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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 UL transmit beam selection for multi-panel operation, 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 multi-beam operation

2.1 UL multi-beam operation
In this sub-section, we discuss the enhancement on framework for panel-specific UL transmission, panel-specific reporting, UE panel activation/deactivation, panel-specific UL transmission. Besides, some further views on local beam sweeping for UL, panel-specific UL power control, group based beam reporting and multi-beam measurement for multi-panel/TRP case can be found in our companion contribution [2].
2.1.1 Framework for panel-specific UL transmission
In RAN1#97, the framework for indicating UE panel for UL transmission has been discussed, and the following agreement has been reached.  In general, two candidate solutions of introducing UL-TCI and introducing new panel ID for Rel-15 UL beam management framework have been identified. 
· Note that all discussion is based on the agreed MPUE-Assumption 3 in this contribution. Besides, taking into account that the terminology of “panel” is related to UE implementation, the wording of “panel” may be replaced by “antenna group” as general description in this contribution.
	Agreement

Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via

· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.

· A new panel ID may or may not be introduced.

· A panel specific signaling is performed using UL-TCI state

· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH

· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.

· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).

· No new MAC CE is specified for the purpose of introducing the ID.


Regarding Alt.2, UL-TCI is to achieve a unified solution for PUSCH, PUCCH and SRS, compared with Rel-15 UL beam management. Due to merging many candidate solutions, the details of UL-TCI framework as agreed in above are unclear. Compared with Rel-15 framework, the following question should be solved to clarify the solution. 
· Q1: Whether a panel ID can be configured in UL-TCI state as for panel-specific transmission? If not, how the panel-specific transmission can be achieved?
· Q2: Whether DL RS can be configured as a reference RS for PUSCH transmission? If yes, how to achieve the port indication for PUSCH?
· Q3: What is the signaling for indicating UL-TCI for PUSCH/PUCCH/SRS, e.g., RRC+MAC-CE or RRC+MAC-CE+DCI?
· Q4: Whether a common pool of UL TCI can be shared for PUSCH, PUCCH and SRS? 
· For instance, a common pool of DL TCI is configured for PDSCH transmission, and the TCI states applied to PDCCH and CSI-RS is selected from the common pool

· Q5: Whether the UL TCI should further include or be associated with the UL power control parameters?
Since a new framework is needed to be introduced for UL beam management, the complexity for specifying UL-TCI framework is very high, and the spec work may not be completed in the following three Rel-16 RAN1 meetings. Also, the benefits of introducing this new framework are not clear. Except for using DL RS for PUSCH port indication (which is very controversial), its other functionality is similar to the spatial relation indication in Rel-15, e.g., for SRS and PUCCH.
Regarding Alt.3, introducing a new panel ID applied to the transmission for UL RS and channel is based on Rel-15 framework. It is to keep the same understanding of activated UE panels between gNB and UE sides, taking into account that UE can control the panel activation or deactivation. Therefore, the following two small aspects should be enhanced for panel-specific transmission.
· Panel-specific reporting should be enhanced to provide the state of a UE panel in beam correspondence case, which is mandatory even in Rel-15. According to the panel-specific report results, gNB can schedule the UL beam(s) associated with an activated antenna group accordingly. 
· A UE antenna group ID is directly introduced into spatialRelationInfo for a target SRS resource or resource set, for PUCCH resource. The panel-specific reporting may NOT be received by gNB side, and DL-RS only based spatial relation indication may be ambiguous if one DL RS is reported in two reporting instances for separate UE panels. The configuration of UE group antenna ID is to confirm which panel should be used for the subsequent transmission. 
In general, the solution can well support the panel-specific transmission with limited specification complexity in Rel-15. For multi-beam operation enhancement in the future releases, i.e., multiple UL beams serving for one transmission, we only need to increase the number of configurable reference RSs and their respective associated antenna group IDs in spatialRelationInfo accordingly.
In order to compare above two candidates, we provide our observations based on the following aspects as agreed
· Maturity: Alt-2 is worse than Alt-3
· Note that Alt-3 only needs two slight modifications based on Rel-15 design, but there is no clear solution for Alt-2, e.g., above 5 open questions. Also, taking into account that only three meetings are left in Rel-16, it is difficult for Alt-2 to have a clear roadmap for completing its detailed solution within the short time.
· Efficient use of SRS resource usage: No difference between Alt-2 and Alt-3.
· Note that, in Alt-2, the DL RS may be reference RS for PUSCH, but, after reviewing current contributions, there is NO clear solution for PUSCH port indication. If only UL RS can be used as reference RS for PUSCH, there is no difference between two candidates in terms of efficient use of SRS resource usage.
· Extension to simultaneous transmission across multiple panels, i.e., forward compatibility: No difference between Alt-2 and Alt-3
· Note that, if the simultaneous transmission across multiple panels is supported, multiple TCI or spatial relation infos should be enhanced to be associated with one target RS or channel, regardless of Alt-2 and Alt-3.
Proposal 1: Alt.3 is supported for panel-specific transmission for UL transmission, i.e.,
·  A new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH

2.1.2 Panel-specific reporting and UE panel activation/de-activation

Beam correspondence by downlink-uplink association is useful to reduce the effort on UL beam management. In our view, beam correspondence is also the major motivation of introducing a new ID representing a panel. Consequently this “UE antenna group ID” should have association with DL RS to support beam correspondence. The “UE antenna group ID” can be selected and configured by gNB, according to UE capability signaling together with panel-specific beam reporting.  Note that the maximum number of antenna groups and activated antenna groups are based on UE capability signaling, and the global ID is used for reporting and indication.
· As agreed in RAN1#96bis, UE can control the panel activation and deactivation as a UE driven event, and, in order to guarantee panel indication for UL transmission, the state of panel to be used for DL/UL transmission should be reported through panel-specific reporting to gNB side.
· For non-group based approach as in Rel-15,

· One or more DL RS(s) + their associated one antenna group are to be reported in a reporting instance, where the one antenna group is assumed to be activated.
· Note that, in two separate reporting instance, the different antenna groups reported may be assumed to be activated simultaneously.
· Spatial relation with reference DL RSs associated with activated antenna groups can be dynamically switched.

· For group based approach as in Rel-15,

· Multiple sets of {one DL RS + its associated antenna group} are reported in a reporting instance, where the associated antenna group(s) are assumed to be activated.
· DL RSs associated with the same antenna group may NOT be possibly received simultaneously;
· DL RSs associated with different antenna group can be received simultaneously.

· Spatial relation with reference DL RSs associated with activated antenna groups can be dynamically switched.
For instance, one example for panel-specific reporting is shown in Figure 1, where there are four antenna groups in UE sides, up to 2 antenna group can be activated, and only one antenna group can be used for UL transmission in a given time. In each of reporting instance, RS and antenna group information are reported based on the group based approach in Rel-15. 
· The state of antenna group, i.e., idle or active modes, is determined according to the panel-specific reporting. Each of antenna group is associated with a timer, and, once the group ID is reported, the timer is re-stared. Upon timer expiry, the activated panel is assumed to be switched into idle mode accordingly.

· Only one of activated antenna groups can be scheduled for UL transmission, but the UL transmission using one activated antenna group can dynamically switch to the other activated one.  
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Figure 1 Panel-specific reporting in group-based approach
Proposal 2:  The associated antenna group(s) are reported along with DL RS(s) in the panel-specific beam reporting, where the associated antenna group(s) are assumed to be activated.
· Spatial relation states including reference DL RSs associated with activated antenna groups can be dynamically switched for UL transmission.
· The panel-specific beam reporting can be applied to non-group based and group based approach in Rel-15.

Besides UE-driven panel activation/deactivation behaviour, the mechanism of gNB-driven UE panel activation or deactivation for DL/UL beam measurement should be further studied, so that the gNB knows the channel quality associated with specific UE antenna group(s).

· Beam or CSI measurement and reporting can be based on either activated or all antenna group(s) to facilitate antenna group selection. A mechanism can be designed to wake up antenna groups periodically or aperiodically for measurement to select antenna groups.

Proposal 3: Study the mechanism of gNB-driven UE panel activation and deactivation for beam or CSI measurement, e.g., wake up antenna groups periodically or aperiodically for measurement to select antenna groups.
2.1.3 Panel-specific transmission of uplink channels/signals
In RAN1#96bis, the following working assumption for panel-selection based transmission for UL has been reached. In this subsection, the details of panel-specific PUSCH, PUCCH, SRS and PRACH transmission are analysed. 
	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.


1) Panel-specific PUCCH transmission

In general, UL TX beam is generated per a UE panel, and meanwhile UL Tx beam is determined according to higher layer parameter spatialRelationInfo, which means that, in order to have a distinct UL beam indication, the UE antenna group ID should be provided together. Therefore, straightforwardly, the UE antenna group ID is introduced into the spatialRelationInfo for the joint indication of panel ID and beam ID. 
2) Panel-specific SRS transmission
In order to have a unified architecture for panel specific transmission, a UE group antenna ID is directly introduced into spatialRelationInfo for an SRS resource for panel specific SRS transmission. But, taking into account that SRS resource set is aligned with UE panel (e.g., non-simultaneous transmission for BM-SRS in a set, and UL power control parameters to be configured per SRS resource set), the same UE group ID shall be configured for all SRS resources in a SRS resource set.
3) Panel-specific PUSCH transmission

In Rel-15, there is no explicit spatialRelationInfo indication for PUSCH transmission, but the Tx beam of which is determined according to the SRS resource(s) associated for the PUSCH transmission. This framework can be reused for panel-specific PUSCH transmission, which means that the panel ID of the PUSCH transmission can be derived from the associated SRS resource(s).
4) Panel-specific PRACH transmission

The TA estimation is the basic requirement for UL transmission, which means that, if we would like to have an efficient transmission for SRS, PUSCH and PUCCH, panel-specific PRACH transmission should be also supported accordingly.

· To be more specific, in order to achieve UL sync, PDCCH-order PRACH scheduled by DCI format 1_0 as follows should also be transmitted with a given panel, i.e., UE antenna group. That means that the DL RS + UE antenna group ID can be indicated for panel-specific PRACH transmission, where the reserved bits of the DCI format 1_0 as highlighted below is used for carrying the UE antenna group ID accordingly.
· Besides, per-TRP beam recovery should be considered in multi-TRP case. In general, each of UE panels is associated with a given TRP, which means that PRACH resources should be associated with the UE antenna group ID. Some more details can be found in our companion contribution [3].
	Section 7.3.1.2.1
Format 1_0, TS 38.212(Rel-15)
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:

-
Random Access Preamble index – 6 bits according to ra-PreambleIndex in Subclause 5.1.2 of [8, TS38.321]
-
UL/SUL indicator – 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is configured with supplementaryUplink in ServingCellConfig in the cell, this field indicates which UL carrier in the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved
-
SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved. 
-
PRACH Mask index – 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to Subclause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
-
Reserved bits – 10 bits


Proposal 4: The following working assumption is confirmed with modifications
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH, PRACH 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.

Proposal 5: The following schemes are supported for panel-specific UL transmission.

· Regarding PUCCH transmission, the UE antenna group ID is introduced into the spatialRelationInfo per PUCCH resource.
· Regarding SRS transmission, the UE antenna group ID is introduced into the spatialRelationInfo per SRS resource in a SRS resource set, where the same UE group ID should be configured for any SRS resources in the SRS resource set.
· Regarding PUSCH transmission, no further enhancement on the UE antenna group ID is required.

· Regarding PRACH transmission, the UE antenna group ID is introduced in DCI format 1_0 for random access procedure initiated by a PDCCH order.

· FFS: other cases, e.g., PRACH for BFR.
2.2 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, MPE, 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].
2.2.1 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 6: 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 7:  Down-selection among the following options of grouping PUCCH resources for updating the single 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.

2.2.2 MAC-CE based update for UL power control parameters
Generally, the UL power control parameter should be updated according to spatial relation update, especially for PL RS. Unfortunately, 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 mismatch between spatial relation and UL power control parameters may occur frequently. This issue has been discussed in RAN1#97, and the following agreement has been reached.
	Agreement

Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.

· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.

· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.


In addition to PL RSs for PUSCH and SRS which should be updated via MAC-CE, the other parameters, e.g., closed loop process and P0/alpha should also be updated together due to the fact that the UL interference is beam specific, and the target power and closed loop process should also be beam specific (this is also aligned with Rel-15 framework). 

· Considering that the spatial relation of PUSCH is implicitly configured through SRS for nonCodebook or codebook, the corresponding UL power control parameters for PUSCH should be updated through the MAC-CE for ap-SRS and sp-SRS together.

· In Rel-15, only up to 4 PL RSs can be configured since the L3 filter for the PL RSs are 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.
· The approach that RS for PL follows the downlink RS in spatial relation has been discussed in Rel-15, but it failed to be agreed finally due to that its usage and benefit are limited. 
· 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. 
· 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. 
· Besides, in the non-beam correspondence, one DL RS also need to be re-configured for PL measurement. There is no way to derive one DL RS in spatial relation.
Proposal 8:  When the spatial relation of AP-SRS/SP-SRS is activated by MAC-CE, UL power control parameters for the AP-SRS/SP-SRS can be activated via the MAC-CE.

· When the AP-SRS/SP-SRS is used for CB/NCB, UL power control parameters for PUSCH can also be activated via the MAC-CE.
· The maximum number of the configurable PL RSs is increased to 16. 
· Note that the UL power control parameters include P0, alpha, PL RS and a closed loop process. 

· FFS: Usage and benefit that the downlink RS for PL follows the downlink RS in spatial relation.
2.2.3 Maximum Permissible Exposure (MPE)

In RAN1#97, the MPE impact for above 6GHz communications was discussed again, and the following agreement has been reached.

	Agreement

Down-select in RAN1#98 from the following options for beam management enhancements:

· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission

· FFS: Whether to support SRI in addition to CRI/SSBRI

· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)

· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple

· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.

· FFS: Enhancement on UL beam configuration for virtual PHR. 

· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.

If no consensus in RAN1#98, no further discussion in RAN1.


In NR Rel-15, RAN4 has introduced P-MPRf,c for reducing the maximum transmission power, i.e., Pcmax, from power class, taking into account the MPE impact. Specifically, if the percentage of uplink symbols transmitted within any 1s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c. This is a good starting point for Rel-16, if some enhancements for this issue are needed. 
There is no doubt that the MPE impact for respective UL beam may be different, but, unfortunately, there is no beam-specific P-MPR definition in Rel-15. Consequently, beam-specific P-MPR should be introduced firstly, i.e., P-MPRs,f,c where S denotes the UL beam index, e.g., RS resource/spatial relation index.
Subsequently, the real UL transmission power is determined by the min value between Pcmax and required power. For PUSCH transmission, we have the following formula for calculating transmission power.
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In general, whether the performance is degraded by MPE impact is up to the real transmission. 

· For instance, the required UL power is 15 dBm for PUSCH transmission i, and consequently there is still no impact even the Pcmax is reduced to 16dBm from 23dBm due to MPE. 

Therefore, if beam reporting is only based on MPE rather than both MPE and the virtual/real transmission, the UL beam (with low MPE but large path loss) recommended by reporting may be useless, and more power is wasted for keeping the same performance. On the other hand, beam specific PHR reporting, i.e., difference between Pcmax and the required transmission power, can well present the MPE impact transparently, and a UL beam re-indication can be performed by gNB if a low PHR, e.g., 0-dB or negative, is received for the current beam.

In order to detect the candidate UL beams with low MPE impact, the virtual PHR should be further enhanced to report CRI/SSBRI or UL power control parameter set, which is pre-configured by gNB. 

· Once the impact of MPE, e.g., the value of P-MPR or UL duty cycle, is beyond the threshold, the virtual PHR is triggered to be reported. The UE shall report the PHR with the objective of maximizing PHR value, i.e., minimizing the value of P-MPR and PL, and its associated CRI/SSBRI or UL power control parameter set.

· Note that, if the CRI/SSBRI is reported, the PL value for the virtual PHR calculation is determined according to the CRI/SSBRI.
· In order to feed back the impact of MPE in one CC, its virtual PHR(s) can be reported together with its real PHR.

· UL power control parameter set include a P0, an alpha, a PL RS and a closed loop process.

· At least the virtual PHR for PUSCH should be supported. FFS: the virtual PHR for SRS, which is usually used for CSI acquisition.

Observation 1:  For maximum permissible exposure (MPE), we have the following observation

· UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of CRI/SSBRI (where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission) without considering potential transmission may degrade performance, e.g., throughput and power consumption.

· Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and required transmission power. 
Proposal 9: Enhance PHR reporting to determine beam-specific MPE impact transparently 
· Beam-specific P-MPR is introduced in UL power control framework

·  Support UE to report CRI/SSBRI or UL power control parameter set along with virtual PHR for PUSCH.
· For one CC, multiple virtual PHRs and a real PHR can be included in a PHR reporting together.

· FFS: Enhancement on triggering condition for the enhanced virtual PHR.
· FFS: virtual PHR for SRS.
2.2.4 PDSCH beam activation for a group of CCs
In this sub-section, PDSCH beam activation for a group of CCs is discussed. Taking into account that the discussion on the limited number of CORESETs should be maintained and the PUCCH group update for spatial relation is still on-going, the enhancement on CORESET and PUCCH should be postponed.

UE can support up to 32 CCs in NR CA in Rel-15. RRC configuration of up to 128 TCI states are required per BWP in each CC and a MAC-CE command (17 bytes in the 128 TCI case) shall activate a set of active TCI states for PDSCH per CC/BWP. Therefore, for beam indication/update of multiple CC/BWPs (e.g. 16 CCs and 4 BWPs/CC), the overhead of RRC configuration and MAC-CE commands are huge. However, in general, the same analog beam are used across CC(s) in the same band, i.e., same QCL Type-D assumption, and the huge overhead of RRC configuration and MAC-CE commands is obviously unnecessary. Therefore, in order to reduce signaling overhead, one RRC configured TCI table can be shared among multiple CC/BWPs and one MAC-CE can activate the same set of active TCI states at least for PDSCH transmission in multiple CC/BWPs. 
Considering an example for PDSCH, the QCL indication for PDSCH transmission shall be QCL-Type-A + QCL Type-D.
· The spatial parameter can be applied across different CC/BWP, and so the QCL Type-D assumption in a CC/BWP can be directly determined according to the DL RS of the associated TCI state in the reference CC/BWP. 
· However, source RS for QCL Type-A shall be in the target CC/BWP for PDSCH transmission, considering the demodulation performance. It means that the source RS for QCL Type-A shall be determined from DL RS(s) in the target CC/BWP. In order to support a unified solution for TCI state(s) rather than QCL-Type D only, the source RS for QCL-Type A in a target CC/BWP can be obtained or according to the source RS for QCL-Type A or QCL-Type D indicated in the shared TCI states of reference CC/BWP and some predefined rules on the relation between these source RS, e.g. the RS with the same resource ID (or plus an configurable offset ) in own CC/BWP, or the configurable mapping between QCL-Type A source RS(s) from different CC/BWPs, or the source RS for QCL-Type A of target CC/BWP has to share the same QCL-Type D source as the source RS for QCL-Type A in the reference CC/BWP .  
Proposal 10: Support sharing of the same set of RRC-configured TCI states among multiple CCs/BWPs in a CC group, such that the same subset of TCI states can be activated by one MAC-CE command in a reference CC/BWP is applicable to PDSCH transmission in other CCs/BWPs in the same CC group.

· FFS: The determination of source RS for QCL Type-A in the target CC/BWP according to the source RS for QCL-Type A or QCL-Type D indicated in the shared TCI states of reference CC/BWP.
· Option 1: The relation between the source RSs in the target CC/BWP and reference CC/BWP according to the same resource ID (or plus a configurable offset).
· Option 2: The relation between the source RSs in the target CC/BWP and reference CC/BWP according to the same QCL-Type D assumption
· Note that the source RS for QCL-Type A of target CC/BWP shall share the same QCL-Type D source as the source RS for QCL-Type A in the reference CC/BWP
· Option 3: Configurable one-to-one mapping between QCL-Type A source RSs of reference CC/BWPs and those of the target CC/BWP. 
· FFS: PDCCH or CSI-RS
2.2.5 Default spatial relation for PUCCH and SRS
In Rel-15, spatial relation applied to PUCCH and SRS resources shall be configured independently. But, as discussed in sub-section 2.2.4, gNB may also configure the same reference RS of spatial relation applied to UL channel(s) or signal(s) (it is noted that the feature of beam correspondence is mandatory in FR2). 
Meanwhile, spatial relation info is an optional RRC parameter and there is no UE behavior assumption in the case that UE is not configured spatial relation info in FR2. Reusing the approach of PDSCH default beam, UE can assume that the reference RS in spatial relation applied to UL channel or signal is the same as the QCL-Type D DL-RS in active TCI state applied to a CORESET. Specifically, the CORESET can be the one associated with a monitored search space with the lowest CORESET-ID in the latest slot. As a result, the signaling overhead of beam indication is reduced significantly, and the effective spatial relation info can be updated automatically.
Besides, for multi-TRP, UE may be configured multiple CORESET group. And the DCI on each CORESET group indicates a separate PUCCH or SRS group (e.g. PUCCH group). Therefore, the reference RS in spatial relation info applied to UL channel or signal can be obtained from the lowest-ID CORESET that is included in the CORESET group associated with the PUCCH or SRS transmission. 
Proposal 11: If spatial relation info for PUCCH/SRS is not configured in FR2, UE assumes that the spatial relation of the PUCCH and SRS is determined according to QCL Type-D RS of the CORESET that is associated with a monitored search space with the lowest CORESET-ID in the latest slot.
· FFS: the CORESET should be selected from the CORESET group associated with the PUCCH and SRS, in the multi-TRP case.
3. Beam failure recovery for SCell
Two scenarios of “SCell with both uplink and downlink” and “SCell with downlink only” have been identified and should be supported in this WID. In this section, we discuss these two scenarios separately.

3.1 BFR-SCell with both uplink and downlink

Considering that, in a SCell with both uplink and downlink, there is still available uplink channel for PRACH transmission. The entire procedure of PRACH-based beam failure recovery (i.e., including beam failure detection, new candidate beam identification, beam failure recovery request, and gNB responses) for PCell in Rel-15 can be reused for the SCell straightforwardly. 
Proposal 12:  For a SCell with both uplink and downlink, the whole procedure of beam failure recovery specified in Rel-15 is reused.
3.2 BFR-SCell with downlink only

In RAN1#97, the following agreement on SCell BFR procedure was reached, where the framework of SR-like beam recovery request + MAC-CE based recovery reporting have been agreed. 
	Agreement

On BFRQ procedure for SCell

· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell

· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1

· (Working Assumption) Step 2 is carried by MAC CE 

Above applies at least for SCell with downlink only


In general, the MAC-CE based recovery reporting procedure is triggered if at least one SCell fails. 
· If a UL-SCH, i.e., PUSCH, resource is available, the MAC-CE based recovery reporting is transmitted. The pending SR, if any, corresponding to the MAC-CE based recovery reporting (i.e., prior to the MAC PDU assembly) shall be canceled;
· Otherwise, i.e., if the UL-SCH resource is NOT available, the pending SR for recovery request is generated into the pool of pending SRs. Once there is an occasion for the SR transmission, the pending SR for recovery request shall be transmitted with higher priority compared with the other pending SR(s) for logical channel. Consequently, gNB shall schedule the PUSCH resource to carry the MAC-CE based recovery reporting accordingly.
The procedure is shown in Figure 2. In this following sub-section, the details on SR for recovery request, MAC-CE based recovery reporting, gNB response for recovery and UE behavior after receiving the gNB response are analyzed.

Proposal 13:  For a SCell with downlink only, the MAC-CE based recovery procedure is triggered if at least one SCell fails.

· If UL-SCH resource is available, the MAC-CE based recovery reporting is transmitted.

· The pending SR corresponding to the MAC-CE is cancelled 

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

· Once there is a transmission occasion for SR, the pending SR for recovery request shall be transmitted with higher priority compared with other normal pending SRs for logical channel.
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Figure 2 SR+MAC-CE based SCell recovery procedure
3.2.1 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. 
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 14: 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.

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

3.2.2 MAC-CE based recovery reporting

If at least a SCell fails, the MAC-CE based recovery reporting including the failed CC index(es) and its associated new candidate beams, if any, should be performed. Considering that the multiple CCs failed simultaneously, the MAC-CE format should be designed accordingly
· Option 1: The MAC-CE format only contains a recovery reporting for a single failed CC, which is shown in Figure 3a.
· When multiple CCs fail, the priority rules for the recovery reporting should be specified, e.g., there is a higher priority for the lower failed CC index;
· But, it may improve the probability of the recovery reporting, if only a very small PUSCH resource is scheduled for transmission.

· Option 2: The MAC-CE format can contain recovery reports for multiple failed CC, which is shown in Figure 3b.
· One field for describing the number of failed CC(s) is provided in the MAC-CE format.

· Note that only information related to the failed CC(s) is provided.
· Compared with Option 1, the priority rules for the recovery reporting from different failed CCs are not specified.
Taking into account that the case of a very small PUSCH resource is a corner case, Option2 with low spec complexity is recommended.
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Figure 3 MAC-CE format for recovery reporting: (a) a single CC reporting (b) information for multiple failed CCs
Proposal 16: In SCell BFR, the MAC-CE format can contain recovery reports for multiple failed CC,

· One field for describing the number of failed CC(s) is provided in the MAC-CE format.

· Note that only information related to the failed CC(s) is provided.

Besides, in order to guarantee the sufficient priority, the MAC-CE for recovery reporting should be prioritized over the following UL MAC-CE commands.

· Configured Grant Confirmation MAC CE;

· MAC CE for BSR, with exception of BSR included for padding;

· Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;

· Data from any Logical Channel, except data from UL-CCCH;

· MAC CE for Recommended bit rate query;

· MAC CE for BSR included for padding.

3.2.3 gNB response for recovery

For PCell beam recovery, UE shall monitor the dedicated CORESET for receiving gNB response for recovery according to the DL RS associated with the PRACH, and, after the corresponding DCI is detected successfully, the spatial relation and power control parameters for PUCCH shall be updated. But, for SCell beam recovery, the PCell can be assumed to work well, and the re-configuration/re-activation for the transmission parameters of DL or UL channels of the failed SCell can be achieved through using the PCell. Therefore, the necessity of updating QCL assumption for the CORESET of failed SCell can be further studied, e.g., reducing the latency of SCell reconfiguration.
But, the gNB response event for recovery is still required for finishing or stopping the recovery procedure, including beam failure detection, timer for recovery, the re-transmission procedure of SR for recovery request and MAC-CE based recovery reporting (e.g., the corresponding timer(s) or counter(s)). 
· SR or recovery procedure and MAC-CE based recovery reporting may be always transmitted, if not receiving gNB response for recovery.

· For instance, we have the highlighted behavior for finishing the recovery procedure in Rel-15 MAC procedure for beam failure detection.
	Section 5.17 Beam Failure Detection and Recovery procedure, in TS 38.321  

The MAC entity shall:

1>
if beam failure instance indication has been received from lower layers:

2>
start or restart the beamFailureDetectionTimer;

2>
increment BFI_COUNTER by 1;

2>
if BFI_COUNTER >= beamFailureInstanceMaxCount:

3>
initiate a Random Access procedure (see clause 5.1) on the SpCell.

1>
if the beamFailureDetectionTimer expires; or

1>
if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers:

2>
set BFI_COUNTER to 0.

1>
if the Random Access procedure is successfully completed (see clause 5.1):

2>
set BFI_COUNTER to 0;

2>
stop the beamFailureRecoveryTimer, if configured;

2>
consider the Beam Failure Recovery procedure successfully completed.


The following candidate for gNB response for recovery can be further considered
· Option-1: PDCCH or DCI with RNTI dedicated for recovery is received
· Taking into account the overhead of a dedicated CORESET, the RNTI dedicated for recovery can be introduced, and the PDCCH or DCI can be transmitted in a PCell or a failed SCell. 
· Option-2: A new MAC-CE command is introduced for confirming the MAC-CE based recovery reporting;
· In order to reduce the always-on overhead of reusing PHY approach for gNB response, the new MACE-CE command can be introduced to carry the gNB response information for the SCell recovery.
· Opition-3: Reconfiguration or activation of a TCI associated with CORESET of SCell is received.
· This is the same as PCell recovery behavior of finishing monitoring dedicated CORESET for BFR in Rel-15, and the latency is larger than Option-1 or Option-2, especially for the case that there is no candidate beam found in the SCell.
 Proposal 17: The gNB response for recovery should be introduced for finishing SCell BFR procedure.

· Down-selection among the following options of gNB response.
· Option-1: PDCCH or DCI with RNTI dedicated for recovery is received 

· Option-2: A new MAC-CE command is introduced for confirming the MAC-CE based recovery reporting;

· Opition-3: Reconfiguration or activation of a TCI associated with CORESET of SCell is received.
· FFS: Updating QCL assumption for the CORESET(s) of failed SCell

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.
· 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 2. 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 2 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 4.
· 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 4 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 18: 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.

· The L1-SINR reporting is applied to both non-group and group based reporting.

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 L1-SINR reporting setting, the association between IMR and CMR can be configured in reporting setting.
· Taking into account that the multiple CMR resources with same QCL assumptions may be configured with the respective IMR(s) (which is used to identify low-interference beams from candidate IMR pools under the same Tx beam), the explicit configuration of the association between CMRs (CSI-RS resources) and IMR resources should be supported.

· Besides, the CMR for beam management should be configured with higher layer parameter of “repetition = on/off”. Since UE may also do receive beam sweeping based on different combinations of CMR and IMR, the configuration of “repetition = on/off” for IMR (i.e., whether the same Tx spatial filter for IMR resources within a set is used or not) should be supported for L1-SINR reporting. The details of L1-SINR reporting based on different repetition settings can be further studied. Note that the CMR is used for beam management, and the CMR and the associated IMR(s) can be received simultaneously, i.e., to be QCLed with QCL Type-D.
· Subsequently, in the reporting instance, only CMR index(es) and corresponding SINR is reported, but where the CMR index(es) can imply the associated IMR(s) satisfying the low-interference beam criterion. 
The association between CMR resource and IMR resource(s) are controlled by gNB, and then only CMR index(es) is reported in the L1-SINR reporting instance. But, once the CMR index(es) is reported in a L1-SINR reporting instance, the corresponding IMR resource(s), i.e., low interference beam(s), can be derived by gNB according to the pre-configured association between IMR and CMR.
· Besides, the configuration approach can be achieved by a bitmap or the pre-defined rules. Specifically, some examples for L1-SINR reporting are provided as follows.
· In P-2, 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, one CMR resource is associated with the respective K IMR(s) in order, as shown in the Figure 3 (where K is equal to 2), where the K IMR is to emulate multiple interference beams.
· Note that, considering that the case that multiple CMR, multiple NZP-IMR and only one ZP-IMR has been agreed, the Rel-15 association approach, e.g., one to one mapping, can NOT be reused.
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Figure 3 L1-SINR reporting of CMR indexes, where the association between CSI-RS resource and IMR resource(s) is controlled by gNB.
Proposal 19: The one-to-one, one-to-K and K-to-one associations between CMR(s) and IMR(s) can be supported in the NR CSI framework

· The CMR index in L1-SINR reporting can imply a CMR/IMR combination configured by gNB based on CSI framework
· FFS: the details of L1-SINR reporting based on different repetition configurations, e.g., 

· Condition that only L1-SINR is required to be reported, e.g., the “the configuration of “repetition = on” for both CMR and NZP-IMR, if any.
· The CMR and the associated IMR(s) are QCLed w.r.t. QCL Type-D, i.e., received using the same Rx spatial domain filter.
· FFS: the association approach between CMR(s) and IMR(s), e.g., the explicit configuration for the association (e.g., via a bitmap) or the pre-defined rule, e.g., K CMR resources are associated with the respective one IMR(s) in order in P-2.
4.3 Definition of L1-CSI-SINR and L1-SS-SINR
In RAN1#97, the definition and framework of L1-CSI-SINR and L1-SS-SINR has been discussed, and the following agreements have been reached accordingly.

	Agreement

· When dedicated IMR is not configured, 

· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 

· Spec does not require UE to use SSB for interference measurement

· Note: CSI-RS above is CSI-RS for BM

· 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

· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 

· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR

· FFS: interference measurement is performed using CMR additionally

· Support of L1-SINR is optional

· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities

· Note: CSI-RS above is CSI-RS for BM


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).
Besides, when NZP and/or ZP IMR are configured, 

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

· Note that the signal power of NZP IMR should be further added into the interference and noise power contribution, rather than linear averaged. 

· Using interference and noise power of NZP-IMR as interference and noise power of L1-SINR determination can be further studied, since its experienced interference and noise may NOT be the same as the CMR.

· 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.

Consequently, the following definition of L1-SINR for CSI-RS and SSB is provided with the bold modifications over current TS38.215. 

Proposal 20: The following definition of L1-CSI-SINR and L1-SS-SINR is supported for measurement and reporting of L1-SINR.
	For CSI-SINR

· CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by sum of the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals and the resource elements of interference measurement resources associated with the CSI reference signals, if any, and the linear average of the power contribution (in [W]) of the resource elements carrying non-zero-power interference measurement resources associated with the CSI reference signals, if any, within the same frequency bandwidth.

For SS-SINR

· SS signal-to-noise and interference ratio (SS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronisation signals divided by sum of the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronisation signals and the resource elements of zero-power interference measurement resources associated with the synchronization signals, if any, and the linear average of the power contribution (in [W]) of the resource elements carrying non-zero-power interference measurement resources associated with the synchronization signals, if any,  within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.


5. Conclusion

In this contribution, we provide the following observation and proposals for UL multi-beam operation. 

Proposal 1: Alt.3 is supported for panel-specific transmission for UL transmission, i.e.,
·  A new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH

Proposal 2:  The associated antenna group(s) are reported along with DL RS(s) in the panel-specific beam reporting, where the associated antenna group(s) are assumed to be activated.
· Spatial relation states including reference DL RSs associated with activated antenna groups can be dynamically switched for UL transmission.
· The panel-specific beam reporting can be applied to non-group based and group based approach in Rel-15.

Proposal 3: Study the mechanism of gNB-driven UE panel activation and deactivation for beam or CSI measurement, e.g., wake up antenna groups periodically or aperiodically for measurement to select antenna groups.
Proposal 4: The following working assumption is confirmed with modifications
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH, PRACH 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.

Proposal 5: The following schemes are supported for panel-specific UL transmission.

· Regarding PUCCH transmission, the UE antenna group ID is introduced into the spatialRelationInfo per PUCCH resource.
· Regarding SRS transmission, the UE antenna group ID is introduced into the spatialRelationInfo per SRS resource in a SRS resource set, where the same UE group ID should be configured for any SRS resources in the SRS resource set.
· Regarding PUSCH transmission, no further enhancement on the UE antenna group ID is required.

· Regarding PRACH transmission, the UE antenna group ID is introduced in DCI format 1_0 for random access procedure initiated by a PDCCH order.

· FFS: other cases, e.g., PRACH for BFR.
After that, we provide the following observation and proposals for latency and overhead reduction. 
Proposal 6: 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 7:  Down-selection among the following options of grouping PUCCH resources for updating the single 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 8:  When the spatial relation of AP-SRS/SP-SRS is activated by MAC-CE, UL power control parameters for the AP-SRS/SP-SRS can be activated via the MAC-CE.

· When the AP-SRS/SP-SRS is used for CB/NCB, UL power control parameters for PUSCH can also be activated via the MAC-CE.
· The maximum number of the configurable PL RSs is increased to 16. 
· Note that the UL power control parameters include P0, alpha, PL RS and a closed loop process. 

· FFS: Usage and benefit that the downlink RS for PL follows the downlink RS in spatial relation.
Observation 1:  For maximum permissible exposure (MPE), we have the following observation

· UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of CRI/SSBRI (where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission) without considering potential transmission may degrade performance, e.g., throughput and power consumption.

· Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and required transmission power. 
Proposal 9: Enhance PHR reporting to determine beam-specific MPE impact transparently 
· Beam-specific P-MPR is introduced in UL power control framework

·  Support UE to report CRI/SSBRI or UL power control parameter set along with virtual PHR for PUSCH.

· For one CC, multiple virtual PHRs and a real PHR can be included in a PHR reporting together.

· FFS: Enhancement on triggering condition for the enhanced virtual PHR.
· FFS: virtual PHR for SRS.
Proposal 10: Support sharing of the same set of RRC-configured TCI states among multiple CCs/BWPs in a CC group, such that the same subset of TCI states can be activated by one MAC-CE command in a reference CC/BWP is applicable to PDSCH transmission in other CCs/BWPs in the same CC group.

· FFS: The determination of source RS for QCL Type-A in the target CC/BWP according to the source RS for QCL-Type A or QCL-Type D indicated in the shared TCI states of reference CC/BWP.
· Option 1: The relation between the source RSs in the target CC/BWP and reference CC/BWP according to the same resource ID (or plus a configurable offset).

· Option 2: The relation between the source RSs in the target CC/BWP and reference CC/BWP according to the same QCL-Type D assumption

· Note that the source RS for QCL-Type A of target CC/BWP shall share the same QCL-Type D source as the source RS for QCL-Type A in the reference CC/BWP
· Option 3: Configurable one-to-one mapping between QCL-Type A source RSs of reference CC/BWPs and those of the target CC/BWP. 
· FFS: PDCCH or CSI-RS
Proposal 11: If spatial relation info for PUCCH/SRS is not configured in FR2, UE assumes that the spatial relation of the PUCCH and SRS is determined according to QCL Type-D RS of the CORESET that is associated with a monitored search space with the lowest CORESET-ID in the latest slot.
· FFS: the CORESET should be selected from the CORESET group associated with the PUCCH and SRS, in the multi-TRP case.
Then, we provide the following proposals for beam failure recovery for SCell. 
Proposal 12:  For a SCell with both uplink and downlink, the whole procedure of beam failure recovery specified in Rel-15 is reused.

Proposal 13:  For a SCell with downlink only, the MAC-CE based recovery procedure is triggered if at least one SCell fails.

· If UL-SCH resource is available, the MAC-CE based recovery reporting is transmitted.

· The pending SR corresponding to the MAC-CE is cancelled 

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

· Once there is a transmission occasion for SR, the pending SR for recovery request shall be transmitted with higher priority compared with other normal pending SRs for logical channel.
Proposal 14: 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 15: If PUCCH carrying the SR for recovery request is collided with the aperiodic SRS, the PUCCH is prioritized for transmission.

Proposal 16: In SCell BFR, the MAC-CE format can contain recovery reports for multiple failed CC,

· One field for describing the number of failed CC(s) is provided in the MAC-CE format.

· Note that only information related to the failed CC(s) is provided.

Proposal 17: The gNB response for recovery should be introduced for finishing SCell BFR procedure.

· Down-selection among the following options of gNB response.
· Option-1: PDCCH or DCI with RNTI dedicated for recovery is received 

· Option-2: A new MAC-CE command is introduced for confirming the MAC-CE based recovery reporting;

· Opition-3: Reconfiguration or activation of a TCI associated with CORESET of SCell is received.
· FFS: Updating QCL assumption for the CORESET(s) of failed SCell

Finally, we provide the following proposals for measurement and reporting of L1-SINR.
Proposal 18: 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.

· The L1-SINR reporting is applied to both non-group and group based reporting.

Proposal 19: The one-to-one, one-to-K and K-to-one associations between CMR(s) and IMR(s) can be supported in the NR CSI framework

· The CMR index in L1-SINR reporting can imply a CMR/IMR combination configured by gNB based on CSI framework
· FFS: the details of L1-SINR reporting based on different repetition configurations, e.g., 

· Condition that only L1-SINR is required to be reported, e.g., the “the configuration of “repetition = on” for both CMR and NZP-IMR, if any.
· The CMR and the associated IMR(s) are QCLed w.r.t. QCL Type-D, i.e., received using the same Rx spatial domain filter.
· FFS: the association approach between CMR(s) and IMR(s), e.g., the explicit configuration for the association (e.g., via a bitmap) or the pre-defined rule, e.g., K CMR resources are associated with the respective one IMR(s) in order in P-2.

Proposal 20: The following definition of L1-CSI-SINR and L1-SS-SINR is supported for measurement and reporting of L1-SINR.
	For CSI-SINR

· CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by sum of the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals and the resource elements of interference measurement resources associated with the CSI reference signals, if any, and the linear average of the power contribution (in [W]) of the resource elements carrying non-zero-power interference measurement resources associated with the CSI reference signals, if any, within the same frequency bandwidth.

For SS-SINR

· SS signal-to-noise and interference ratio (SS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronisation signals divided by sum of the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronisation signals and the resource elements of zero-power interference measurement resources associated with the synchronization signals, if any, and the linear average of the power contribution (in [W]) of the resource elements carrying non-zero-power interference measurement resources associated with the synchronization signals, if any,  within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.
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