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1. [bookmark: _GoBack]Introduction
In RAN1#96b meeting, enhancements on multi-beam operation were discussed. Following agreements were made [1].
	Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.

Agreement
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

Agreement
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.

Agreement
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.
Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results

Agreement
Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

Agreement
[bookmark: _Hlk5796618]Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band

Agreement
New beam identification threshold is based on L1-RSRP

Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 



In this contribution, we discuss the enhancements on multi-beam operation in Rel-16, including beam failure recovery for SCell, enhanced beam selection mechanism with low latency and low overhead, UL panel-specific beam selection, and beam measurement and reporting of L1-SINR.
2. Beam failure recovery for SCell

2.1 Remaining issues of RAN1#96b
BFD RS:
In RAN1#96b, the following agreement was made. 
	Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration
R



If BFR RS is on the same CC, the measured hypothetical BLER is accurate. Another CC looks flexible for configuration of BFD RS, however, we don’t see any use-case/benefit to configure BFD RS on another CC. Moreover, another CC has clear disadvantage that the measured hypothetical BLER is not accurate, because another CC has different interference. Once Alt. 2/3 is agreed, there are several issues that we should discuss. For example, how to handle the case that SCell is deactivated, where the deactivated SCell has BFD RS. Since there is no use-case/benefit to configure BFD RS on another CC, if another CC is agreed, we will have to discuss the issues which does not exist in practical. Hence, there is no need to support BFD RS on another CC. 
[bookmark: _Hlk1138366]Proposal 2-1: 
· No need to support downlink RS for BFD in another CC for implicit configuration

BFRQ:
For BFRQ transmission, UE behavior if no new beam is above or equal to the threshold is not decided. From NW perspective, it is beneficial to be informed “no beam identified” on a failed SCell, because it is no worth to recover to a beam which has no sufficient quality. Hence, the information of “no beam identified” should be reported. For the detail of the reporting, there are two possibilities of the reporting:
· Alt. 1: “no beam identified” is reported as a part of new beam information
· Alt. 2: “no beam identified” is reported as a resource selection of the PUCCH/PUSCH (MAC CE) resources 
For the case the new beam is reported as 2-bit information of UCI or MAC CE, Figure 2-1 illustrates an example of Alt.1 and Alt.2. As shown in Figure 2-1 (a), the information of “no beam identified” is reported as a bit state of new beam information. On the other hand, as shown in Figure 2-1 (b), in Alt. 2 the information of “no beam identified” is reported on different resource from new beam reporting resource. 
For the case the new beam is reported as resource selection of SR or PRACH, Figure 2-2 illustrates an example of Alt.1 and Alt.2. As shown in Figure 2-2 (a), in Alt. 1, the information of “no beam identified” is reported as a part of new beam information. On the other hand, as shown in Figure 2-2 (b), in Alt. 2, the information of “no beam identified” is reported on different resource from new beam reporting resource. 
Proposal 2-2: 
· For the detail of the reporting of “no beam identified”, down select from following:
· Alt. 1. “no beam identified” is reported as a part of new beam information
· [bookmark: _Hlk4598699]Alt. 2. “no beam identified” is reported on different resource from new beam reporting resource
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(a) Alt. 1: “no beam identified” is reported as a bit state of new beam information
[image: ]
(b) Alt. 2: “no beam identified” is reported on different resource from new beam reporting resource 
Figure 2-1. For case the new beam is reported as 2-bit of UCI or MAC CE.
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(a) Alt. 1: “no beam identified” is reported as a part of new beam information
[image: ]
(b) Alt. 2: “no beam identified” is reported on different resource from new beam reporting resource
Figure 2-2. For case the new beam is reported as resource selection of SR or PRACH.


2.2 Proposal for BFR on SCell
BFR request destination:
When BFR on SCell is detected by UE, UE should transmit BFR request to gNB. The first discussion point is to which cell UE should transmit BFR request of SCell. Since the numerology of PCell and SCell is different in the considered scenario, if BFR request can be only transmitted to PCell, UE should wait for a large number of slots from SCell perspective. Hence, we believe UE should transmit BFR request of SCell to SCell.
For the same reason, if BFR is detected on SCell with DL-only, we believe UE should transmit BFR request to one of SCell with DL/UL. We believe the important scenario of BFR on SCell is FR1-FR2 CA, and in this case, PUCCH on SCell will be configured, i.e. we can assume at least one of SCell is DL/UL SCell for most of cases. 
Proposal 2-3: 
· When UE detects BFR on SCell (regardless of DL-only or DL/UL), UE can transmit BFR request to one of SCell(s) with DL/UL, if there is at least one SCell with DL/UL.

[image: ]      [image: ]
(a) BFR request to SCell                                                  (b) BFR request to PCell
Figure 2-3. Comparison of BFR request to PCell and SCell.

BFR response:
After UE reports BFR request to the gNB, UE will expect to receive BFR response. The second discussion point is whether the BFR response can be transmitted from SCell. For the same reason as above, we believe UE should be able to receive BFR response of SCell from SCell.
Another discussion point is whether BFR response comes from “a SCell where BFR is detected” or “a SCell where UE transmits BFR to”, since UE may transmit BFR request to different cell from a SCell where BFR is detected. Receiving BFR response will updates UE assumption of TCI state on a SCell where BFR is detected, this BFR response should come within the same CC as the SCell where BFR is detected, otherwise it would be hard for all UE to support to update TCI state across CCs. 
Proposal 2-4: 
· When UE detects BFR on SCell, UE receives BFR response from the BFR detected SCell.

[bookmark: _Hlk872462]Search-space-BFR / CORESET- BFR:
For BFR response in Rel. 15, Search-space-BFR is used, which is one to one mapping to a dedicated CORESET (CORESET- BFR). From NW perspective, this dedicated CORESET is very large restriction for NW to configure BFR in Rel. 15 because the minimum mandated UE capability of CORESETs is 2, and NW cannot configure a dedicated CORESET only for BFR response to the minimum capable UE. Hence, in our understanding, it is almost impossible for NW to configure BFR in Rel.15. However, BFR on SCell in Rel. 16 is essential feature for FR1-FR2 CA, Search-space-BFR / CORESET- BFR in Rel.15 should not be re-used for BFR response in Rel.16. For the BFR response, we prefer that UE can receives the BFR response on any search space of any CORESET. Since supporting new RNTI doesn’t much impact on the blind decoding of PDCCH, we propose to support new RNTI to differentiate BFR response and other DCIs. 
Proposal 2-5: 
· Search-space-BFR / CORESET- BFR in Rel.15 is not re-used for BFR response in Rel.16.
· Support “new BFR dedicated RNTI” to differentiate BFR response and other DCIs.
· BFR response is received as PDCCH reception of any DCI formats scrambled by the “new BFR dedicated RNTI” on any search spaces of any CORESETs.

UL channel of BFR request:
The third discussion point is which UL channel is used to transmit BFR request. Following are possible options:
· BFR request is transmitted by
· Alt. 1: PRACH
· Alt. 2: PUCCH (PUCCH SR based transmission)
· Alt. 3: MAC CE on PUSCH
Alt. 1 is very similar way as Rel. 15 BFR. Advantage of Alt. 1 is that we can reuse Rel. 15 BFR procedures for some cases. On the other hand, disadvantage of Alt. 1 is the limitation of PRACH transmit occasion and multiplexing capacity of CF (contention free)-PRACH. Another disadvantage of Alt. 1 is larger specification work, i.e. we should consider both CB (contention based)-PRACH and CF-PRACH, and we may need to exchange large number of LSs between RAN1 and RAN2 because RACH procedure is RAN2 issue.
Alt. 2 was also discussed in Rel. 15. As discussed in Rel. 15, SR based PUCCH transmission can be used for BFR request transmission, i.e. UE is configured with multiple SR resources with different symbols for BFR request transmission, and UE selects one resource to transmit BFR request. In this case, we should take into account the cases of both PUCCH on SCell is configured and not configured. Similar to PUCCH on SCell, whether UE transmits SR based PUCCH transmission to PCell or SCell should be determined based on whether PUCCH on SCell is configured. Advantage of Alt. 2 is the lowest latency for BFR request transmission because PUCCH resource can be configured on any UL symbols. Another advantage of Alt. 2 is higher multiplexing capacity compared to CF-PRACH, e.g. SR of PUCCH format 0 can multiplex 12 UEs within a PRB on 1-symbol. On the other hand, disadvantage of Alt. 2 is to create new BFR procedure; however, we can reuse BFR procedure of Rel. 15 as much as possible.
Alt. 3 is a new procedure to inform BFR request to gNB by using MAC CE. Advantage of Alt. 3 is MAC CE can contain larger information compared to other alternatives. Disadvantage of Alt. 3 is larger latency. In order to transmit MAC CE on PUSCH, UE should transmit SR to gNB to assign UL grant for PUSCH, hence it would take larger latency to inform BFR request to gNB. For example, if SR periodicity is 10ms, UE should wait for maximum 10ms to transmit SR.
Based on the above discussion, we would like to provide following proposal.
Proposal 2-6: 
· When UE detects BFR on SCell, 
· UE transmits SR based PUCCH to SCell to inform BFR request if UE is configured PUCCH on SCell,
· UE transmits SR based PUCCH to PCell to inform BFR request if UE is not configured PUCCH on SCell.

2.3 Procedure on PUCCH SR based BFR on SCell
Figure 2-4 shows PUCCH SR based BFR procedure; in the figure, the difference from Rel. 15 is illustrated in red. As shown in the figure, we can reuse most part of BFR procedure in Rel. 15. The only differences from Rel. 15 are that UE is configured PUCCH resources instead of PRACH resource and that UE transmits one PUCCH instead of one PRACH.
In PUCCH SR based BFR transmission, multiple SR resources are configured for PCell or SCell, and UE selects one SR resource associated with the new beam. For BFR request transmission, UE transmits PUCCH SR on the selected resource to inform BFR request.

[image: ]
Figure 2-4. PUCCH SR based BFR procedure (difference from Rel. 15 is illustrated in red).

Figure 2-5 illustrates PUCCH SR based BFR request transmission for BFR on SCell. As shown in the figure, whether UE transmits SR based PUCCH transmission to PCell or SCell is determined based on whether PUCCH on SCell is configured. As a result, this proposal can reduce the resource overhead of PCell for BFR request and reduce the latency of BFR on SCell when PUCCH on SCell is configured. 

[image: ]               [image: ]
(a) if PUCCH on SCell is not configured	                   (b) if PUCCH on SCell is configured
Figure 2-5. PUCCH SR based BFR request transmission for BFR on SCell.

3. Low latency and overhead beam selection
<UL beam selection>
3.1 (UL) More than one PUCCH groups for PUCCH spatial relation
In RAN1#96b, the following agreement was made for configuration of spatial relation for PUCCH.
	Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2



In multi-TRP/panel, both ideal backhaul and non-ideal backhaul scenarios are supported. In case of the non-ideal backhaul, the latency between TRPs is large, and the separate HARQ-feedback transmission to each TRP should be supported to avoid large HARQ latency. In this case, UE should transmit multiple PUCCHs with different spatial relation to each TRP as illustrated in Figure 3-1. 

[image: ]
Figure 3-1. Separate HARQ-feedback requires UE to transmit PUCCH with different spatial relation.

To enable update/indicate different spatial relation on each PUCCH resource, we have two options.
· Opt. 1. Rel. 15 configuration/indication of PUCCH spatial relation
· I.e., spatial relation is updated per PUCCH resource
· Opt. 2. Rel. 16 configuration/indication of PUCCH spatial relation 
· I.e. spatial relation is updated per group of PUCCH resources

In Opt. 1, it is possible of indicate different spatial relation on each PUCCH resource. However, the maximum number of RRC configured PUCCH resources is 8, and it is not possible to update spatial relation by MAC CE from the same number of SSB. In Opt. 2, if the number of groups of PUCCH resources is one per BWP, it is not possible to indicate different spatial relation on each PUCCH resource. Hence, at least more than one group of PUCCH resources should be supported to support separate HARQ-feedback to each TRP. 
We provide potential impact on RRC/MAC CE specification, although the details are discussed in RAN2. For RRC parameter, we expect the PUCCH resource group ID is configured per PUCCH resource, or the PUCCH resource group ID is not configured by RRC and implicitly mapped to DCI codepoint of PUCCH resource indicator. For MAC CE signaling, active spatial relation is indicated per PUCCH resource group ID, per BWP ID, per Serving Cell ID.

Proposal 3-1: 
· At least more than one group of PUCCH resources per BWP is supported for spatial relation indication, where a single spatial relation per group of PUCCH resources is updated/indicated by one MAC CE. 

[image: ]     
(a) example 1
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(b) example 2
Figure 3-2. Example of configuration of group of PUCCH resources.

3.2 (UL) Default spatial relation info in FR2
In order to reduce signalling overhead for indication of spatial relation info, it is beneficial to determine default spatial relation info for SRS/PUCCH. In Rel. 15 beam management, DL/UL beam selection has great flexibility, and the beam indication of each physical channel, e.g. PDCCH/PDSCH/SRS/PUCCH, is configured independently. Such a beam indication has potentially large signalling overhead. However, in practical cell deployment, NW configures the same TCI state (QCL type D) for all DL channels including PDCCH and PDSCH, and NW configures the same spatial relation info for all UL channels for SRS/PUCCH/PUSCH. Moreover, since the beam correspondence was agreed as mandatory feature in Rel. 15, NW would configure the same DL RS of the reference RS of TCI state (QCL type D) and the RS of the spatial relation info. In this NW operation, the flexibility of indication of DL/UL beam selection is redundant. Hence, we believe an assumption of the same DL RS as the source of TCI state (QCL type D) and the RS of spatial relation info can reduce the signalling overhead for the indication of the spatial relation info. 
As specified in TS38.331, spatial relation info is an optional parameter, hence there is a case that UE is not configured spatial relation info in FR2 from signalling perspective. In Rel. 15, however, there is no UE behaviour of assumption of the spatial relation info, if the spatial relation info is not configured in FR2. We propose that if the spatial relation info is not configured in FR2, UE assumes the RS of the spatial relation info is the same as the source of DL RS of active TCI state with QCL-D. For the case multiple TCI states are activated, the DL RS of active TCI state is selected as the default QCL assumption of TCI state in Rel. 15, i.e. the QCL assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot. A benefit of the proposal is that it can reduce signalling overhead of configuration/activation of the spatial relation info, i.e. NW is not necessary to configure/activate the spatial relation info; and if QCL assumption of TCI state is updated by RRC/MAC CE, the spatial relation info is automatically updated without signalling. 
Proposal 3-2: 
· If spatial relation info for PUCCH/SRS is not configured in FR2, UE assumes the spatial relation follows the default TCI state of PDCCH
· Note: the default TCI state is same as Rel. 15, i.e. QCL assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot

<DL beam selection>
3.3 (DL) Issue of DL beam selection in Rel. 15
In Rel. 15 beam management for PDCCH, MAC CE based beam selection is supported. Figure 3-3 illustrates MAC CE based beam selection procedure for beam management of PDCCH. As illustrated in Figure 3-3, MAC CE is transmitted on PDSCH, and PDCCH (DL assignment) transmission is required for PDSCH transmission. Hence, if gNB wants to change TCI state for PDCCH, gNB requires transmitting PDCCH with old TCI state to transmit MAC CE. We believe this procedure is not suitable for medium to high speed UEs. Hence, we believe the low latency beam selection should be specified in Rel. 16.
For medium to high speed UEs, shorter periodicity of beam reporting would be required. In such case, beam reporting overhead will be significantly high. In addition to the larger overhead of beam reporting, beam indication would be required in shorter periodicity for such UEs, which also increases signaling overhead for beam indication. Hence, we believe low signaling overhead beam selection should be specified.
[image: ]
Figure 3-3. Issue of MAC CE based beam selection for PDCCH in Rel. 15.
Observation 3-1:
· In Rel. 15 beam management for PDCCH, if gNB wants to update TCI state for PDCCH, gNB requires transmission of PDCCH with old TCI state to transmit MAC CE.
Proposal 3-3: 
· Low latency beam selection should be specified.
· Low signalling overhead beam selection should be specified.

3.4 (DL) Low latency / overhead beam selection
In Rel. 15 beam management, DL beam selection has large flexibility, and the TCI state for PDSCH can be different from that of the scheduling PDCCH. However, at least for SCS=120 kHz, DCI based TCI state indication was not possible practically because the minimum value of the threshold for SCS = 120 kHz is 14 symbols, which is cross slot scheduling, and the cross slot scheduling is not supported in Rel.15 in RAN4. Hence, this large flexibility of TCI state indication for PDSCH is not possible in practical, and the TCI state of the PDSCH is always the same as the default TCI state (the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot), which may be different from the scheduling PDCCH. 
Observation 3-2:
· In Rel. 15, DCI based TCI state indication was not possible practically for SCS = 120 kHz, because the minimum value of the threshold is 14 symbols, which is cross slot scheduling and the cross slot scheduling is not supported in Rel.15 in RAN4.
· In Rel. 15, TCI state for PDSCH is always the same as the default TCI state (the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot), which may be different from the scheduling PDCCH.

Considering the practical cell deployment, the beam direction of DL channels should be the same; at least, we can assume the same TCI state for the scheduled PDSCH and the scheduling PDCCH. Due to the default TCI state, it was not possible to use the same TCI state with the scheduled PDSCH and the scheduling PDCCH. So, we would like to provide following proposal to reduce latency or signaling overhead of DL beam selection.
Proposal 3-4: 
· UE assumes TCI state of PDSCH is the same as that of the scheduling PDCCH, regardless of whether the time offset between the PDSCH and the PDCCH is within the threshold or not, for reducing signalling overhead and latency for TCI state indication of PDSCH.

In this contribution, we focus on the latency / overhead reduction of beam selection for PDCCH.
PDCCH beam selection
For low latency beam selection of PDCCH, using MAC CE for TCI state indication for PDCCH does not contribute to latency reduction from Rel. 15. Using DCI for TCI state indication for PDCCH is slightly better from the latency perspective; however, still gNB needs to transmit PDCCH with old TCI state to update the TCI state. In addition, DCI can only be used to indicate the TCI state of next PDCCH instead of itself. In order to avoid this, autonomous update of QCL assumption without explicit indication of TCI state should be studied for PDCCH beam selection. 
Proposal 3-5: 
· For PDCCH beam selection, updates of the QCL assumption without explicit indication should be supported.

One possible solution is allowing either of multiple RSs as a source of TRS. As illustrated in the Figure 3-4, TRS1 is configured to a TCI state, where either of CSI-RS1 or CSI-RS2 is a source of the TRS1. UE understands either of CSI-RS1 or CSI-RS2 is QCL-D with the TRS1, but NW does not inform UE which one is QCL-D with the TRS1. Figure 3-5 illustrates example for update of QCL assumption of PDCCH. As illustrated in the figure, firstly gNB transmits PDCCH which is QCL-D with TRS1, where TRS1 is QCL-D with CSI-RS1. gNB can update QCL assumption of TRS1 from CSI-RS1 to CSI-RS2 without explicit indication to UE; after the update of QCL assumption, gNB transmits PDCCH which is QCL-D with TRS1, where TRS1 is QCL-D with CSI-RS2 this time. Since the explicit indication of QCL assumption is not required, it enables low latency beam selection for PDCCH.
Proposal 3-6: 
· For low latency beam selection of PDCCH, allow either of multiple RSs as a source of TRS.
· gNB doesn’t inform UE which of RSs is QCL-D with the TRS.
· gNB can update QCL assumption of the TRS without explicit indication to UE.

[image: ]
Figure 3-4. Example of TCI state configuration (either of multiple RSs is a source of TRS).

[image: ]
Figure 3-5. Example of QCL assumption updates for TRS without explicit indication.

4. Multi-panel UL transmission
In RAN1#96b, multi-panel UE (MPUE) categories were clarified and the following agreement was made.
	Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.



We believe the use case of this scope is to enhance UL reliability and robustness in FR2 including URLLC use cases. In Rel. 15, PUSCH/PUCCH repetition over multiple slot is supported for reliability improvement. However, in FR2, single spatial relation assumption over the multiple slot is not reliable enough because the beam may be blocked. Hence, spatial relation cycling on each PUSCH/PUCCH repletion should be supported. 

4.1 PUCCH transmission over multiple TRPs 
Different Spatial relation across PUCCH repetitions should be supported. Further study is needed on how to indicate/configure the Spatialrelationinfo for PUCCH for HARQ-ACK transmission to each TRP (or to each repetition). For example, Spatialrelationinfo for PUCCH transmission for each TRP (for each repetition) can be configured by RRC signalling. Regardless of which PUCCH resource is determined by the PUCCH resource indicator (PRI) indicated in the DCI and/or CCE index of the PDCCH, the configured sequence of Spatialrelationinfo is applied across repetitions. Therefore, as shown in Table 4-1, for each set of PUCCH repetitions, same PUCCH resource can be indicated by PRI, but spatialrelationinfo is different cross repetitions which is semi-statically fixed. 

Table 4-1: Example of PUCCH resource indication with semi-statically configured Spatialrelationinfo sequence 
	PRI field value
	PUCCH resource
	Spatialrelationinfo

	000
	Resource #a
	Spatialrelationinfo ID#1 for 1st; Spatialrelationinfo ID#2 for 2nd; Spatialrelationinfo ID#3 for 3rd; Spatialrelationinfo ID#4 for 4th

	001
	Resource #b
	

	010
	Resource #c
	

	…
	
	



However, semi-static Spatialrelationinfo sequence may not be flexible enough; depending on CSI knowledge at the gNB, the Spatialrelationinfo sequences can be indicated dynamically by DCI. To reduce the signalling overhead, joint field for indicating the PUCCH resource and the Spatialrelationinfo sequence can be considered. Table 4-2 gives an example.

Table 4-2: Example of joint field indication for Spatialrelationinfo sequence and PUCCH resource
	PRI field value
	PUCCH resource
	Spatialrelationinfo

	000
	Resource #a
	Spatialrelationinfo ID#1 for 1st; Spatialrelationinfo ID#2 for 2nd; Spatialrelationinfo ID#3 for 3rd; Spatialrelationinfo ID#4 for 4th

	001
	Resource #b
	Spatialrelationinfo ID#3 for 1st; Spatialrelationinfo ID#1 for 2nd; Spatialrelationinfo ID#4 for 3rd; Spatialrelationinfo ID#2 for 4th

	010
	Resource #c
	Spatialrelationinfo ID#1 for 1st; Spatialrelationinfo ID#1 for 2nd; Spatialrelationinfo ID#1 for 3rd; Spatialrelationinfo ID#1 for 4th

	…
	
	



[bookmark: _Hlk7197234]Proposal 4-1:
· Support Spatial relation cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatial relation cycling across repetitions for PUCCH repetition
· Conclude to support PUCCH repetition within a slot.
· FFS details.

4.2 PUSCH transmission over multiple TRPs 
The same enhancements should be enabled for PUSCH. For uplink, two solutions can be realized by the same mechanism in a unified manner:
For UL single-antenna transmission, different SRI (spatial relation) can be applied across repetitions
For UL multi-antenna transmission, different precoders can be applied across repetitions
Both should be supported for PUSCH repetition. For dynamic grant PUSCH, the same solution for PDSCH repetition as presented in Section 3.1.1 [2] should be enabled. For configured grant PUSCH, precoder/SRI-cycling across repetitions should also be supported. Note that RV sequences of {0, 0, 0, 0} and {0, 3, 0, 3} are already supported for configured grant PUSCH in Rel.15.

Proposal 4-2:
· Support precoder/SRI-cycling across repetitions for PUSCH repetition for both dynamic grant and configured grant
· Precoders/SRIs for PUSCH repetitions are indicated by DCI from multiple sequences of precoders/SRIs
· Multiple sequences of precoders/SRIs for PUSCH repetitions are configured by higher layer
· Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PUSCH repetitions for dynamic grant
· For dynamic grant, one of the RV sequences and starting RV value should be indicatable by the scheduling DCI
· FFS whether the RV sequence and precoders/SRIs are jointly indicated by one field or separately indicated by different fields in the scheduling DCI

PUSCH mini-slot repetition should be usable for this scheme. This should be a common solution as for Rel.16 URLLC PUSCH mini-slot repetition [3]. It is noted that details for mini-slot repetition will be finalized in eURLLC WI.
[bookmark: _Hlk7197383]Proposal 4-3:
· Support mini-slot PUSCH repetition as a function of multi-TRP enhancement for URLLC
· Details of mini-slot PUSCH repetition should be studied in eURLLC WI.

4.3 Number of TRPs for multi-TRP enhancement for URLLC
Assuming that the number of repetitions of a transport block in time-domain is up to 8, in theory, up to 8 TRPs can be used for one PUSCH with using single TRP at one time. On other hand, using 8 TRPs implies that a PUSCH is transmitted with 8 spatial relation information. Considering the trade-off between UE complexity increase and performance benefit, our suggestion is to support at least 4 TRPs for one PUSCH.
In order to confirm the performance benefit of more than 2 TRPs, we conducted link-level simulations. 4GHz and 30GHz with blockage are evaluated. It can be seen from Figure 4-1 that using 4 TRPs offer non-negligible improvement in 4GHz, and significant improvement in 30GHz. Note that for a given carrier frequency, same time/frequency resource allocation for one PUSCH is assumed. 
[image: ][image: ]
Figure 4-1. Average BLER of PUSCH repetitions for 1, 2, and 4 TRPs (left: 4GHz, right: 30GHz).

Table 4-3: Simulation assumptions for PUSCH BLER evaluation
	Parameter
	Value

	Carrier frequency
	4GHz
	30GHz

	Subcarrier-spacing
	30kHz
	120kHz

	TBS
	32 Bytes

	MCS
(MCS table 3 is used)
	For 1 TRP: MCS2
For 2 TRPs: MCS 6
For 4 TRPs: MCS 9

	Number of RBs
	For 1 TRP: 31 RBs 
For 2 TRPs: 31 RBs
For 4 TRPs: 29 RBs

	Number of symbols
	For 1 TRP: 8 symbols x 1 repetition
For 2 TRPs: 4 symbols x 2 repetitions
For 4 TRPs: 2 symbols x 4 repetitions

	DMRS
	DMRS configuration Type 1
For 4 TRPs: FDM between DMRS and UL-SCH

	PDSCH mapping Type
	PUSCH mapping Type B

	Frequency-hopping
	Not used

	Channel estimation
	MMSE

	No. of BS antennas
	4
	2

	No. of UE antennas
	4
	2

	Channel model
	TDL-C (DS=100ns)
	TDL-A (DS=20ns) with blockage model A

	UE speed
	3km/h



[bookmark: _Hlk7197419]Proposal 4-4:
· Support at least up to 4 TRPs for multi-TRP for URLLC.

5. Beam measurement and reporting of L1-SINR
5.1 Performance evaluation
1 
2 
To compare the performance of different beam measurement/reporting methods, system level simulation is performed. In this section, we provide the evaluation results of L1-RSRP only based beam selection method, L1-SINR only based beam selection method, and combined L1-RSRP and L1-SINR based beam selection method. In the combined method, the beam pair links (BPLs) which have L1-RSRP within x dB (e.g., x=3) gap compared with the BPL with the highest L1-RSRP are selected first. Among those selected BPLs, if the L1-SINR of the BPL with the highest L1-SINR is x dB (e.g., x=2) higher than that of the BPL with the highest L1-RSRP, the BPL with the highest L1-SINR is selected. Otherwise, the BPL with the highest L1-RSRP is selected. In the simulation, for interference calculation, random Tx beams are assumed for neighboring gNBs, and UE uses the best Rx beam (for signal reception) to receive the interference from surrounding gNBs who have traffic load. In the simulation, cell average spectral efficiency and 5% edge UE spectral efficiency are evaluated as the metrics. Detailed evaluation assumptions are listed in Table A-I in appendix. The evaluation results are summarized in Figure 5-1. Figure 5-1 (a), (b), (c) provide the evaluation results in full buffer, FTP model 1 with a high resource utilization of 0.84, and FTP model 1 with a medium resource utilization of 0.57, respectively.
	
	   


(a) Full buffer
  
(b) FTP model 1 (RU=0.84)
  
(c) FTP model 1 (RU=0.57)
Figure 5-1. Spectral efficiency of different beam selection methods
[bookmark: OLE_LINK5]From the results above, we can observe that L1-SINR only based beam selection could not outperform L1-RSRP based beam selection. The main reasons for such performance tendency are as follows. 
1. [bookmark: _Hlk524529166]The mismatch between the measured interference in L1-SINR reporting and the actual interference condition for data reception
2. The MMSE-IRC receiver at UE can mitigate inter-cell interference to some extent, which makes the measured interference level in L1-SINR is less important than the signal strength (RSRP)
[bookmark: _Hlk524525231]In addition, we can observe that combined L1-RSRP and L1-SINR based beam selection method achieves the highest performance. This is because the combined method can consider both signal strength and interference condition to make a better decision for beam selection. Hence, it is suggested that NR should support combination of L1-RSRP and L1-SINR measurement and reporting to achieve a better beam selection method.
Observation 5-1: 
· L1-SINR only based beam selection could not outperform L1-RSRP based beam selection.
· Combination of L1-RSRP and L1-SINR based beam selection could achieve better performance than L1-RSRP only based beam selection.
Proposal 5-1: 
· NR should consider combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method.

5.2 Enhancement on beam measurement and reporting
3 
5.2.1 Dedicated IMR configuration presence
In RAN1#96 meeting, it was agreed that interference can be measured based on dedicated resource(s) for interference measurement for L1-SINR. We believe it should apply for both SSB and CSI-RS based L1-SINR measurement. Similar to specified in TS 38.214, UE assumes that the SSB or NZP CSI-RS resource(s) for channel measurement and the configured dedicated IMR(s) for interference measurement. 
In feature lead summary [4] in the last meeting, whether dedicated IMR configuration is always present was discussed as follows but no agreement was made.
	· On presence of dedicated IMR configuration for L1-SINR measurement,
· Alt 1: dedicated IMR should always be configured
· Alt 2: If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.



For SSB based measurement, if IMR is not configured, the interference is measured at the location of SSB REs. In that case, the measured interference result may also include the signal strength from all surrounding gNBs, no matter the surrounding gNBs have traffic load or not. This is because neighboring gNBs in a NW have high probability that the locations of SSBs collide with each other to facilitate UE’s discovery and measurement. Hence, dedicated IMR should always be configured for SSB based L1-SINR measurement to ensure accurate interference measurement. For CSI-RS based measurement, due to different CSI-RS RE locations of neighboring gNBs, the interference measured at CSI-RS REs can be regarded as more accurate. Therefore, dedicated IMR may be not always needed for CSI-RS based L1-SINR measurement. If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.
Proposal 5-2:
· For SSB based L1-SINR measurement, dedicated IMR should always be configured.
· For CSI-RS based L1-SINR measurement, dedicated IMR can be optionally configured.
· If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.

5.2.2 Interference measurement mechanism for L1-SINR
For interference measurement of L1-SINR, it has been agreed to down select from ZP and/or NZP IMR. To enable flexible interference measurement, both ZP or NZP based IMR should be supported. The simulation results above have shown that ZP CSI-RS IMR for inter-cell interference can improve the system performance. The NZP based IMR is also beneficial for some cases. For example, in multi-TRP/panel scenario, NZP CSI-RS resource(s) can be used to measure interference from the other TRP/panel. Hence, accurate L1-SINR can be measured by taking inter-TRP/panel interference into account. For group-based beam reporting, the suitable beam-pair with lowest inter-TRP/panel interference and highest signal strength can be reported for multi-TRP/panel scenario to support joint transmission of multiple PDSCHs from multiple TRPs/panels. For non-group-based beam reporting, L1-SINR considering inter-TRP/panel interference is also beneficial for NW’s scheduling decision. Hence, both ZP and NZP based IMR should be supported for L1-SINR measurement
Proposal 5-3: 
· Both ZP and NZP based IMR should be supported for L1-SINR measurement.

5.2.3 Reporting content
In last meeting, following agreement was made for beam reporting.
	Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· [bookmark: _Hlk6997069]FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· [bookmark: _Hlk7076524]FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results



As shown in our simulation, a combination of L1-RSRP and L1-SINR measurement/reporting based beam selection method should be supported in NR Rel-16. To support the combined beam selection method, following options can be considered for L1-SINR based beam reporting.
· Option 1: L1-RSRP is always reported together with L1-SINR. 
· It can further improve the system performance if L1-RSRP is also used by UE to select/decide the beam(s) to be reported.
· Option 2: L1-RSRP is not reported together with L1-SINR but L1-RSRP is used by UE to select/decide the beam(s) to be reported.
· Option 3: Whether L1-RSRP is reported together with L1-SINR can be configured by RRC signaling. L1-RSRP should be used by UE to select/decide the beam(s) to be reported, at least when L1-RSRP is not configured to be reported.
Our priority order for the options above is Option 3 > Option 1 > Option 2. Based on Option 3, we give an example of optimized procedure for the combined beam selection method with three steps as shown below.
1. UE is configured to perform beam measurement and determines reported beam(s) based on L1-RSRP and/or L1-SINR
a) If UE is configured to perform measurement and determines reported beam(s) based on L1-SINR (and L1-RSRP), with the higher layer parameter groupBasedBeamReporting set to 'disabled',
i. Alt. 1: UE decides the M (M>= nrofReportedRS) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the nrofReportedRS beam(s) to be reported based on L1-SINR.
ii. Alt. 2: UE decides the M (M>= nrofReportedRS) best candidate beams based on L1-SINR first. Then among the M beams, UE selects the nrofReportedRS beam(s) to be reported based on L1-RSRP.
b) In our simulation, it is found that Alt. 1 provides higher performance than Alt. 2. In Alt. 2, if a BPL has the highest L1-SINR but bad L1-RSRP, the performance is not good due to low signal strength and variable interference condition. Hence, it is better to select some beams with highest L1-RSRP first, then down-selection can be performed among those beams based on L1-SINR.
2. UE is configured to report the measured values of L1-RSRP only, or L1-SINR only, or both L1-RSRP and L1-SINR for the reported beam(s)
a) If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, as discussed in Step 1, UE decides the reported beams based on both L1-RSRP and L1-SINR measurement results.
b) For reporting of multiple beams, differential value reporting can be considered for L1-RSRP/L1-SINR to reduce the reporting overhead.
3. After receiving UE’s reporting, NW can further down select the used beams based on the reported measurement results.
With the three steps above, a flexible measurement/reporting configuration and beam selection method can be supported, which facilities NW operation. 
Proposal 5-4: 
· In NR Rel-16, UE can be configured to report the measured values of L1-RSRP only, L1-SINR only, or both L1-RSRP and L1-SINR for the reported beam(s).
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, UE selects the reported beams with following method:
· UE decides the M (M>= m) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the m beam(s) to be reported based on L1-SINR.
· Note: m is the number of beams UE is configured to report

There is a case NW configures multiple IMRs corresponding to multiple beams from other TRP/panel to obtain interference in case of different hypothesis. Figure 5-2 illustrates an example of the use case of multiple IMRs configurations. For example, TRP#1 has 4 beams (beam #1-1, #1-2, #1-3, #1-4) and TRP#2 has 4 beams (beam #2-1, #2-2, #2-3, #2-4). If UE#1 connecting to TRP 1 also reports to TRP 1 the lowest interference beam within beam #2-1, #2-2, #2-3, #2-4, TRP#2 can select the beam for other UEs which have lower interference to UE#1. In order to enable this, addition information can be reported together with L1-SINR. Following alternatives can be considered for such information reporting.
· Alt. 1: the IMR index 
· Alt. 2: an index indicating a combination of CMR and IMR. 
In Alt. 1, addition information reporting of IMR index for L1-SINR is needed. And whether to report such addition information can be configured by RRC. As illustrated in Figure 5-3, under the same signal/channel measurement resource CMR, L1-SINR can be different corresponds to 4 different IMRs.
[bookmark: _Hlk7079363]In Alt. 2, two sub-options can be considered. One way is to configure a combination index for association of CMR and IMR for reporting by RRC signalling. And the other way is to reuse CSI framework for L1-SINR reporting where an SSBRI/CRI implies a combination of CMR and IMR. In Rel-15 CSI framework, separate resource settings are configured for CMR and IMR, respectively, where each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of each resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources. If more than one resources are configured in the resource set for channel measurement, the reported CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RSResource in the corresponding nzp-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured). If CSI framework above is reused for L1-SINR reporting, similarly, the reported SSBRI/CRI corresponds to the same entry of CMR for channel measurement and IMR for interference measurement, which implies a combination index of CMR and IMR.
Therefore, either Alt. 1 or Alt. 2 can be used to indicate the interference hypothesis, which is useful for NW. 
Proposal 5-5: 
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, interference hypothesis can be explicitly or implicitly indicated by following method
· Alt. 1: reporting of IMR index, 
· Whether to be reported can be configured by RRC signalling
· Alt. 2: reporting of an index indicating a combination of CMR and IMR
· Alt. 2-1: RRC configures a combination index for association of CMR and IMR
· Alt. 2-2: Reuse CSI framework for L1-SINR reporting, where separate resource settings are configured for CMR and IMR and the reported SSBRI/CRI corresponds to the same entry of CMR for channel measurement and IMR for interference measurement by the ordering of each resource in the corresponding resource sets.
[image: ]
Figure 5-2. Benefit of reporting IMR in addition to L1-SINR.

[image: ]
Figure 5-3. L1-SINR can be different corresponds to 4 different IMRs under the same SMR.

6. Conclusion
In this contribution, we discussed the enhancements on multi-beam operation in Rel-16. Based on the discussion, we made following observations and proposals.
Beam failure recovery for SCell
Proposal 2-1: 
· No need to support downlink RS for BFD in another CC for implicit configuration
Proposal 2-2: 
· For the detail of the reporting of “no beam identified”, down select from following:
· Alt. 1. “no beam identified” is reported as a part of new beam information
· Alt. 2. “no beam identified” is reported on different resource from new beam reporting resource
Proposal 2-3: 
· When UE detects BFR on SCell (regardless of DL-only or DL/UL), UE can transmit BFR request to one of SCell(s) with DL/UL, if there is at least one SCell with DL/UL.
Proposal 2-4: 
· When UE detects BFR on SCell, UE receives BFR response from the BFR detected SCell.
Proposal 2-5: 
· Search-space-BFR / CORESET- BFR in Rel.15 is not re-used for BFR response in Rel.16.
· Support “new BFR dedicated RNTI” to differentiate BFR response and other DCIs.
· BFR response is received as PDCCH reception of any DCI formats scrambled by the “new BFR dedicated RNTI” on any search spaces of any CORESETs.
Proposal 2-6: 
· When UE detects BFR on SCell, 
· UE transmits SR based PUCCH to SCell to inform BFR request if UE is configured PUCCH on SCell,
· UE transmits SR based PUCCH to PCell to inform BFR request if UE is not configured PUCCH on SCell.

Low latency and overhead beam selection 
<UL beam selection>
Proposal 3-1: 
· At least more than one group of PUCCH resources per BWP is supported for spatial relation indication, where a single spatial relation per group of PUCCH resources is updated/indicated by one MAC CE. 
Proposal 3-2: 
· If spatial relation info for PUCCH/SRS is not configured in FR2, UE assumes the spatial relation follows the default TCI state of PDCCH
· Note: the default TCI state is same as Rel. 15, i.e. QCL assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot

<DL beam selection>
Observation 3-1:
· In Rel. 15 beam management for PDCCH, if gNB wants to update TCI state for PDCCH, gNB requires transmission of PDCCH with old TCI state to transmit MAC CE.
Proposal 3-3: 
· Low latency beam selection should be specified.
· Low signalling overhead beam selection should be specified.
Observation 3-2:
· In Rel. 15, DCI based TCI state indication was not possible practically for SCS = 120 kHz, because the minimum value of the threshold is 14 symbols, which is cross slot scheduling and the cross slot scheduling is not supported in Rel.15 in RAN4.
· In Rel. 15, TCI state for PDSCH is always the same as the default TCI state (the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot), which may be different from the scheduling PDCCH.
Proposal 3-4: 
· UE assumes TCI state of PDSCH is the same as that of the scheduling PDCCH, regardless of whether the time offset between the PDSCH and the PDCCH is within the threshold or not, for reducing signalling overhead and latency for TCI state indication of PDSCH.
Proposal 3-5: 
· For PDCCH beam selection, updates of the QCL assumption without explicit indication should be supported.
Proposal 3-6: 
· For low latency beam selection of PDCCH, allow either of multiple RSs as a source of TRS.
· gNB doesn’t inform UE which of RSs is QCL-D with the TRS.
· gNB can update QCL assumption of the TRS without explicit indication to UE.

Multi-panel UL transmission
Proposal 4-1:
· Support Spatial relation cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatial relation cycling across repetitions for PUCCH repetition
· Conclude to support PUCCH repetition within a slot.
· FFS details.
[bookmark: _Hlk7197328]Proposal 4-2:
· Support precoder/SRI-cycling across repetitions for PUSCH repetition for both dynamic grant and configured grant
· Precoders/SRIs for PUSCH repetitions are indicated by DCI from multiple sequences of precoders/SRIs
· Multiple sequences of precoders/SRIs for PUSCH repetitions are configured by higher layer
· Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PUSCH repetitions for dynamic grant
· For dynamic grant, one of the RV sequences and starting RV value should be indicatable by the scheduling DCI
· FFS whether the RV sequence and precoders/SRIs are jointly indicated by one field or separately indicated by different fields in the scheduling DCI
Proposal 4-3:
· Support mini-slot PUSCH repetition as a function of multi-TRP enhancement for URLLC
· Details of mini-slot PUSCH repetition should be studied in eURLLC WI.
Proposal 4-4:
· Support at least up to 4 TRPs for multi-TRP for URLLC.

Beam measurement and reporting of L1-SINR
Observation 5-1: 
· L1-SINR only based beam selection could not outperform L1-RSRP based beam selection.
· Combination of L1-RSRP and L1-SINR based beam selection could achieve better performance than L1-RSRP only based beam selection.
Proposal 5-1: 
· NR should consider combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method.
Proposal 5-2:
· For SSB based L1-SINR measurement, dedicated IMR should always be configured.
· For CSI-RS based L1-SINR measurement, dedicated IMR can be optionally configured.
· If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.
Proposal 5-3: 
· Both ZP and NZP based IMR should be supported for L1-SINR measurement.
Proposal 5-4: 
· In NR Rel-16, UE can be configured to report the measured values of L1-RSRP only, L1-SINR only, or both L1-RSRP and L1-SINR for the reported beam(s).
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, UE selects the reported beams with following method:
· UE decides the M (M>= m) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the m beam(s) to be reported based on L1-SINR.
· Note: m is the number of beams UE is configured to report
Proposal 5-5: 
· If UE is configured to report L1-SINR only, or both L1-RSRP and L1-SINR, interference hypothesis can be explicitly or implicitly indicated by following method
· Alt. 1: reporting of IMR index, 
· Whether to be reported can be configured by RRC signalling
· Alt. 2: reporting of an index indicating a combination of CMR and IMR
· Alt. 2-1: RRC configures a combination index for association of CMR and IMR
· Alt. 2-2: Reuse CSI framework for L1-SINR reporting, where separate resource settings are configured for CMR and IMR and the reported SSBRI/CRI corresponds to the same entry of CMR for channel measurement and IMR for interference measurement by the ordering of each resource in the corresponding resource sets.
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Appendix
Table A-I: Evaluation assumptions for beam selection
	Parameters
	Values or assumptions

	Scenario
	Dense Urban Micro layer only

	Carrier Frequency
	30 GHz

	Mode
	TDD

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	UMi in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	ISD
	200m

	BS Tx power
	39dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Scheduling algorithm
	PF

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMi in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	L1-RSRP only, L1-SINR only, L1-RSRP and L1-SINR

	Traffic model
	Full buffer/FTP model 1

	UE distribution
	80% indoor; 20% outdoor. 20 users per TRP 



Average Spectral efficiency (bit/s/Hz/TRP)
Average Spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	4.7699999999999996	4.75	4.8600000000000003	


5% edge UE spectral efficiency  (bit/s/Hz)
5% edge UE spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	1.4999999999999999E-2	1.4E-2	1.6E-2	


Average Spectral efficiency (bit/s/Hz/TRP)

Average Spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	89.23	86.9	94.91	


5% edge UE spectral efficiency  (bit/s/Hz)

5% edge UE spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	9.6	9.1999999999999993	9.6	


Average Spectral efficiency (bit/s/Hz/TRP)

Average Spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	130.80000000000001	129.30000000000001	134.4	


5% edge UE spectral efficiency  (bit/s/Hz)

5% edge UE spectral efficiency	L1-RSRP	L1-SINR	L1-RSRP and L1-SINR	7	6.9	7.5	
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