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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 and RAN1-104b e-meeting, agreements on some issues for multi-beam operation are achieved in [2] [3] [4]. In this contribution, we provide some further discussion about the potential enhancements on multi-beam operation based on agreements.  
Efficient beam management 
Unified TCI framework
Agreements about unified TCI framework in RAN1-103 e-meeting can be seen as follows:
Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.
Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
[bookmark: _GoBack]FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication, etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied
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

TCI state pool for separate DL and UL TCI state update
It was agreed that “A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication)” in RAN1-103 e-meeting. But the pool for separate DL and UL TCI state update (beam indication) is FFS. Here we want to provide some views on the pool for separate DL and UL TCI state update.
As we all known that the motivation for separate DL/UL TCI state update is to target the scenario when MPE event occurs. If no MPE event, joint DL/UL TCI state update can be used for both DL and UL beam indication, and there is only one reference signal in each TCI state for one TRP. Thus with joint DL/UL TCI state, one RS can indicate both the best DL beam and the best UL beam. It means that the best DL beam is also the best beam for UL. For example, in the pool of joint DL/UL TCI state, there are 128 TCI states. With joint DL/UL TCI state update, the TCI state ID#3 is indicated to UE for both DL and UL beam. While if MPE events occurs, the TCI state ID#3 can also be indicated to UE for DL beam. But the UL beam with TCI state ID#3 is not the best one for UL because of MPE event. Thus another TCI state in this pool, e.g., TCI state ID#52 can be indicated to UE for UL beam. So from our point of view, it doesn’t mean the reference signal in one TCI state can’t indicate a UL beam, it means that the reference signal in one TCI state indicating the best DL beam can’t indicate the best UL beam. In order to solve this problem, different TCI state within a same pool can be used to indicate DL beam and UL beam respectively. Thus we prefer to use the same joint DL/UL TCI state pool for separate DL and UL TCI state update.      
Proposal 1: Support the same joint DL/UL TCI state pool for separate DL and UL TCI state update.
TCI state pool for CA
In Rel-16 eMIMO discussion, it was agreed to support that a single MAC-CE is used to activate the same TCI state ID(s) for multiple CCs/BWPs. And the CC group is configured by RRC signaling. Thus in order to further reduce the signaling overhead, it is better to share 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. And as same as for MAC-CE, cell-group and/ or reference cell should be configured by RRC signaling. In addition, we also think it is possible that a single TCI state in the pool includes all source RSs from different CCs depending on the RS overhead on each CC.
Proposal 2: Support to share a single RRC TCI state pool for the set of configured CCs.
Agreements about unified TCI framework in RAN1-104 e-meeting can be seen 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
Since separate DL/UL TCI state will be used in the case of MPE issue, and the PHR related to MPE issue is indicated by MAC CE, we think it is not suitable to configure joint DL/UL TCI and/or separate DL/UL TCI via RRC signaling. Thus we slightly prefer Alt 1 and Alt 3.
Proposal 3: Not support to configure joint DL/UL TCI and/or separate DL/UL TCI via RRC signaling.
L1/L2-centric inter-cell mobility
Agreements about L1/L2-centric inter-cell mobility in RAN1-104b e-meeting can be seen as follows:
Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-initiated
Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.

Agreement
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
In Rel 15/16, the number of measured RS resources to be reported per report setting in a non-group-based report is not greater than Nmax, where Nmax is either 2 or 4 depending on UE capability. Accordingly, we think that the number of beam quantity associated with one non-serving cell in single CSI reporting instance should not be greater than Nmax. And Nmax is either 2 or 4 depending on UE capability, too. In addition, the number of non-serving cells whose measurement results can be mixed in one reporting instance has not been decided yet and we denote it as M. According to the definition of K, the maximum value of it is associated with M. For instance, if M is equal to 1, the maximum value of K should be 2 or 4 depending on UE capability. Otherwise, the maximum value of K should increase in accordance with M. Therefore, we think that M should be discussed before we determine the maximum value of K.
Proposal 4: The number of non-serving cells whose measurement results can be mixed in one reporting instance should be discussed before we determine the maximum value of K.
Considering the cell deployment in figure 1, there is a basic assumption that the coverage of each cell is no greater than the distance between the center of serving cell and that of non-serving cell. Under this assumption, it is clear that UE can be covered by 3 non-serving cell at most when it is in the shaded area shown in figure 1. Therefore, the number of non-serving cell(s) for measurement/reporting is no greater than 3 in this deployment scenario. In practice, the deployment of cells is highly flexible and much complicated, and UE may be covered by much more than 3 cells in an intensive deployment case. However, even there exists the case that UE is covered by more than 3 cells, we still prefer that the number of non-serving cell(s) for measurement/reporting is no greater than 3 considering the complexity.


Figure 1, cell deployment
Proposal 5: We prefer that the number of non-serving cell(s) for measurement/reporting is not greater than 3.
As for L1/L2-centric inter-cell mobility, 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 [5].
· 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 6: 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, in other word, time behavior of the reporting should be UE-initiated. 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.
Proposal 7: Support UE-initiated time behavior of the reporting. Report beam measurement results of non-serving cell RSs only when a certain condition is met.
In L1/L2-centric inter-cell mobility, as different from traditional cell handover, the UE is allowed to switch from serving cell beam to neighboring cell beam with stronger L1-RSRP or L1-SINR. Based on the measurement report of non-serving cell RSs, indication of TCI associated with non-serving cell RSs is required. In this case, the TCI state can associate with non-serving cell RSs as QCL source. While CSI-RS from non-serving cell can be configured to UE transparently, for non-serving cell SSB, it is necessary to indicate that the SSB belongs to serving cell or neighboring cell. A neighborcellindex similar to existed ServCellIndex can be defined into QCI-info, or indicate neighboring cell by reusing ServCellIndex and an additional flag. And the mapping between physical cell ID of neighboring cell and the neighborcellindex / flag should be indicated to UE too.
Proposal 8: Support beam indication for TCI associated with non-serving cell.
Proposal 9: Consider a solution to differentiate serving cell SSB and non-serving cell SSB in TCI state.
Dynamic TCI state update signaling medium
Agreements about dynamic TCI state update signaling medium in RAN1-104 e-meeting can be seen as follows:
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

Agreements about dynamic TCI state update signaling medium in RAN1-104b e-meeting can be seen as follows:
Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· 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)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.

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 10: 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 11: 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.
If one codepoint maps to one TCI state and separate DL/UL TCI state is configured, it also need to indicate the TCI state is for DL or UL. Since currently, CSI-RS for beam management and CSI-RS for tracking can be supported as source RS type for both DL and UL QCL Type D. In addition, SRS for BM and SSB can also be supported as source RS type for UL QCL Type D. but if the source RS type is CSI-RS, UE can’t know the TCI state is for DL TCI or UL TCI. The differentiation of DL TCI state and UL TCI state can be realized by explicitly and implicitly method. Implicitly method includes RS type, pathloss RS is included or not.
Proposal 12: If one codepoint maps to one DL TCI state or one UL TCI state, and separate DL/UL TCI state is configured, it is necessary to let UE know the TCI state indicated by beam indication DCI is DL TCI state or UL TCI state.
For the case of M/N >1, we suggest not to indicate M/N > 1 TCI states in one instance of beam indication DCI. M/N > 1 TCI states can be indicated by one MAC CE or different beam indication DCI. While different CORESET can be used to indicate one of M/N > 1 TCI states. For example, CORESET#1 can be used to the 1st TCI state and can be applied to the 1st unified TCI state group, and the 1st unified TCI state group includes CORESET#1, related PDSCH, PUSCH, or so on. CORESET#2 can be used to the 2rd TCI state and can be applied to the 2rd unified TCI state group, and the  2rd  unified TCI state group includes CORESET#2, related PDSCH, PUSCH, or so on. 
Proposal 13: Not support indicating M/N > 1 TCI states in one instance of beam indication DCI. M/N > 1 TCI states can be indicated by one MAC CE or different CORESET can be used to indicate one of M/N > 1 TCI states.
Application time of the beam indication by DCI
Regarding application time of beam indication, there are some alternatives listed in the agreement of RAN1-104 e-meeting. Similar to the threshold timeDurationForQCL in Rel-16, we prefer Alt 1 first. The application time of beam indication can be defined from the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication. In addition, Alt 2B can be configured with more flexibility. If the time offset between the DCI and the scheduled PDSCH is larger than the threshold, the new TCI state will be applied to the PDSCH and the HARQ ACK feedback transmission. Else, the new TCI state will be applied at the first slot that is at least X ms or Y symbols after the acknowledgment.
And also similar to the threshold timeDurationForQCL in Rel-16, the beam application time can be configured by the gNB based on UE capability.
Proposal 14: Alt 1or Alt 2B is much more preferred regarding the application time of the beam indication.
Beam indication for other cases
In RAN1-103 e-meeting, there is no consensus on beam indication for some cases including:
· Case 1: The beam indication UE-specific DCI (i.e. the CORESETs with the DCI received by UE)
· Case 2: The scheduled PDSCH by the DCI and the associated PUCCH for the acknowledgment of the beam indication DCI
· Case 3: Non-UE-specific CORESETs and PUSCH/PDSCH scheduled/activated and PUCCH transmission triggered by non-UE-specific CORESETs
For case 1, as for the first beam of UE-specific DCI, it can be decided by the SSB during random access procedure. After that, the beam indication for the beam indication UE-specific DCI can be indicated by MAC CE or UE-specific DCI. It means that the beam indication UE-specific DCI itself will be received by the old beam and it can indicate the new beam for the next UE-specific DCI.
For case 2, as for the scheduled PDSCH by the DCI and the associated PUCCH for the ACK of the beam indication DCI, it should depend on the relationship between the time offset and a threshold. The time offset is the offset between the reception of the DL DCI and the corresponding PDSCH. The threshold is similar to threshold timeDurationForQCL in Rel-16. If the time offset is equal to or greater than the threshold, the new beam in UE-specific DCI should be used for the scheduled PDSCH. Else, the default beam should be used for the scheduled PDSCH. For the beam indication for the associated PUCCH, it is similar to the case of the scheduled PDSCH.
For case 3, from our point of view, it is not suitable to indicate common beam for non-UE-specific CORESETs since different UE has different best beam. It is much better to configure different best beam for different UE in the case of UE-specific CORESET.  But for non-UE-specific CORESET, gNB transmits the common DCI to more than one UE with a same transmission beam, this beam must be much wider than that for UE-specific CORESET. Thus we prefer to configure different beam for UE-specific CORESET and non-UE-specific CORESET.
Proposal 15: The TCI state assumption for the scheduled PDSCH by the DCI and the associated PUCCH can depend on the relationship of the time offset and a threshold.
· The time offset is the offset between the DCI and the scheduled PDSCH, or the offset between the DCI and the associated PUCCH.
· The threshold can be a threshold similar to threshold timeDurationForQCL in Rel-16.
UL panel selection
Agreements about UL panel selection in RAN1-104b e-meeting can be seen as follows:
Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose
As for UL panel activation/selection, we agree that UE initiated should be supported. For the NW-initiated panel activation, we think it is unnecessary to support since NW is unable to know the real-time information at UE side, e.g. MPE, remaining power, and UL interference. Thus we do not prefer to support NW -initiated panel activation. 
Proposal 16: There is no need to support NW-initiated panel activation.
While for uplink panel selection, we think it is also necessary to support NW decision based on assisted information from MP-UE in some use cases.  And the type of assisted information should be discussed according to different use cases. For example, for the use case of MPE mitigation, it is better to provide P-MPR report at least per panel level. And in order for panel selection at NW side, the panel ID should be indicated explicitly or implicitly along with the beam measurement results. Such as panel specific beam measurement report, or add panel ID for each CRI/SSBRI in the beam measurement report. With these assisted information, NW can select a new UL panel without MPE event impact. While for the use case of UL interference management, it is better to provide the UL interference information along with CSI report or beam measurement report. It is easier to support per-panel UL inference information report than that of per-beam. And also panel ID should be indicated to NW along with beam measurement report for this use case. 
Opt 1-1 means a panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance. It can be used for panel specific beam measurement report, which means the group based beam measurement report that beam in different group can be simultaneously received by UE. But for the group based beam measurement report that beam in a same group can be simultaneously received by UE, it is difficult to inform the correspondence between a panel entity and a reported CSI-RS and/or SSB resource index. It is also difficult for the non-group based beam measurement report. But Opt 1-2 can be applied for all cases of beam measurement report, which improve the flexibility. 
Proposal 17: Slightly prefer Opt 1-2 with panel ID within CSI/beam reports to improve the flexibility.
MPE mitigation
Agreements about MPE mitigation in RAN1-104b e-meeting can be seen as follows:
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
FFS: If differential report is supported when multiple UL beams are reported in the same report
Agreement
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· Information related to the total number of DL/UL panel entities
· Information related to the number of (max) antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 

In Rel-16 framework, the P-MPR report is reported per UE regardless of the number of panels. In the EVM discussion for Rel-17 NR FeMIMO, the panel blockage modeling for MPE defines panel specific blockage, not beam specific. When MPE occurs, the transmission power of all beams on this panel should be reduced. It requires higher accuracy to define MPE event per beam, which may introduce additional complexity at UE side. Thus we prefer to support panel level P-MPR report.
Proposal 18: MPE related UE reporting can be defined per UE panel.
And it also supports to report SSBRI(s) / CRI(s) and / or indication of panel selection for the purpose of indicating alternative of feasible UE panel(s) or Tx beam(s). Based on such reporting and P-MPR report, gNB can decide which UL panel(s) or Tx beam(s) are subject to MPE and which UL panel(s) or Tx beam(s) are not. As for the Tx beam selection for UL transmission, we think it is better to make decision based on the beam measurement report and / or CSI report. Thus from our point of view, it is unnecessary to support additional reporting content for MPE mitigation. It is better to reuse the existed reporting content or enhance the existed reporting content for other purpose, such as beam measurement report.     
Proposal 19: Support no additional reporting content for MPE mitigation, i.e., Option 1D.
Conclusion
In this contribution, we discuss about the potential enhancements on multi-beam operation. Based on above discusses, we provide the following proposals.
Proposal 1: Support the same joint DL/UL TCI state pool for separate DL and UL TCI state update.
Proposal 2: Support to share a single RRC TCI state pool for the set of configured CCs.
Proposal 3: Not support to configure joint DL/UL TCI and/or separate DL/UL TCI via RRC signaling.
Proposal 4: The number of non-serving cells whose measurement results can be mixed in one reporting instance should be discussed before we determine the maximum value of K.
Proposal 5: We prefer that the number of non-serving cell(s) for measurement/reporting is not greater than 3.
Proposal 6: An event to trigger the beam measurement of neighboring cell is needed.
Proposal 7: Support UE-initiated time behavior of the reporting. Report beam measurement results of non-serving cell RSs only when a certain condition is met.
Proposal 8: Support beam indication for TCI associated with non-serving cell
Proposal 9: Consider a solution to differentiate serving cell SSB and non-serving cell SSB in TCI state.
Proposal 10: Introduce a separate HARQ ACK/NACK bit for beam indication DCI in some cases.  
Proposal 11: 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 12: If one codepoint maps to one DL TCI state or one UL TCI state, and separate DL/UL TCI state is configured, it is necessary to let UE know the TCI state indicated by beam indication DCI is DL TCI state or UL TCI state.
Proposal 13: Not support indicating M/N > 1 TCI states in one instance of beam indication DCI. M/N > 1 TCI states can be indicated by one MAC CE or different CORESET can be used to indicate one of M/N > 1 TCI states.
Proposal 14: Alt 1or Alt 2B is much more preferred regarding the application time of the beam indication.
Proposal 15: The TCI state assumption for the scheduled PDSCH by the DCI and the associated PUCCH can depend on the relationship of the time offset and a threshold.
· The time offset is the offset between the DCI and the scheduled PDSCH, or the offset between the DCI and the associated PUCCH.
· The threshold can be a threshold similar to threshold timeDurationForQCL in Rel-16.
Proposal 16: There is no need to support NW-initiated panel activation.
Proposal 17: Slightly prefer Opt 1-2 with panel ID within CSI/beam reports to improve the flexibility.
Proposal 18: MPE related UE reporting can be defined per UE panel.
Proposal 19: Support no additional reporting content for MPE mitigation, i.e., Option 1D.
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