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1. Introduction

Regarding multi-beam operation which is one of the objectives in the WID [1], some enhancements on multi-beam operation including latency and overhead reduction, beam failure recovery for SCell and measurement and reporting of L1-SINR are discussed for NR Rel-16 in this contribution.
2. Enhancement(s) on latency and overhead reduction
In this sub-section, we discuss the enhancement on simultaneous spatial relation update for PUCCH resources, MAC-CE based update for UL power control, beam indication/activation for a group of CCs, default spatial relation for PUCCH and SRS. Besides, some further views on detailed MAC-CE format for activating spatial relation info of PUCCHs, TCI field enhancement when timing offset is less than the threshold, and RRC parameter of CSI-RS configuration can be found in our companion contribution [2].
2.1 Simultaneous spatial relation update for multiple PUCCH resources
The simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE. In RAN1#97, the following working assumption on supporting at least two groups per BWP, is reached. 

· Taking into account that different TCI states can be configured per CORESET (e.g., up to 3 different active TCI states for three CORESETs, respectively), the upper bound for number of groups should be enhanced to 3. 
· Besides, two examples for these single and multi-TRP cases should be supported directly as a typical case for this enhancement. For instance, in multi-TRP transmission, we also need two separate PUCCH groups, each of which is associated with its own TRP in the non-ideal backhaul case.
	Working Assumption

For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:

· At least up to two groups per BWP

· FFS: Details on configuring the groups including whether to use implicit method or explicit method

· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case

· Another example, each corresponding to different active spatial relation at least for single TRP case

· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16


Proposal 1: The following working assumption is confirmed with modifications
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:

· At least up to two three groups per BWP

· FFS: Details on configuring the groups including whether to use implicit method or explicit method

· For example, eEach corresponding to different TRP/panel, at least for multi-TRP/panel case

· Another example, eEach corresponding to different active spatial relation at least for single TRP case

· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16
In our views, grouping PUCCH resources can be achieved according to the following solutions:

· Opt-1: Multiple PUCCH resources is grouped according to the same spatial relation. Rel-15 approach of MAC-CE activating spatial relation info of PUCCHs per resource is still available; one new Rel-16 MAC-CE is introduced for updating all the PUCCH resources that have already shared the same spatial relation (which is activated/configured by Rel-15 MAC-CE). Some details on signalling design can be found in our companion contribution [2].

· Opt-2: Multiple PUCCH resources are grouped/indicated together by a bitmap in the new Rel-16 MAC-CE of activating spatial relation info where the bitmap indicates which PUCCH resources the MAC-CE command applies to.

· Opt-3: Multiple PUCCH resources are grouped by a new group ID, which is introduced into PUCCH resource configuration, i.e., higher layer parameter PUCCH-Resource, in RRC. 
Proposal 2:  Down-selection among the following options of grouping PUCCH resources for updating to the same spatial relation.
· Opt1: PUCCH resources can be grouped based on the same SpatialRelationInfo, 

· Opt2: PUCCH resources can be grouped or indicated together through a bitmap in the corresponding MAC-CE signal where the bitmap indicates which PUCCH resources the MAC-CE command are applied.
· Opt3: PUCCH resources can be grouped based on the new group ID, which is introduced into PUCCH resource configuration.

2.2 MAC-CE based update for UL power control parameters
The update of UL power control parameters are all performed based on RRC which is not aligned with the timing of MAC-CE update on spatial relation for PUCCH, aperiodic and semi-persistent SRS. The timeline mismatch between spatial relation and UL power control parameters may occur frequently. This issue was discussed in RAN1#98, and the following agreement has been reached.
	Agreement

Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:

· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.

· FFS: the cases of non-codebook based PUSCH, SRS

· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.

· gNB can configure more than 4 pathloss RSs.

· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE

· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE

· FFS on whether to support the number of configured pathloss RSs are more than four.

· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.

· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.

· Note: The periodic CSI-RS is used for pathloss reference.

· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.

· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).


The above options can be divided into the following three categories:
· Approach-1: Deriving PL RS from spatial relation info (i.e., Option-1 and Option-2)

· In general, the RS for PL, e.g., a wide beam, may be decoupled with the RS for spatial relation, e.g., a narrow beam, considering that the RS for PL is used for long-term L3 filtering. The approach has been discussed in Rel-15, but it failed to be agreed finally due to that its usage and benefit are limited. 
· An aperiodic RS can be used for spatial relation indication, e.g., beam refinement, but the aperiodic RS can NOT support the long-term PL measurement. 
· For non-codebook transmission, one SRI codepoint may be associated with more than one SRS resource, each of which can be configured with the respective spatial relation info, and selecting of one of these spatial relation info(s) is very challenging. Considering power control parameter is configured per resource set, SRS also has the similar issue.

· Besides, in the non-beam correspondence or only UL SRS configured in spatial relation, one DL RS also need to be re-configured for PL measurement. There is no way to derive one DL RS in spatial relation.
· In a word, this approach can NOT handle any cases, and at most it may be considered as a fall-back solution for some special cases. 

· In Rel-15, when pathloss RS for PUSCH is not configured, UE shall use the RS associated with MIB reception for PL RS. But, this method can NOT be applied to normal transmission and mobility case. 
· Consequently, this approach can be considered as enhancement when UE is in RRC_CONNECT.
· Approach-2: Explicitly providing PL RS (i.e., Option-3)

· Similar to RRC framework for power control parameters, the MAC-CE for activating ap-SRS/sp-SRS may also provide the PL RS (other power control parameters can be considered). Specifically,

· For SRS transmission, only one PL RS ID can be provided for the SRS resource set in the MAC-CE, and the PL RS ID should be selected from the pool for PL RS of PUSCH. 
· Notes that, in Rel-15, PL RS is configured per SRS resource set, and there is no common RRC pool for SRS. In order to follow L3-filtering framework, the PL RS for SRS can be selected from the RRC PL RS pool for PUSCH.
· For PUSCH transmission, as shown in the SRI-PUSCH-PowerControl IE below, the PL RS ID(s) are separately provided for each SRI codepoint for PUSCH.
· Since the same function is copied from RRC to MAC-CE, this approach to provide explicit PL RS ID(s) can well handle PUSCH and SRS transmission in any cases.

	RRC parameter for PUSCH power control in Rel-15

PUSCH-PathlossReferenceRS ::=       SEQUENCE {

    pusch-PathlossReferenceRS-Id        PUSCH-PathlossReferenceRS-Id,

    referenceSignal                     CHOICE {

        ssb-Index                           SSB-Index,

        csi-RS-Index                        NZP-CSI-RS-ResourceId

    }

}

SRI-PUSCH-PowerControl ::=          SEQUENCE {

    sri-PUSCH-PowerControlId            SRI-PUSCH-PowerControlId,

    sri-PUSCH-PathlossReferenceRS-Id    PUSCH-PathlossReferenceRS-Id,

    sri-P0-PUSCH-AlphaSetId             P0-PUSCH-AlphaSetId,

    sri-PUSCH-ClosedLoopIndex           ENUMERATED { i0, i1 }

}

sri-PUSCH-MappingToAddModList
A list of SRI-PUSCH-PowerControl elements among which one is selected by the SRI field in DCI (see TS 38.213 [13], clause 7.1)



· Approach-3: MAC-CE update for TCI state of PL RS (i.e., Option-4 and Option-5).

· For option-4: The periodic RS for PL is often used by multiple UEs for measurement, e.g., PL, BFR or RRM. If this option is used, periodic RS for PL cannot be shared by UEs since the TCI state change can be due to mobility of one particular UE only.  . If going with UE-specific PL RS, the overhead of these periodic RS(s) is very high.
· For option-5: Once a new sp-CSI-RS is activated and  used for PL measurement, the original L3-filtering framework for PL measurement is broken, and UE may not have any measurement before the first UL transmission. The UL performance can NOT be guaranteed.
Besides, in Rel-15, only up to 4 PL RSs can be configured since the L3 filter for the PL RSs is required. The upper bound should be increased to 16, taking into account that the up to 64 beams can be configured for UL transmission. It can be further studied that the upper bound can be increased to 64.
Proposal 3:  At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE, i.e., Option 3. 

· For SRS, only one PL RS is provided for the SRS resource set by the MAC-CE;

· For PUSCH, the PL RS(s) are separately provided for each SRI codepoint for PUSCH by the MAC-CE, when the SRS is used for codebook or nonCodebook;
· Note that the above PL RS(s) for SRS and PUSCH are selected from the RRC pool for PL RS(s) of PUSCH.

· The maximum number of the configurable PL RSs is increased to 16. 
· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.

· FFS: The other parameters including P0, alpha, and a CL index are also activated by the MAC-CE.
Proposal 4: Condition that the downlink RS for PL follows the downlink RS in spatial relation, e.g., Option 1 and Option 2, can be further considered.

· For example, Option1 can be assumed as the supplement of Option3 when PL RS for PUSCH is not configured, and also UE is in RRC_CONNECT mode.

2.3 PDSCH beam activation for a group of CCs
In RAN1#98, the PDSCH beam activation for a group of CCs has been discussed, and the following agreement has been reached.
	Agreement

For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2
· Support of this mode can be indicated by UE capability
· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2
· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 
· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied


While guaranteeing flexibility of activating TCI states across multiple CC/BWP, the key issue of this topic is to reduce the overhead of RRC and MAC-CE signaling as much as possible.
· For Example 1, one MAC-CE is used to activate same set of TCI state IDs from the RRC configured TCI table of each CC/BWP, which only reduces the overhead of MAC-CE signalling but does not save RRC overhead. For Example 2, one MAC-CE is used to activate one set of TCI state from the RRC configured TCI table of an active CC/BWP (reference CC/BWP), and this set of TCI states are applied to all CC/BWPs. In other words, one RRC configured TCI table can be shared among multiple CC/BWPs, and consequently this approach can save not only MAC-CE signalling but also RRC.  The RRC overhead saving can be significant considering TCI table is configured per BWP in Rel-15.

Therefore, Example 2 is recommended in terms of reducing signaling overhead.
Considering that the reference CC/BWP, e.g., PCell, may be configured with much more CSI-RS (e.g., used for beam management and RRM) compared with the target CC/BWP, e.g., SCell. In order to further improve the flexibility of CSI-RS configuration, e.g., for the ID of CSI-RS resource, one configurable offset value for the source RS ID in TCI state can be introduced for each of the reference CC/BWP. Specifically, we have
· The offset value is to provide the difference between the source RS resource ID w.r.t the QCL Type-A in the target CC/BWP and the associated RS resource ID w.r.t the QCL-Type A in the reference CC/BWP.
· When the offset is configured for a target CC/BWP, the QCL Type-A RS(s) applied to the target CC/BWP is that corresponding to the RS resource(s) with the same resource ID(s) as the sum of that indicated by the TCI state IDs and the offset.

Proposal 5: Reuse Rel-15 MAC-CE to activate one set of PDSCH TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2, i.e., Example 2.
· The QCL Type-A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs.

· Only one RRC TCI table corresponding to PDSCH transmission is configured and shared for all BWPs in same band or cell group(s) in FR2.

· FFS: A configurable offset per CC/BWP is introduced for further providing the offset for QCL Type-A resource RS ID indicated by TCI state ID(s).
2.4 Default spatial relation for PUCCH and SRS
In RAN1#98, the following agreement on default spatial relation for PUCCH/SRS was reached, and, in this subsection, the following five candidates are analyzed, respectively.

	Agreement

At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis
· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
· FFS: whether to apply the above for UEs not supporting beam correspondence


Regarding the above candidate solution, we have
· For Alt.1, through reusing the approach of PDSCH default beam, the signalling overhead of beam indication is reduced significantly, and the effective spatial relation info can be updated automatically.  It should be clarified whether default TCI state of PDSCH also includes the case for cross-carrier scheduling where the first entry of the activated TCI state is considered. 
· For Alt.2, the details of which TCI state should be clarified. From the description, it is not clear what it actually means since there is only one active TCI state for a CORESET.  
· For Alt.3, it is an appropriate option. The benefit of this option is the spatial relation of aperiodic signals/channels (SRS/PUCCH) can be dynamically decided based on dynamic triggering/scheduling e.g.  PDSCH/ SRS scheduled by DCI format 1_0. For all other channels, Alt.1 and Alt.3 are the same i.e. following the default TCI state of PDSCH.  So this can be considered as an enhanced version of Alt.1.
· For Alt.4, it is inflexible considering that the serving cell with CORESET#0 is very limited.
· For Alt.5, pathloss reference RS is configured by RRC, and consequently the high latency for reconfiguring PL RS is expected.
Therefore, compared with Alt.2, Alt.4 and Alt.5, Alt.1 and Alt.3 are appropriate options. Alt.3 is more preferable since it is an enhanced version of Alt.1. 
Furthermore, for Alt1 and Alt3, the pathloss RS is also determined according to the resource RS of TCI state of the corresponding CORESET/PDCCH, which is used for determining the spatial relation. 

In addition, in FR1, if the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains pathloss RS from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS where the RS resource is on a same serving cell as in Rel-15. Taking into account that there are still multiple DL beams in FR1, e.g., up to 8 SSB, the way that pathloss RS follows pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS may not be accurate and flexible. Similarly, we can further consider that pathloss RS is obtained according to the reference DL-RS of the CORESET with the most recent slot and the lowest CORESET ID (i.e., Alt-1) or the scheduling CORESET/PDCCH (Alt-3).
Proposal 6: At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS can follow:

· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH.
· FFS: the determination of default power control parameters (e.g. pathloss RS, P0)
· FFS: the improvement for case that the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, e.g., in FR1 with multiple DL beams (up to 8 SSB).
Besides, in R15, the PUSCH scheduled by DCI format 0_0 can follow spatial relation corresponding to dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell. However, there may be no PUCCH resource within the active UL BWP of the cell taking into account that PUCCH resource only can be configured in PCell or PUCCH-SCell. In this case, the following options can be considered to determine the spatial relation of PUSCH scheduled by DCI format 0_0. 
· Option 1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Option 2: scheduling PDCCH
· Option 3: the first TCI state of the PDSCH TCI state set activated by MAC-CE 

· Option 4: the latest PRACH
Furthermore, the pathloss RS is also determined according to the resource RS of TCI state of the corresponding CORESET/PDCCH or DL RS associated with PRACH.
Proposal 7: Further study the default spatial and the corresponding pathloss RS of the PUSCH scheduled by DCI format 0_0, when there is no PUCCH resource within the active UL BWP of the cell.
3. Beam failure recovery for SCell
In RAN1#97, the SR+MAC-CE based framework has been agreed for SCell beam failure recovery at least for DL only case, and in RAN1#98, this framework is also applied for UL and DL case. In this section, the remaining issues for beam failure detection and new beam identification are discussed, then collision/multiplexing rules for SR for recovery is analyzed, and finally the default behavior if SR for recovery request is 
3.1 Remaining issues on beam failure detection
In RAN1#98, the maximum number of RS for BFD per BWP has been discussed, but there is not related agreement to be reached. Since there is a CORESET-BFR or CORESET#0, there is only up to 2 DL RS can be configured for PCell BFR. In SCell BFR, we do not need a CORESET-BFR for receiving gNB response, and consequently the maximum number of DL RSs should be the same as that for CORESETs.
Proposal 8: Maximum number of RS for SCell BFD per BWP is 3

Regarding the association between beam failure detection and beam failure event, the Rel-15 PCell design can be reused. Meanwhile, it should be noticed that, when considering multiple SCell can be configured with SCell BFR, the beam failure event is per SCell. Specifically,

· When the number of beam failure instances for one SCell is more than or equal to the threshold, the beam failure event is declared for the Scell. 
· If UL-SCH resource is available, the MAC-CE based recovery reporting is transmitted.

· If UL-SCH resource is NOT available, the pending SR for recovery request is generated into the pool of pending SRs.

Proposal 9: Reusing the same association/procedure between beam failure detection and beam failure event as in Rel-15.

· Note that the beam failure event is declared per SCell.
3.2 Remaining issues on new beam identification

In RAN1#98, the UE behavior when no new beam RS is configured is discussed, and the following agreement related to down-selection is reached. 
	Agreement

Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis

· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured

· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates


Regarding Alt3, the all SSBs are considered as new beam RS candidates, and some RRC parameters for new candidate beam can be used. This candidate can NOT work well in the case where there is not available SSBs for candidate beam identification, e.g., SCell in FR2 and PCell in FR1, which is the most essential scenario for SCell BFR. The benefits and usages for this alternative is not clear, and consequently, for the simplifying the procedure of SCell-BFR, the gNB shall configure the new beam RS for BFR.
Proposal 10: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured, e.g., Alt-1 as agreed in RAN1#98bis.

3.3 Collision/multiplexing rules for SR for recovery request
Taking into account that the dedicated SR for recovery request is to deliver the urgent event of SCell failure, the positive SR for recovery request should be delivered with higher priority, when the SR is multiplexed or collided with the other UL signals including HARQ-ACK and SRS.  In RAN1#98, the following agreement is reached, and, in this section, the SR for recovery request is equivalent to PUCCH-BFR.
	Agreement

Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1

· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).


3.3.1 Multiplexed with HARQ-ACK
Regarding multiplexing with HARQ-ACK in PUCCH format 0 and PUCCH format 1, in order to provide the information of the positive SR for recovery request, we have 
· For PUCCH format 0 used for HARQ-ACK, 

· The HARQ-ACK information bits are delivered using the SR related PUCCH resource, when the SR for recovery request is positive.

· Otherwise, the Rel-15 behavior is reused, i.e., the multiplexing information between HARQ-ACK and SR is transmitted using the PUCCH format 0 resource of HARQ-ACK.
· For PUCCH format 0 used for SR and PUCCH format 1 used for HARQ-ACK,
· If the SR for recovery request is positive, only the PUCCH format 0 for the positive SR is used for transmission;

· Otherwise, if the SR for recovery request is negative or the normal SR is delivered regardless of its positive or negative values, the PUCCH format 1 with HARQ-ACK is only transmitted
· For PUCCH format 1 used for both SR and HARQ-ACK, the Rel-15 rules are reused, i.e.,
· The HARQ-ACK information bits is delivered using the SR related PUCCH resource, when the SR is positive; otherwise, when the SR is negative one, the HARQ-ACK information bits is delivered using the HARQ-ACK related PUCCH resources;

· Otherwise, the Rel-15 behavior is reused, i.e., the PUCCH resource is determined according to the HARQ-ACK. 

· Besides, for other PUCCH formats (including multiplexing with CSI), the index with SR with positive value can be explicitly provided in Rel-15, and consequently reusing this approach can inform of the positive SR for recovery request accordingly. The coding order between SR and HARQ-ACK can be further studied, when considering the better decoding performance for the former bit(s) in polar coding. 
Proposal 11: When SR for recovery request is multiplexed with HARQ-ACK,
· For PUCCH format 0 used for HARQ-ACK, the UE transmits a PUCCH with HARQ-ACK information bits in the PUCCH resource of SR for recovery request, when the SR for recovery request is positive; otherwise, the multiplexing rule in Rel-15 are reused;
· For PUCCH format 0 used for SR and PUCCH format 1 used for HARQ-ACK,
· If the SR for recovery request is positive, only the PUCCH format 0 for the positive SR is used for transmission;

· Otherwise, if the SR for recovery request is negative or the normal SR is delivered regardless of its positive or negative values, the PUCCH format 1 with HARQ-ACK is only transmitted;

· For PUCCH format 1 used for both SR and HARQ-ACK, the multiplexing rule in Rel-15 are reused.

· FFS: the coding order between SR for recovery request and HARQ-ACK in PUCCH format 2, 3 and 4.

3.3.2 Collision with aperiodic SRS
Besides, in order to provide the SR for recovery request well, when PUCCH with SR for recovery request is collided with aperiodic SRS, the PUCCH with SR should be transmitted. 
· For other cases of periodic and semi-persistent SRS, the PUCCH has the higher priority for transmission.

· Note that this priority rules between SRS and PUCCH carrying the recovery request has been agreed in Rel-15, but unfortunately  it failed to be captured in spec due to the fact that PUCCH based recovery is not completed.
	Agreements(RAN1#90bis):
· In the case of collision of SRS and short PUCCH carrying only CSI report/beam failure recover request, support the prioritization rules in the table below:

· The channel listed in the entries below are prioritized

Aperiodic SRS
Semi-persistent SRS
periodic SRS
sPUCCH with aperiodic CSI report only

No rule**

sPUCCH

sPUCCH

sPUCCH with semi persistent CSI report only

SRS

sPUCCH

sPUCCH

sPUCCH with periodic CSI report only

SRS

sPUCCH

sPUCCH

sPUCCH with beam failure recover request*

sPUCCH

sPUCCH

sPUCCH

· In case SRS is dropped, dropping can be partial in time domain, i.e., only those OFDM symbols that collide with short PUCCH

*If short PUCCH is supported for beam failure recovery request and collision between short PUCCH with beam failure recovery request and aperiodic/semi persistent/periodic SRS occurs, prioritize short PUCCH

** UE can assume that this collision will not occur


Proposal 12: If PUCCH carrying the SR for recovery request is collided with the aperiodic SRS, the PUCCH is prioritized for transmission.

3.4 Default behavior if SR for recovery request is not configured

In RAN1#98, the default behaviour, if SR for recovery request is configured, has been discussed and also raised by RAN2 LS. The following agreement has been reached.
	Agreement

RAN1 will conclude on the following issue in RAN1#98bis

Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).


As a special case for normal SR, beam recovery procedure shall inherit the default behaviour when the SR for recovery request is not configured. It means that, when the no uplink resources for the SR are available, UE shall follows the existing framework for requesting uplink resources, i.e., performing CBRA on SpCell.

Proposal 13: When SR-like dedicated PUCCH resource for SCell BFR is not configured, the UE shall perform CBFA procedure on SpCell as in normal SR procedure.
4. Measurement and reporting of  L1-SINR
4.1 Evaluation on L1-SINR reporting with IMR index(es)
In this section, we evaluate L1-SINR measurement and reporting, involving L1-RSRP and L1-SINR reporting under non-group and group-based approaches for multi-panel operation in the single and multi-TRP (i.e., two TRPs) scenarios. 
· L1-RSRP: Linear average over the power contribution (in [W]) of the resource elements carrying RS.
· For data transmission, interference beam(s) are randomly generated as MU-MIMO interference.
· L1-SINR without IMR index(es) to be reported: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS.
· For SINR measurement in beam management, interference beam(s) are randomly generated.
· For data transmission, the same interference beam(s) are used as MU-MIMO interference.
· Notes that this approach is equivalent to using residual estimate as interference measurement in NZP-IMR, as well as the case of CMR only, i.e., NZP-CSI-RS.
· L1-SINR with IMR index(es) to be reported: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS and the resource elements of interference measurement resource (IMR).
· For SINR measurement in beam management, each Tx beam is generated to NZP-CSI-RS based IMR for interference measurement. A list of low-interference beam, i.e., the indexes of IMRs, is reported per Tx beam to be reported, where, for the reported Tx beam, L1-SINR degradation due to any one of these low-interference beams shall be less than a threshold of 3dB.
· For data transmission, interference beam(s) are randomly selected from the low-interference beam list
Spectral efficiencies for L1-SINR/L1-RSRP reporting in single-TRP and multi-TRP cases in LLS can be found in Figure 1. From the evaluation resources, we have the following observation.
· In the case of single TRP

· Under the case without IMR index(es) to be reported, L1-SINR reporting can NOT obtain any performance gains over L1-RSRP due to that there are often lack of independent Tx-Rx beam pair links in this case.

· L1-SINR reporting with IMR index(es) to be reported can obtain significant performance gains over L1-RSRP, through reporting low-interference beam information using indexes of IMR. (For instance, in terms of average spectral efficiency, non-group: +17.28%↑; Group: +17.74%↑).
· In the case of multi-TRP

· Under the case without IMR index(es) to be reported, L1-SINR reporting can obtain some limited performance gains over L1-RSRP with some increase of independent Tx-Rx beam pair links.

· L1-SINR reporting with low-interference IMR index(es) to be reported can obtain significant performance gains over L1-RSRP, through reporting low-interference beam information. (For instance, in terms of average spectral efficiency, non-group: +23.01%↑; Group: +24.23%↑).
· Regardless of simulation scenarios (single or multiple TRP) and L1-SINR with or without IMR, group based reporting can obtain some dominant performance improvements over non-group reporting. For instance, in L1-SINR with reported IMR in the multi-TRP case, the average spectral efficiency by introducing group based reporting can be increased from 16.3741bit/s/Hz to 18.2731bit/s/Hz (+11.6%↑).
The details and evaluation results on LLS can be found in our companion contribution [4].
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(a)                                                                                                           (b)
Figure 1 CDF of spectral efficiency for L1-SINR and L1-RSRP reporting with/without IMR index(es) to be reporting in the (a) single-TRP and (b) multi-TRP case

Throughput performance for L1-SINR/L1-RSRP reporting under group-based reporting in SLS indoor hotspot scenario can be found in Table 1.
· Similarly, L1-SINR reporting without reporting of low-interference beam offers similar performance to legacy L1-RSRP (Even the some performance degradation can be observed in terms of mean throughput and 50-ile UE). 
· However, L1-SINR reporting with IMR index(es) to be reported, i.e., reporting of low interference beams have significant performance gain over legacy L1-RSRP (+17.28% and +151.834% in terms of mean throughput and cell-edge throughput, respectively). 
Table 1 SLS performance for L1-RSRP, L1-SINR without/with IMR index(es) to be reported in Indoor Hotspot

	
	RU
	Mean Tput.

(Mbps)
	5% Tput.

(Mbps)
	50% Tput.

(Mbps)
	95% Tput.

(Mbps)

	L1-RSRP
	47.47%
	427.95
	69.04
	414.25
	860.37

	L1-SINR without IMR index(es) to be reported
	46.62%
	425.12

(-0.66%↓)
	75.92

(+9.97%↑)
	404.27

(-2.41%↓)
	883.01

(2.63%↑)

	L1-SINR with IMR index(es) to be reported
	36.83%
	502.52

(+17.42%↑)
	173.86

(+151.83%↑)
	486.3

(+17.39%↑)
	932.07

(+8.33%↑)


The details and evaluation results on SLS can be found in our companion contribution [2].
Based on the above observations, SINR reporting without IMR index(es) to be reported can hardly obtain distinct performance gains over the legacy RSRP reporting in both single and multiple TRP cases, especially for single-TRP cases. However, SINR reporting with IMR and its corresponding low-interference beam reporting can significantly improve the performance gain. 
Proposal 14: Information of low-interference beam ID(s) should be reported along with L1-SINR, for the assistance of beam scheduling for MU-MIMO and multi-TRP transmission.

In email discussion [98-NR-20] after RAN1#98, the following two candidates for IMR-based reporting have been identified, i.e., Option 2b and Option 2c, in the case of CMR+NZP-IMR. Taking into account that the Option 2c can be assumed as joint approach between RSRP reporting and L1-SINR reporting based on Option 2b. In order to save the reporting overhead and UE complexity, the Option 2b is recommended. 
	Agreement(related to IMR reporting) in email discussion [98-NR-20]
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:
· [Option 2b: 1 CMR can be mapped to 1 or more than 1 IMRs

· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order

· For each SINR, interference is measured based on one selected/reported IMR

· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’

· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]

· [Option 2c: 1 CMR can be mapped to 1 or more than 1 IMRs

· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of M*K IMR(s)

· UE measures N CMR(s) firstly, and selects K CMR(s) based on L1-RSRP. Then, the L1-SINR of K CMR(s) are calculated with the M*K IMR(s), where CMR(s) and IMR(s) are 1:M mapped in order.

· For each SINR, interference is measured based on selected/reported NZP-IMR

· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’

· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]


4.2 Association/combination between CMR and IMR
Besides index(es) of IMR to be reported explicitly, another candidate solution of reporting CMR to imply a CMR/IMR combination configured by gNB based on CSI framework can be further considered. In RAN1#98, the one-to-one mapping between CMR and NZP-IMR has been agreed if IMR is configured to be on NZP-IMR only, but the association between CMR and IMR in CMR+NZP-IMR and CMR+NZP-IMR+ZP-IMR is still open. 
4.2.1 CMR+NZP-IMR
In email discussion [98-NR-20] after RAN1#98, the following three candidates for association between CMR and NZP-IMR have been identified. 
	Agreements:
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:

· Option 1a: CMR and IMR are 1-to-1 mapped

· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped

· For each SINR, interference is measured based on each associated NZP-IMR only

· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’

· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer

· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs

· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order

· UE may assume that the NZP CSI-RS resource for channel measurement and the M NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'

· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)

· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer

· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs

· In a CSI-reportConfig, gNB configures a list of NK CMR(s) and another list of N NZP-IMR(s). They are K:1 mapped in order.

· For each SINR, interference is measured based on associated one IMR for a CMR.

· UE may assume that the K NZP CSI-RS resource(s) for channel measurement and NZP CSI-RS resource for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’

· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer


Specifically, we have the following analysis for these candidates
· Regarding Option 1a, CMR and IMR are 1-to-1 mapped, and consequently the interference only can be based on the single interference beam. But, considering MU-MIMO cases, the gNB, e.g., with up to 4 gNB panels, may simultaneously schedule more than 2 UE. In this case, the benefits on L1-SINR reporting is restricted.
· Regarding Option 2a, CMR can be mapped to 1 or more than 1 IMR(s), and consequently the one or more interference beam(s) can be emulated flexibly through using the configurable IMR(s), which is shown in Figure 2 (a). In other words, Option 1a can be assumed as a special case of Option 2a, when the only one IMR is mapped for the CMR.
· Regarding Option 3, 1 IMR can be mapped to 1 or more than 1 CMRs, and only CMR ID is reported in such case, which is shown in Figure 2(b). Subsequently, the SINR value is measured based on one of multiple CMRs and the associated IMR, rather than all of CMRs. 
· It works in the P2 case, where the multiple CMRs have the same QCL TypeD with the only one IMR, and Repetition parameter is configured with "off". In such case, UE only needs to fix its Rx beam for measuring these multiple CMRs and the only one IMR, and the interference measured from the IMR is re-used for SINR determination for each of CMRs. 
· Similarly, the Option 1a is the special case of Option3, where the only one CMR is associated with the IMR.
Also, it should be noted that this function of option 3 can be applied to mapping between multiple CMRs and only one ZP-IMR, in the case of "multiple CMR + multiple NZP-IMR+ only one ZP-IMR" as in WA.
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Figure 2 Association between CMR and NZP-IMR resource(s) in (a) Option 2b and (b) Option 3

Proposal 15: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, the following two candidates are supported.
· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs.
· Option 3:  1 IMR can be mapped to 1 or more than 1 CMRs
· Notes that Option 1a is supported as a special case of Option 2a or Option 3.
4.2.2 CMR+ZP-IMR+NZP-IMR
 In RAN1#97, "multiple CMR + multiple NZP-IMR+ only one ZP-IMR" has been agreed as in WA. In our views, this case is an enhanced function for CMR+NZP-IMR as mentioned above, and the only one ZP-IMR is used for measuring the background interference, e.g., inter-cell interference. 

·  In such case, the CMR and its associated NZP-IMR(s) and ZP-IMR(s) configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'

· Similarly, the one-to-one, one-to-K, and K-to-one mapping between CMR and NZP-IMR shall be supported as in the case of CMR+NZP-IMR only.
One example for this framework can be found in the Figure 3, where the parameter “Repetition = off” for both CMR and NZP-IMR is configured as for P2 interference-aware TX beam sweeping. Taking into account that only one ZP-IMR is configured, the all CMR and NZP-IMR resources should be QCL-TypeD QCLed.
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Figure 3 Association between CMR, NZP-IMR and ZP-IMR resource(s)
Proposal 16: Confirm the following working assumption in RAN1#97

· When dedicated IMR is configured,

· NW can configure interference measurement for L1-SINR with either of the following options

· ZP-IMR only

· NZP-IMR only 

· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)

· Maximum Number of ZP IMR is 1

Proposal 17: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR +ZP-IMR, one-to-one, one-to-K and K-to-one associations between CMR(s) and NZP-IMR(s) are supported as in the case of CMR+NZP-IMR only
· All CMR(s) are associated with the single ZP-IMR

· Note that the CMR and its associated NZP-IMR(s) and ZP-IMR configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
4.3 Definition of interference and noise measurement
Similar with CMR+IMR based CQI determination, the interference and noise power contribution of CMR should always be considered, regardless of the configuration of NZP-IMR or ZP-IMR. Otherwise, it is very confusing that the real-time interference and noise of the target CMR are ignored. 
· Note that there is no replication calculation when the noise and interference may be calculated according to both CMR and associated ZP-IMR, due to the fact that the L1-SINR calculation is performed by the linear average per RE. Specifically, the noise and interference power of SINR determination is obtained according to the noise and interference power contribution over the linear average of the resource elements carrying CMR and the resource elements of the associated ZP-IMR(s).
Proposal 18: The interference and noise power contribution of CMR should be considered as interference and noise measurement in L1-SINR reporting, regardless of the case of CMR only, CMR+NZP-IMR, CMR+ZP-IMR and CMR+NZP-IMR+ZP-IMR case.
For using NZP-IMR for interference measurement, one solution of using the residuals from the channel estimation on the NZP-IMR to calculate the interference is also discussed in RAN1 reflector. In this solution, we have 

· Case1: CMR(NZP-CSI-RS) + NZP-IMR

· The using NZP-IMR for estimating interference is the same as the CMR only case, and consequently there is no benefits compared with directly using the NZP-IMR as CMR for measurement. 

· Case 2: CMR (SSB) + NZP-IMR

· Taking into account the estimate error for residual power in NZP-IMR and experiencing different interference between SSB and NZP-IMR, the introducing NZP-IMR may NOT improve the interference measurement compared on SSB only case, which has been already precluded in L1-SINR reporting due to low performance. In contrast, SSB+ZP-IMR is a meaning solution to guarantee the performance of interference measurement in L1-SINR reporting.
Observation 1: There are no clear usage and benefit for using residuals of the channel estimation on the NZP-IMR to calculate the interference.
Consequently, from our perspective, when NZP and/or ZP IMR are configured, 

· Regarding NZP-IMR, the signal power of resource elements of NZP-IMR (which is used for emulating the candidate interference beam) should be assumed as the interference and noise contribution. 

· Note that, in section 4.1, the performance gain for “L1-SINR with IMR index(es) to be reported” is based on this assumption for interference measurement. Comparatively, “L1-SINR without IMR index(es) to be reported” is equivalent to the solution of using residual estimate as interference measurement in NZP-IMR, and there is no performance gains can be observed.

· Regarding ZP-IMR, the all power of resource elements of ZP-IMR (background interference, e.g., inter-cell interference) should be assumed as the interference and noise contribution.
Proposal 19: When NZP-IMR and/or ZP-IMR are configured in L1-SINR reporting,
· Power contribution of the resource elements carrying NZP-IMR is assumed as interference power for L1-SINR measurement.
· Total received power observed in the resource elements carrying ZP-IMR is assumed as interference power for L1-SINR measurement.
4.4 Reporting procedure for L1-SINR

4.4.1 Evaluation for differential SINR quantization
In this subsection, SLS evaluation on group and non-group based beam reporting is performed in both UMA and indoor hotspot scenarios, and also the evaluation assumptions can be found in Annex. The differential value of group based reporting is that of best SINR minus the second best one, i.e., 2 beams to be reported; and, for non-group based reporting, it is that of best SINR minus the fourth best one, i.e., 4 beams to be reported. The SINR range considering NZP-IMR+CMR and CMR only in indoor hotspot can be found in Figure 4(a); The SINR range considering NZP-IMR+CMR and CMR only in UMA can be found in Figure 4(b). The differential SINR at 99.5% CDF and proposed step size with 4-bit representing differential value(s) can be found in Table 2.
·  First of all, the accuracy for differential reporting should be guaranteed, and, for absolute SINR reporting, the step size is 0.5 dB. The larger step size for differential reporting over this absolute one means that the performance of SINR reporting is weaken. 

· Besides, according to Figure 4 and Table 2, it can be observed that the range of differential SINR fluctuates as the reporting format, e.g., group/non-group based reporting, and the RS format, e.g., CMR only or NZP-IMR+CMR. Consequently, with the fixed bits representing differential value, e.g., 4-bit, the recommended step-size are different in various scenarios, e.g., 0.5 dB for CMR only and group based reporting in Indoor Hotspot, but 1.5 dB for NZP-IMR and non-group based reporting in UMA.
In a word, the step size of differential SINR reporting should be configurable or depend on the reporting format and the associated RS format, while the bit length of differential value to be reported is fixed as 4 bit, like L1-RSRP reporting.
Proposal 20: For differential L1-SINR reporting, the bit length is fixed to 4 bits, and the step size of differential SINR reporting is configurable or depends on the reporting format and the associated RS format
· The candidate values for step-size is [0.5, 1, 1.5] dB
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Figure 4 CDF of differential SINR in (a) Indoor Hotspot and (b) UMA
Table 2 Differential SINR at 99.5% CDF and proposed step size with 4-bit representing differential value(s)
	
	Indoor hotspot
	UMA

	
	Group-based
	Non-group based
	Group-based
	Non-group based

	
	NZP-IMR +CMR
	CMR only
	NZP-IMR +CMR
	CMR only
	NZP-IMR +CMR
	CMR only
	NZP-IMR +CMR
	CMR only

	CDF=99.5%
	11.14 dB
	7.81 dB
	14.65 dB
	11.61 dB
	12.54 dB
	10.1 dB
	16.31 dB
	9.61 dB

	Proposed
step-size
	 1 dB
	0.5 dB
	1 dB
	1 dB
	1 dB
	1 dB
	1.5 dB
	1 dB


4.4.2 Reporting configuration
In RAN1#97, it is agreed that the CSI-RS for interference measurement should be CSI-RS for beam management, which means that higher layer parameter Repetition should be configured accordingly. 

· Since UE may also do receive beam sweeping based on different combinations of CMR and IMR, the RRC parameter of “repetition = on/off” for NZP-IMR (i.e., whether the same Tx spatial filter for NZP-IMR resources within a set is used or not) should be supported. For instance, we have
· In P-2, the CMR and NZP-IMR resource sets are configured with “repetition = off”, and K CMR resources are associated with the respective one IMR(s) in order, where there are N*K CMR resources in the CMR resource set and N IMR(s) in the IMR resource set. In such case, the candidate interference beam(s) are limited according to MU scheduling, but there are some more candidate beams to be selected for the subsequent transmission. 

· In P-3, the CMR and NZP-IMR resource sets are configured with “repetition = on”, and one CMR resource is associated with the respective K IMR(s) in order, where the K IMR is to emulate multiple interference beams.
· Besides, in order to avoid the ambiguity of initializing UE Rx beam sweeping or keeping the same UE Rx beam for measurement, the same parameter value of “repetition= on/off” should be configured for both CMR and NZP-IMR in the L1-SINR reporting configuration.

Proposal 21: The RRC parameter of “repetition = on or off” is configurable for NZP-CSI-RS resource set for interference measurement.
· The CMR and NZP-CSI-RS for interference measurement should be configured with same repetition value, i.e., they are either both of “repetition = on” or both of “repetition=off”.

Besides, when the higher layer parameter of “repetition = on” is configured for both CMR and NZP-IMR, the reporting of CMR index is unnecessary as in RSRP reporting. Consequently, the only SINR value is reported in the SINR reporting.
Proposal 22: Only L1-SINR value is required to be reported, when the configuration of “repetition = on” for both CMR and NZP-IMR in L1-SINR reporting.
5. Conclusion

In this contribution, we provide the following observation and proposals for latency and overhead reduction. 
Proposal 1: The following working assumption is confirmed with modifications
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:

· At least up to two three groups per BWP

· FFS: Details on configuring the groups including whether to use implicit method or explicit method

· For example, eEach corresponding to different TRP/panel, at least for multi-TRP/panel case

· Another example, eEach corresponding to different active spatial relation at least for single TRP case

· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16
Proposal 2:  Down-selection among the following options of grouping PUCCH resources for updating to the same spatial relation.
· Opt1: PUCCH resources can be grouped based on the same SpatialRelationInfo, 

· Opt2: PUCCH resources can be grouped or indicated together through a bitmap in the corresponding MAC-CE signal where the bitmap indicates which PUCCH resources the MAC-CE command are applied.
· Opt3: PUCCH resources can be grouped based on the new group ID, which is introduced into PUCCH resource configuration.

Proposal 3:  At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE, i.e., Option 3. 

· For SRS, only one PL RS is provided for the SRS resource set by the MAC-CE;

· For PUSCH, the PL RS(s) are separately provided for each SRI codepoint for PUSCH by the MAC-CE, when the SRS is used for codebook or nonCodebook;

· Note that the above PL RS(s) for SRS and PUSCH are selected from the RRC pool for PL RS(s) of PUSCH.

· The maximum number of the configurable PL RSs is increased to 16. 
· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.

· FFS: The other parameters including P0, alpha, and a CL index are also activated by the MAC-CE.
Proposal 4: Condition that the downlink RS for PL follows the downlink RS in spatial relation, e.g., Option 1 and Option 2, can be further considered.

· For example, Option1 can be assumed as the supplement of Option3 when PL RS for PUSCH is not configured, and also UE is in RRC_CONNECT mode.

Proposal 5: Reuse Rel-15 MAC-CE to activate one set of PDSCH TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2, i.e., Example 2.
· The QCL Type-A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs.

· Only one RRC TCI table corresponding to PDSCH transmission is configured and shared for all BWPs in same band or cell group(s) on FR2.

· FFS: A configurable offset per CC/BWP is introduced for further providing the offset for QCL Type-A resource RS ID indicated by TCI state ID(s).
Proposal 6: At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS can follow:
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH.
· FFS: the determination of default power control parameters (e.g. pathloss RS, P0)
· FFS: the improvement for case that the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, e.g., in FR1 with multiple DL beams (up to 8 SSB).
Proposal 7: Further study the default spatial and the corresponding pathloss RS of the PUSCH scheduled by DCI format 0_0, when there is no PUCCH resource within the active UL BWP of the cell.
Then, we provide the following proposals for beam failure recovery for SCell. 
Proposal 8: Maximum number of RS for SCell BFD per BWP is 3

Proposal 9: Reusing the same association/procedure between beam failure detection and beam failure event as in Rel-15.

· Note that the beam failure event is declared per SCell.
Proposal 10: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured, e.g., Alt-1 as agreed in RAN1#98bis.

Proposal 11: When SR for recovery request is multiplexed with HARQ-ACK,

· For PUCCH format 0 used for HARQ-ACK, the UE transmits a PUCCH with HARQ-ACK information bits in the PUCCH resource of SR for recovery request, when the SR for recovery request is positive; otherwise, the multiplexing rule in Rel-15 are reused;

· For PUCCH format 0 used for SR and PUCCH format 1 used for HARQ-ACK,
· If the SR for recovery request is positive, only the PUCCH format 0 for the positive SR is used for transmission;

· Otherwise, if the SR for recovery request is negative or the normal SR is delivered regardless of its positive or negative values, the PUCCH format 1 with HARQ-ACK is only transmitted;

· For PUCCH format 1 used for both SR and HARQ-ACK, the multiplexing rule in Rel-15 are reused.

· FFS: the coding order between SR for recovery request and HARQ-ACK in PUCCH format 2, 3 and 4.

Proposal 12: If PUCCH carrying the SR for recovery request is collided with the aperiodic SRS, the PUCCH is prioritized for transmission.

Proposal 13: When SR-like dedicated PUCCH resource for SCell BFR is not configured, the UE shall perform CBFA procedure on SpCell as in normal SR procedure.
Finally, we provide the following proposals for measurement and reporting of L1-SINR.
Observation 1: There are no clear usage and benefit for using residuals of the channel estimation on the NZP-IMR to calculate the interference.
Proposal 14: Information of low-interference beam ID(s) should be reported along with L1-SINR, for the assistance of beam scheduling for MU-MIMO and multi-TRP transmission.

Proposal 15: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, the following two candidates are supported.

· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs.

· Option 3:  1 IMR can be mapped to 1 or more than 1 CMRs
· Notes that Option 1a is supported as a special case of Option 2a or Option 3.
Proposal 16: Confirm the following working assumption in RAN1#97

· When dedicated IMR is configured,

· NW can configure interference measurement for L1-SINR with either of the following options

· ZP-IMR only

· NZP-IMR only 

· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)

· Maximum Number of ZP IMR is 1

Proposal 17: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR +ZP-IMR, one-to-one, one-to-K and K-to-one associations between CMR(s) and NZP-IMR(s) are supported as in the case of CMR+NZP-IMR only

· All CMR(s) are associated with the single ZP-IMR

· Note that the CMR and its associated NZP-IMR(s) and ZP-IMR configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
Proposal 18: The interference and noise power contribution of CMR should be considered as interference and noise measurement in L1-SINR reporting, regardless of the case of CMR only, CMR+NZP-IMR, CMR+ZP-IMR and CMR+NZP-IMR+ZP-IMR case.
Proposal 19: When NZP-IMR and/or ZP-IMR are configured in L1-SINR reporting,

· Power contribution of the resource elements carrying NZP-IMR is assumed as interference power for L1-SINR measurement.

· Total received power observed in the resource elements carrying ZP-IMR is assumed as interference power for L1-SINR measurement.
Proposal 20: For differential L1-SINR reporting, the bit length is fixed to 4 bits, and the step size of differential SINR reporting is configurable or depends on the reporting format and the associated RS format
· The candidate values for step-size is [0.5, 1, 1.5] dB
Proposal 21: The RRC parameter of “repetition = on or off” is configurable for NZP-CSI-RS resource set for interference measurement.

· The CMR and NZP-CSI-RS for interference measurement should be configured with same repetition value, i.e., they are either both of “repetition = on” or both of “repetition=off”.

Proposal 22: Only L1-SINR value is required to be reported, when the configuration of “repetition = on” for both CMR and NZP-IMR in L1-SINR reporting.
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Annex
 Table 3 Simulation parameter in Indoor-Hotpot scenario
	Attributes
	Values or assumptions

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per subarray 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.

	Constraints for the range of selective beams per TRP sector
	 [0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). (dV,dH) = (0.5, 0.5)λ

Note: Boresight direction is perpendicular to the ceiling. 

	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;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [5].
Table 4 Evaluation assumptions for UMA system-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMA in TR 38.900

	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.

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

	Scheduling algorithm
	Round robin

	ISD
	500m

	BS Tx power
	43dBm

	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;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

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

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

	BS antenna height
	25m

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

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [5].
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