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[bookmark: _GoBack]Introduction
In RAN-86 meeting, the work item of Further enhancements on MIMO for NR [1] was approved. It aims to specify the further enhancements identified for NR MIMO. The detailed objectives on multi-beam operation are as follows:
· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
In RAN1-103 e-meeting, RAN1-104 e-meeting, RAN1-104bis e-meeting, RAN1-105 e-meeting, agreements, RAN1-106 e-meeting and RAN1-106bis e-meeting on some issues for multi-beam operation are achieved in [2] [3] [4] [5] [6] [7]. In this contribution, we provide some further discussion about the potential enhancements on multi-beam operation based on agreements.  
Efficient beam management 
Inter-cell beam management
Agreements with respect to beam measurement/reporting for inter-cell beam management in RAN1 104bis-e, 106-e and 106-bis-e meeting can be seen as follows[4] [6] [7]:
Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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
Agreement 
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#106bis-e, select one of the following alternatives:
· Alt1. Support L1-based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt2. Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt3. In Rel-17, event-driven beam reporting is not supported for inter-cell beam management and inter-cell mTRP
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP
For aperiodic reporting, the triggering is done by DCI format 0_1/0_2 which schedules PUSCH transmission where the aperiodic CSI report is to be carried. The CSI request field in DCI format 0_1/0_2 points to a so-called aperiodic trigger state. It is possible to configure up to 128 aperiodic trigger states but the CSI request only contains 64 codepoints at most. Then, a MAC CE based sub-selection procedure is needed. This MAC CE sub-selection command can be reused to dynamic activate a subset of higher-layer-configured measurement for non-serving cell SSBs. At first, multiple aperiodic trigger states are configured via RRC and some of them are associated with non-serving cell SSBs. Then a sub-selection MAC CE is used to select-or rather activate-some trigger states. Only when the trigger states associated with non-serving cell SSBs are selected/activated, then a DCI can be used to trigger the corresponding aperiodic reporting.
Proposal 1: The MAC CE sub-selection command for aperiodic trigger states can be reused to dynamic activate a subset of higher-layer-configured measurement for non-serving cell SSBs.
In Rel15/16, an aperiodic trigger state can only be associated with one measurement RS set for beam measurement. Therefore, multiple DCIs are needed to trigger respective aperiodic reporting which is associated with serving cell CSI-RSs/SSBs or non-serving cell SSBs in inter-cell beam management. If serving cell CSI-RSs/SSBs and non-serving cell(s) SSBs are allowed to associated with one aperiodic trigger state, only one DCI is needed to trigger serving cell and non-serving cell(s) aperiodic reporting. This is a good idea to reduce the required DCI overhead to trigger aperiodic reporting of serving cell and non-serving cell(s).
Proposal 2: For aperiodic reporting, associating one aperiodic trigger state with both serving cell and non-serving cell RS can be supported to reduce the required triggering DCI overhead.
From our understanding, the inter-cell beam management happens only when the L1-RSRP of inter-cell beam is almost same as that of serving cell. Else, there is no performance gain. Thus, it is better to use Alt 1 for signaling overhead reduction, there is no need to report two absolute value of L1-RSRP for serving cell and non-serving cell respectively. 
Proposal 3: Prefer one absolute value of L1-RSRP for inter-cell beam management in one L1-RSRP reporting instance.
As for inter-cell beam management, it may start before the channel condition satisfy the L3 based HO triggering event. It means that at the time before L3-RSRP of serving cell is stronger than neighboring cell, it is possible that the L1-RSRP or L1-SINR of a beam associated with neighboring cell is stronger than that of serving cell. Thus it is necessary to use an event to trigger the beam measurement of neighboring cell. And there are two alternatives for the triggering event.
· Alt.1: reuse the Events with L3 measurement results to trigger the beam measurement of neighboring cell.
· For example, Event A2~A6 or Event B1 in TS 38.331.
· Alt.2: define a new event with L1 measurement results to trigger the beam measurement of neighboring cell
· For example, a new event: L1 measurement results of serving cell is lower than a threshold. 
Proposal 4: An event to trigger the beam measurement of neighboring cell is needed.
After the beam measurement of neighboring cell, the beam measurement results of non-serving cell need to be reported to serving cell. Apparently, periodical reporting of non-serving RSs is a straightforward mechanism. However, it costs higher feedback overhead by periodical reporting if the L1-RSRP and/ or L1-SINR of the non-serving cell RS is not stronger. Thus, it is reasonable to report the measurement results of non-serving cell RS only when a certain condition is met. For example, UE reports only N RSs with the strongest L1-RSRP or L1-SINR regardless of serving cell RS or non-serving cell RS. It means that if the L1-RSRP or L1-SINR of non-serving cell RS is stronger and can be ranked into the top N, it will be reported. Therefore, event-driven beam reporting mechanism is at least on the benefit of reducing the reporting overhead.
Proposal 5: Support L1-based or MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP.
The agreements about beam indication for inter-cell beam management in 106-e and 106-bis-e meeting are described as follows [6] [7]:
Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, for the supported 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):
· Support a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states 
· FFS: If UE is configured for only one physical cell ID, decide between the following two options:
· Opt1: the NW can activate TCI states associated with either the same physical cell ID as that of the serving cell or a different physical cell ID from that of the serving cell 
· Opt2: the NW can only activate TCI states associated with the same physical cell ID as that of the serving cell
Note: The above does not necessarily mean that more than 1 physical cell ID that is not serving cell in RRC

Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, the supported number of physical cell IDs different from that of the serving cell that are associated with activated TCI states for the supported 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) will be decided as a part of UE feature discussion.
· Decide in conjunction with inter-cell mTRP, where the candidate value(s) include at least 1

Observed from the Chair's Notes RAN1#106-e [], there is an agreement about the number of physical cell IDs that can be associated with the activated TCI states in the case of inter-cell multi-TRP as shown in Table 1. It says that the serving cell PCI is always associated with active TCI states and only 1 additional PCI can be associated with the active TCI States. Therefore, for inter-cell mTRP, the number of PCI that can be associated with the activated TCI states is 1 and it will not be seen as UE feature according to the discussion so far in agenda 8.1.2.2.
	Agreement
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States



Observation 1: For inter-cell mTRP, the number of non-serving cell PCI that can be associated with the active TCI states is 1.

Dynamic TCI state update signaling medium
HARQ ACK for beam indication with unified TCI by DCI formats with DL assignment
Agreements about dynamic TCI state update signaling medium in RAN1-103 e-meeting can be seen as follows:
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/NACK 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
It was agreed in RAN1-103 e-meeting that the ACK/NACK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI. But there may be a problem when the DCI is received correctly but the PDSCH is not received correctly for multiplexed HARQ ACK codebook scenario. In this case, UE will feedback NACK to indicate the PDSCH need to be retransmitted. But from gNB side, it thought that the DCI is not received correctly neither. Thus the same TCI state will be indicated to the UE again, which will introduce the long latency for unified TCI state update.
In order to solve this problem, it is better to introduce a separate HARQ ACK bit for such DCI. But another new problem is that there will be some redundancy if TCI state indicated in adjacent two DCIs are same, is it necessary to feedback the HARQ ACK/NACK one more time? And also the separate HARQ ACK/NACK bit is not necessary when both PDCCH and PDSCH are not decoded correctly.  
Proposal 6: Introduce a separate HARQ ACK/NACK bit for beam indication DCI in some cases.   
Beam indication with unified TCI in DCI 

DCI formats 1_1 and 1_2 with/without DL assignment were agreed to indicate joint or separate DL/UL beam indication. As for configuration with joint DL/UL TCI or separate DL/UL TCI, we do not prefer RRC signaling. MAC CE can be used to configure with joint DL/UL TCI or separate DL/UL TCI. For example, MAC CE configure joint DL/UL TCI filed and all codepoints of TCI in DCI are mapped to only one TCI state. And MAC CE configure separate DL/UL TCI and all codepoints of TCI filed in DCI are mapped to two TCI states. The other mechanism is that MAC CE configures codepoints of TCI filed in DCI are mapped to one or two TCI states and joint DL/UL TCI or separate DL/UL TCI will be decided by DCI.
For joint DL/UL TCI, existed TCI field is sufficient. For separate DL/UL TCI, there are two alternatives. Atl 1 is to configure the mapping between codepoints in TCI field in DCI and two TCI states by MAC CE, thus both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI by one TCI codepoint.  Alt 2 is to configure the mapping between codepoints in TCI field in DCI and only one TCI state by MAC CE, thus DL TCI and UL TCI state can only be signaled in one instance of beam indication DCI by two separate TCI codepoints. But with the restriction of existed TCI filed, it is better to indicate DL TCI state and UL TCI state in different instance of beam indication DCI. 
Proposal 7: Both DL TCI and UL TCI state can be indicated in one instance of beam indication DCI by configuring the mapping between one codepoint in TCI filed with one DL TCI state and one UL TCI state through MAC CE.
Application time of the beam indication by DCI
Agreements about dynamic TCI state update signaling medium in RAN1-106bis e-meeting can be seen as follows:
Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors
In Rel-16, the DL beam and UL beam is separately indicated. While in Rel-17, if separate DL TCI state/ UL TCI state is used, it is better to clarify separate DL TCI state and separate UL TCI state are applied according to its corresponding SCS.    
If joint TCI state is used, beam application time should be determined based on the smaller SCS between DL SCS and UL SCS.
Proposal 8: Beam application time for DL and UL should be determined based on DL SCS and UL SCS respectively if separate DL TCI state and separate UL TCI state is used.   
Proposal 9: Beam application time for DL and UL should be determined based on the smaller SCS between DL SCS and UL SCS if joint TCI state is used.   
UL panel selection
Agreements about UL panel selection in RAN1-106 e-meeting can be seen as follows:
Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, down select or modify from the following two schemes in RAN1#106bis-e:
· Scheme 1: 
· A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance (i.e. Opt1-1 per RAN1#104-bis-e agreement) 
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS : Detailed design of how to inform the correspondence to NW 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Support UE reporting of maximum number of SRS ports and coherence type for each panel entity as a UE capability
· Support multiple codebook -based SRS resource sets with different maximum number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE capability for the panel entity 
· Scheme 2: 
· Support UE reporting one of the following (to be down selected in RAN1#106bis-e): 
· Opt1. A list of supported UL ranks (number of UL transmission layers) 
· Opt2. A list of supported number of SRS antenna ports
· Opt3. A list of coherence types (as in Rel-15) indicating a subset of ports
· The NW configures an association between an rank index and rank/number of SRS antenna ports/coherence type
· Include at least one of the index, the maximum UL rank or SRS antenna ports or coherence type corresponding to a reported SSBRI/CRI in a beam reporting instance 
· FFS : timeline to apply above result in the beam report instance
· Support multiple codebook-based SRS resource sets with different number of SRS antenna ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE reported info corresponding to the index
As for Scheme 1 and Scheme 2, we prefer Scheme 1. Since with Scheme 1, gNB can know the correspondence information between panel entity and a reported CSI-RS and/or SSB resource index. With such information, if one UL panel can’t work because of interference or power saving or MPE, gNB can schedule the UL beam from the available panel correctly.   
Proposal 10: Prefer Scheme 1 to facilitate UE-initiated panel activation and selection.
MPE mitigation 
Agreements about MPE mitigation in RAN1-106bis e-meeting can be seen as follows:
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1



During the discussion in last RAN1 e-meeting, on Rel.17 enhancements to facilitate MPE mitigation, for selection of N from a candidate SSB/CSI-RS resource pool, there are 4 alternatives for selection: 
· Alt1. Based on L1-RSRP minus P-MPR value for each resource 
· Alt2. Based on calculated Virtual PHR for each resource
· Virtual PHR is modified by considering virtual P-MPR
· Alt3. Based on L1-RSRP for each resource among the resources with P-MPR values less than a threshold
· FFS: Reporting when there are only less than N P-MPR values under the threshold
· Alt4. No RAN1 spec impact (possibly left to RAN4) 
According to the agreement, for each P-MPR value, up to 1 SSBRI(s)/CRI(s) will be reported together. In order to report SSBRI(s)/CRI(s) for UL transmission, it is better to select SSBRI(s)/CRI(s) with the highest UL L1-RSRP, which can be replaced by DL L1-RSRP minus P-MPR value. Thus we suggest to adopt Alt 1 to select SSBRI(s)/CRI(s) based on L1-RSRP minus P-MPR value.  
Proposal 11: Prefer to select SSBRI(s)/CRI(s) based on L1-RSRP minus P-MPR value to facilitate MPE mitigation.
Conclusion
In this contribution, we discuss about the potential enhancements on multi-beam operation. Based on above discusses, we provide the following proposals.
Observation 1: For inter-cell mTRP, the number of non-serving cell PCI that can be associated with the active TCI states is 1.
Proposal 1: The MAC CE sub-selection command for aperiodic trigger states can be reused to dynamic activate a subset of higher-layer-configured measurement for non-serving cell SSBs.
Proposal 2: For aperiodic reporting, associating one aperiodic trigger state with both serving cell and non-serving cell RS can be supported to reduce the required triggering DCI overhead.
Proposal 3: Prefer one absolute value of L1-RSRP for inter-cell beam management in one L1-RSRP reporting instance.
Proposal 4: An event to trigger the beam measurement of neighboring cell is needed.
Proposal 5: Support L1-based or MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP.
Proposal 6: Introduce a separate HARQ ACK/NACK bit for beam indication DCI in some cases.   
Proposal 7: Both DL TCI and UL TCI state can be indicated in one instance of beam indication DCI by configuring the mapping between one codepoint in TCI filed with one DL TCI state and one UL TCI state through MAC CE.
Proposal 8: Beam application time for DL and UL should be determined based on DL SCS and UL SCS respectively if separate DL TCI state and separate UL TCI state is used.   
Proposal 9: Beam application time for DL and UL should be determined based on the smaller SCS between DL SCS and UL SCS if joint TCI state is used.   
Proposal 10: Prefer Scheme 1 to facilitate UE-initiated panel activation and selection.
Proposal 11: Prefer to select SSBRI(s)/CRI(s) based on L1-RSRP minus P-MPR value to facilitate MPE mitigation.
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