of CSI reporting can be CSI-RS for mobility to speed up the measurement, save power of UE and overhead of signaling and measurement signal from gNB. Similarly, CSI-RS for mobility can also be QCL-RS/spatial relation RS to speed up beam switching. The UE can use RX beam/large channel character of the CSI-RS for mobility to receive channel /signal from neighboring cell. The CSI-RS for mobility can also be spatial relation RS. The UE can use RX beam of the CSI-RS for mobility to transmit channel/signal to neighboring cell.
Proposal 13: CSI-RS/SSB for mobility can be QCL or spatial relation source RS of a channel/signal of neighboring cell. 
2.3.3 Different TCI state groups associated with  different configuration 
There is following agreement in RAN1#104-e about scheme of L1/L2 inter-cell mobility and the LS[5] has been sent to RAN2 after email discussion. 
	Agreement
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


In our opinion, the serving cell and neighboring cell should be in a same serving cell group instead of in different serving cell groups which is too complexity. There are following schemes to allow the UE communicate with serving cell and neighboring cell simultaneously in a same serving cell group.
· Scheme-1: serving cell and neighboring cell corresponds to different serving cells which is a configuration logic unit in current specification,i.e a serving cell of a MCG/SCG. The former serving cell just represents a cell with a PCI configured in ServingCellConfigCommon signaling and the later serving cell represents a serving cell of MCG/SCG. The neighboring cell represents a cell with a PCI which is not configured in any ServingCellConfigCommon signaling
· Scheme-2: serving cell and neighboring cell corresponds to different BWPs;
· 
Scheme-3: 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 includes , close loop index.
Along with the order from Scheme-1 to Scheme-3, the configuration flexibility between neighbor 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, and thus the related RRC parameters are applied upon the corresponding TCI indication. 
Proposal 14: Serving cell and neighboring cell can correspond to the same BWP that is associated with different TCI state groups, each of which is associated with a respective parameter configuration including: PCI, SSB information, RNTI, rate matching, power control information .
· The parameter configuration are applied upon the corresponding TCI indication.
3 UL beam selection for UE with multiple panels (1b)
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 
In RAN1#104-e, the following agreements including the support of UE-initiated UL panel selection/activation were reached for facilitating UL panel selection. In this subsection, we discuss the potential enhancement on UE fast panel switching.
	Conclusion
On Rel.17 enhancements to facilitate UL beam selection for MP-UE, the following terms are used at least for the purpose of discussion: 
· ‘Panel activation’ (at least for DL/UL measurement): activating L out of P available UE panel(s) at least for the purpose of DL and UL beam measurements (e.g. reception of DL measurement RS, transmission of SRS)
· ‘Panel selection’ (for UL transmission): selecting 1 out of L activated UE panel(s) for the purpose of UL transmission 
· Note: UE-initiated panel activation and selection have been agreed in RAN1#103-e
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS : Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection, for discussion purpose, a panel entity corresponds to one or more RS resources:
· For CSI/beam reporting, the RS resource is an RS associated with measurement and/or reporting
· For beam indication, the RS resource is a source RS for UL TX spatial filter information
· Note: For one RS resource, the corresponding panel entity may vary and is controlled by the UE, and whether/how to maintain a common understanding between gNB and UE can be further discussed/decided
· Note: The above does not preclude possibility that an RS resource can be mapped to multiple panels
· Note: The one or more RS resources may correspond to one or more RS resource set(s) depending on further discussion/decision
· Note: Specification should not be designed in such a way that the UE is required to disclose its antenna implementation


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 3.
· 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 3 State switching for UE panel operation
Proposal 15: 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 the global ID for UE panel(s) is used for reporting and indication
3.1.2 NW-initiated panel selection/activation
Besides UE-initialized UL panel selection/activation, NW-initiated panel selection/activation is also supported. Beam correspondence by downlink-uplink association is useful to reduce the effort on UL beam management. In our view, beam correspondence is also the major motivation of introducing a new ID in a TCI state to represent a panel for supporting fast panel selection for UL transmission. Considering simultaneous transmission/reception among different RS(s)/channel(s), clear alignment between gNB and UE about which panel is used for transmitting or receiving RS(s)/channel(s) is very necessary. Otherwise, designing the rule of inter-panel or intra-panel beam collision that is essential for maximizing benefits of multi-panel operation seems to be very difficult. 
Consequently this “UE panel ID” should have association with DL RS to support beam correspondence. The “UE panel ID” can be selected and configured by gNB, according to UE capability signaling together with panel-specific beam reporting. 
· A list of activated UE panel ID(s) can be reported by UE via group based reporting
· One out of activated panel(s) can be indicated for UL transmission using TCI by gNB.
Proposal 16: Besides UE-initiated UL panel selection/activation, NW-initiated panel selection/activation should also be supported.
3.1.3 Inter-panel antenna switching
Also, we need to consider the AP-SRS triggering with a large triggering offset for panel activation, which is similar to AP-CSI-RS beam switching in Rel-15, e.g., 224 or 336 OFDM symbols. In such case, the sounding procedure of antenna switching may be equivalent to that of fast panel switching. For instance, one example for inter-panel antenna switching is described in Figure 4. In such case, there may be different spatial relations applied to the respective UE panels, and the restriction about “same spatial relation for AP-SRS resources in a set for antenna switching” in the current spec may become invalid herein. It can be observed that the working assumption on the architecture of UE panels is very essential for the subsequent enhancement for fast UE panel switching.


Figure 4 Diagram for inter-panel antenna switching
Proposal 17: Sounding procedure for antenna switching can be further studied for supporting UE fast panel switching.
3.2 FR2 MPE mitigation
In RAN1#104-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, 
· On further enhancing the P-MPR report in Rel.16 (already agreed RAN4 framework, including triggering), down select between beam-level and panel-select reporting
· On SSBRI(s)/CRI(s) and/or indication of panel selection, focus study on the following: 
· Reporting of at least SSBRI(s)/CRI(s) to indicate gNB beam(s) that is feasible for UL transmission: additional reporting quantities are FFS
· Reporting of at least an indicator associated with a UE ‘panel’ that is feasible for UL transmission: additional reporting quantities are FFS
· Note: Just as agreed in RAN1#103-e, the purpose is to assess whether specification is needed or not
· 
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, decide in RAN1#104bis-e whether to support at least one the following (not necessarily, but can be, in one reporting instance):
· {Rel.16 P-MPR based (beam/panel-level)} + {A}, where A is either Opt1A, Opt1B, Opt1C, or Opt1D:
· Option 1A: Virtual PHR or a modified version associated with each activated UL TCI or, if applicable, joint TCI
· Option 1B: {SSBRI(s)/CRI(s) and/or panel indication}
· Option 1C: {SSBRI(s)/CRI(s) and/or panel indication} + virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 1D: No additional reporting quantity
· {SSBRI(s)/CRI(s) and/or panel indication} + {A}, where A is either Opt2A, Opt2B, Opt2A+ Opt2B, or Option 2C
· Option 2A: 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
· Option 2B: Virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 2C: No additional reporting quantity
· 


3.2.1 Enhancement on FR2 MPE mitigation
In NR Rel-15, RAN4 introduced P-MPRf,c for reducing the maximum transmission power, i.e., Pcmax, with MPE impacts. In Rel-16, an event-driven P-MPR reporting through PHR MAC-CE was introduced for informing the real-time MPE impact. 
· There is no doubt that the MPE impact for respective UL beams may be different, but, unfortunately, there is no beam/panel-specific P-MPR definition in either Rel-15 or Rel-16. Consequently, beam-specific P-MPR should be introduced firstly. 
· For instance, “P-MPRf,c” is replaced by “P-MPRs,f,c” where s denotes the UL beam index, e.g., RS resource/spatial relation/panel index.
Proposal 18: Beam/panel-specific P-MPR is introduced in UL power control framework.
· For instance, “P-MPRf,c” is replaced by “P-MPRs,f,c” where s denotes the UL beam/panel index, e.g., TCI state/spatial relation/panel index.
Subsequently, 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.
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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. 
Therefore, 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.
In order to detect the candidate UL beams with low MPE impact, the virtual PHR should be further enhanced to report 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). 
· 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 minimizing 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 19: 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
· 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.
3.2.2 Simulation results for fast panel selection due to MPE impacts
In this subsection, we conduct performance evaluation in terms of RSRP distribution, according to Rel-17 EVM for dense urban in MPE/Multi-panel UE as agreed during email discussion. Note that, in this simulation, we consider a UE with two back-by-back panels and antenna configuration of (2, 4, 2, 2, 1). Only one out of two panels is blocked, and the blocked panel is randomly selected at each drop. When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR.  
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Figure 5 CDF of UL RSRP distribution in dense urban
The CDF of RSRP distribution can be found in Figure 5, where the following three cases are considered: no MPE impact, no panel-switching with MPE impacts and fast panel switching with MPE. We have the following observations
· There is severe RSRP degradation for UL transmission, especially for 5% cell-edge UE (about 8.5 dB RSRP loss over the case of no MPE impact), due to the panel-specific MPE impacts.
· Through introducing fast UE panel switching, there are nearly 5 dB RSRP gain for 5% cell edge UE and 2.5 dB gain for 50%-ile UE. This means that the fast UE panel can be very beneficial for UL coverage enhancement under MPE impacts.
Observation 2: From the evaluation results for MPE impacts, it can be observed that 
· Severe degradation for UL coverage occurs due to the panel-specific MPE impact
· Introducing fast UE panel switching can bring significant performance gain, especially for cell-edge UE.
4 Advanced beam training/tracking with latency reduction 
In this section, we elaborate the advanced beam training/tracking with latency reduction according to following agreement of RAN1#104-e.
	Agreement
· On Rel.17 enhancements based on the unified TCI framework, perform study and, if needed, specify the following:
Group1: Beam management with reduced DL signaling to reduce latency
Group2: Reducing activation delay of TCI states and PL-RSs (including other WGs, e.g. RAN4)
On RAN4-related matters, assessment/study phase can be done in RAN1. If RAN4-based enhancements are found necessary, a LS to RAN4 will be sent (to prepare RAN4 work)


4.1 Beam management with reduced DL signaling to reduce latency (Group1)
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 20: Aperiodic beam measurement/reporting based on multiple resource sets should be considered for facilitating P2+P3/P1. 
· Additional UE report to aid P2/P3 related measurement/report configuration (triggering request, and the number of candidate RS(s)) should be considered.
4.2 Reducing activation delay of TCI states and PL-RS (Group2)
4.2.1 Additional latency for TCI state and PL-RS switching
In Rel-15, there is an additional latency for known beam switching in RAN4 over RAN1 solution. Note that the latency reduction of unknown beam switching is handled in L1/L2-centric inter-cell mobility in Section 2.3
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 6. 
· 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 includes a duration  for TL1-RSRP as shown in Figure 6, 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.
· That means, in such case, it additionally includes a latency for waiting for the first transmission of the SSB which is the QCL-TypeA or QCL-TypeC to the TCI state. The additional latency is determined according to the periodicity of SSB which belongs to {5,10, 20,40,80,160}ms.


Figure 6 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 3: 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.
4.2.2 Enhancement  on  reduction of activation 
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 21: UE track one or more SSB(s) from a SSB pool that is explicitly activated by a new MAC-CE to reduce activation delay of TCI state and PL-RS caused by duration of ‘first SSB transmission after MAC-CE command’ and ‘five RS periodicities’, respectively.
5 Conclusion
In this contribution, we discuss the enhancements on multi-beam operation in Rel-17. We have the following observations 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.
Proposal 2: The common TCI state/codepoint set in MAC CE should be supported for both joint and separate DL and UL TCI state indication. 
· For separate indication, one of the following alternatives could be supported
· Alt1: TCI state/codepoint in MAC-CE is NOT specified for DL or UL, and then the mode for DL or UL of the TCI state/codepoint is indicated by DCI.
· Alt2: TCI state/codepoint in MAC-CE is specified for DL or UL, which means that the legacy TCI field in DCI can be reused but with some flexibility degradation.
Proposal 3: Beam-specific power control (involving P0/alpha, PL RS, and closed loop index) is supported (analogous to Rel.15/16) 
· For PUSCH, PUCCH and SRS resource set (for CB, NCB and AS(antenna switching)), PL-RS is determined according to the indicated UL TCI state or (if applicable) joint TCI state (Alt2 is supported with modification as follows)
· PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state
· If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· For PUSCH, PUCCH and SRS resource set (for CB, NCB and AS), other PC parameters (involving P0/alpha and closed loop index) is determined according to the indicated UL TCI state or (if applicable) joint TCI state
· Other PC parameters (involving P0/alpha and closed loop index) can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state (Alt1)
Observation 1: 
· Due to sharing a single RRC TCI state pool for a CC group rather than respective pools per CC, Opt-1 can significantly save RRC overhead over Opt-2, e.g., 1.12kB vs 143.36 kB.
· Configuration flexibility of Opt-1 is sufficient for unified TCI indication, considering the identical RS configuration (e.g., TRS) across multiple CCs under the requirement of updating a common beam for all RS/channels, although losing some flexibility compared with Opt-2.  
Proposal 4: For intra/inter-band CA, support the mechanism of sharing a single RRC TCI state pool for the set of configured CCs.
· Regarding QCL-Type A, a CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· Regarding QCL-Type D, a single QCL-TypeD RS is determined from the common TCI state(s) for set of the CCs, and support enhanced QCL chain, e.g., the QCL type A TRS and, if any, QCL type D TRS, in the same/different CSI-RS resources (Alt2)
· The QCL-TypeA RSI(s) in each of CCs corresponding to the indicated TCI state should be QCLed with the single QCL-TypeD RS.
Proposal 5: Regarding source RS for DL and UL TCI state,
· SSB, CSI-RS for CSI, and/or SRS for BM should be supported as source RS types for DL TCI state;
· CSI-RS for CSI and SRS for CB/NCB/AS should be supported as source RS types for UL TCI state
Proposal 6: 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 high priority
· M>1, N>1 for mTRP should be postponed after sTRP framework is stable.
Signaling design for DCI based TCI state indication
Proposal 7: Regarding additional DCI format other than DCI forma 1_1/1_2 for TCI indication, Alt1 should be supported.  
· “Alt1: DCI formats 1_1 and 1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI”
Proposal 8: Regarding ACK mechanism for the DCI format indicating the common TCI state, a new ACK mechanism directly in response to decoding DCI format 1_1 and 1_2 should be supported.
· ACK mechanism corresponding SPS PDSCH release can be considered as a starting point.
Proposal 9: Regarding DCI formats 1_1 and 1_2 without DL assignment, the following fields in the DCI should be used besides the fields for distinguishing the DCI format from those for SPS PDSCH release and SCell dormancy.
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator (if present)
Proposal 10: Regarding application time of the TCI state indication, the following alternative from RAN1#104-e, should be supported:
· Alt2A: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication
· Furthermore, the beam application time can also be indicated by the DCI.
Proposal 11: Regarding joint DL/UL TCI v.s. separate DL/UL TCI, Alt1 and Alt2B should be supported.
· A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling 
· When the UE is configured with modes of separate DL/UL TCI or both joint and separate DL/UL TCI, the UE can be dynamically indicated the applicable scope of a TCI state by dynamic signaling. 
L1/L2-centric inter-cell mobility
Proposal 12: Regarding L1/L2-centric inter-cell mobility, support at least one of the following methods for L1/L2-Centric reporting of neighboring cell.
· Method-1: A gNB triggers an L1 reporting for a neighboring cell.
· The gNB configures PCI(s) and MeasObject for a CSI reporting/a CMR set/a CMR resource, and CMR can be CSI-RS/SSB for mobility derived according to the MeasObject and the PCI. 
· Method-2: Beam-level event-driven mechanism for L1/L2-centric inter-cell mobility,
·  L1-RSRP reporting involving new candidate beams and neighboring cell information (e.g., PCI) can be carried by a MAC-CE after initialized by an event triggered by L3 mobility measurement.
Proposal 13: CSI-RS/SSB for mobility can be QCL or spatial relation source RS of a channel/signal of neighboring cell. 
Proposal 14: Serving cell and neighboring cell can correspond to the same BWP that is associated with different TCI state groups, each of which is associated with a respective parameter configuration including: PCI, SSB information, RNTI, rate matching, power control information .
· The parameter configuration are applied upon the corresponding TCI indication.
UL beam selection for UE with multiple panels
Proposal 15: 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 the global ID for UE panel(s) is used for reporting and indication
Proposal 16: Besides UE-initiated UL panel selection/activation, NW-initiated panel selection/activation should also be supported.
Proposal 17: Sounding procedure for antenna switching can be further studied for supporting UE fast panel switching.
Proposal 18: Beam/panel-specific P-MPR is introduced in UL power control framework.
· For instance, “P-MPRf,c” is replaced by “P-MPRs,f,c” where s denotes the UL beam/panel index, e.g., TCI state/spatial relation/panel index.
Proposal 19: 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
· 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.
Observation 2: From the evaluation results for MPE impacts, it can be observed that 
· Severe degradation for UL coverage occurs due to the panel-specific MPE impact
· Introducing fast UE panel switching can bring significant performance gain, especially for cell-edge UE.
Advanced beam training/tracking with latency reduction
Proposal 20: Aperiodic beam measurement/reporting based on multiple resource sets should be considered for facilitating P2+P3/P1. 
· Additional UE report to aid P2/P3 related measurement/report configuration (triggering request, and the number of candidate RS(s)) should be considered.
Observation 3: 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 21: UE track one or more SSB(s) from a SSB pool that is explicitly activated by a new MAC-CE to reduce activation delay of TCI state and PL-RS caused by duration of ‘first SSB transmission after MAC-CE command’ and ‘five RS periodicities’, respectively.
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