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1. Introductions
In RAN1 #96bis & #97 meetings, FR2 multi-beam related issues were discussed, e.g. RRC signaling overhead and latency reduction, UL panel specific transmission, SCell BFR and L1-SINR [1, 2]. In this paper, we further share our views on these issues for MIMO enhancements in Rel-16. 
2. Higher layer signalling overhead and latency reduction
	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



In the agreements of RAN1 #97 meeting, the configuration options for PUCCH resource group are discussed for simultaneous update/indication of a single spatial relation per group of PUCCH resources by using one MAC CE. At least for single TRP case each PUCCH resource group can correspond to different active spatial relation, where PUCCH resources in a group have similar spatial propagation characteristics. When the spatial relation needs to be updated, the gNB can use a MAC CE to indicate a new spatial relation of the PUCCH resource group, where MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 can be reused, e.g. the reserved bit is used to indicate the spatial relation for PUCCH resource or for PUCCH resource group. To reduce RRC signalling overhead and latency, a bitmap can be used to indicate multiple PUCCH resources in a BWP and their single spatial relation in the MAC CE which may include 128 bits for all PUCCH resources in a BWP and does not affect RRC spec.
Proposal 1: 

· Reuse MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 to indicate the spatial relation of PUCCH resource group.

· A bitmap in the MAC CE is used to indicate multiple PUCCH resources and their spatial relation.
Furthermore for the signalling overhead reduction, the PUCCH spatial relations configured/updated by RRC/MAC CE can also be shared by multiple BWPs or multiple CCs. The source RS of PUCCH-SpatialRelationInfo can be configured as SSB, CSI-RS or SRS. The RS resource with the same ID (e.g. CSI-RS) can already be associated with different BWPs in Rel-15. Such behaviour could be further extended for PUCCH spatial relation configuration. 
Proposal 2: 
· The PUCCH spatial relation configured in a BWP can be shared across different BWPs/cells.
	Agreement

The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.
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 NR Rel-15, uplink beam indication mechanisms can be reused as power control parameters indication. For PUSCH, the actual tranmission beam/power control parameter is indicated by SRI, and the linkage of them are preconfigured by RRC. For PUCCH, the actual tranmission beam/power control parameter is indicated by MAC CE, and the linkage of them are preconfigured by RRC. For SRS, as SRS is trigger by set level, the tranmission beam/power control parameter are set level preconfigured by RRC.
Generally, to perform accurate and effective power control, beam indication related DL RS and pathloss reference RS are aligned. However, they can be independently configured in NR Rel-15. That means when uplink and DL beam pair association was changed, power control parameters may also need to be reconfigured. For the case of PUCCH beam switching, it is more easier to update pathloss reference RS and other power control parameters, since PUCCH power control parameters are configured within spatial relation information. But for the cases of PUSCH and SRS beam switching, it is more difficult as spatial relation information and power control parameters are separatly configured, the overhead of signaling and reconfiguration lantency cannot be ignored. 
To minimize specification impact, for PUSCH, one compelling solution is to reuse DL RS in spatial relation information as pathloss reference RS directly, which can reduce signaling overhead and latency. For SRS, due to the limitation of a common transmission power should be guranteed within a SRS reasource set, and the spatial relation information of multiple SRS reasources within a SRS reasource set may be updated once, only one DL RS in spatial relation information in the SRS reasources can be chosen. The DL RS can be associated to the first or the last updated SRS reasource. It should be noted that one previous pathloss reference RS might be dropped in above cases, since it was agreed in NR Rel-15 that maximum 4 pathloss reference RS are maintained per cell by the UE. Besides pathloss reference RS, updating other power control parameters are unnecessary.
Proposal 3:
· When the spatial relation information of AP-SRS for CB/NCB UL transmission is activated by MAC-CE, if DL RS is included in the spatial relation information, PL reference RS of PUSCH will follow the DL RS in the spatial relation information of the SRS(s) corresponding to the SRI.

· When the spatial relation information of AP-SRS(s) for CB/NCB/BM is activated by MAC-CE, if DL RS(s) is included in the spatial relation information, PL reference RS of SRS will follow one of the DL RS(s) in the spatial relation information.

· It is not supported to update the remaining power control parameters other than PL reference RS. 
	For further discussion

· Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2
For further discussion

· Study beam indication/activation for a group of CCs


Another way to save the overhead of PUCCH spatial relation info is to reuse the RS in the candidate TCI state pool configured for DL. Moreover, above spatial relation sharing across different BWPs/cells could also be applied for DL, i.e. TCI state pool sharing across different BWPs/cells. So there is no need to configure TCI state/spatial relation info per channel/RS.

Proposal 4: 
· The DL RS configured in the TCI state pool could be used as the spatial relation info for PUCCH.

· The TCI state configured in a BWP can be shared across different BWPs/cells.
Single beam operation might be the most common operation mode. To save the RRC configuration signalling overhead in this mode, e.g. the spatial relation info of PUCCH/SRS is not configured in FR2, default beams could be defined. CORESET#0 specified in Rel-15 could be used for both broadcast and unicast reception. Its QCL assumption could be used as the default.
Proposal 5:

· CORESET#0 QCL assumption can be used as default QCL for other DL/UL channels/RSs beam indication to reduce the RRC configuration overhead.

3. UL panel specific transmission
	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.


In the agreements in RAN1 #97 meeting, for MPUE-Assumption 3 the gNB can configure/indicate panel-specific transmission for UL transmission. There are several possible solutions for gNB to know the channel quality of different UE panels. In DL beam management procedure, the UE measures SSB/CSI-RS resources according to gNB configuration and reports the best SSBRIs/CRIs with L1-RSRP. For MPUE-Assumption 3, the measurement results of same RS by using each UE panels may be different. So the panel ID information should be known by the gNB to indicate panel-specific transmission. The scheme of beam reporting enhancement is a more direct and simple explicit solution. In enhanced beam report, the SSBRI/CRI, L1-RSRP values and corresponding panel ID information are included. 

From the point of view of panel alignment between gNB and UE, the beam reporting enhancement also can be used for UE power saving. The propagation paths between gNB and UE panels are different which results in the different performance per UE panel. If there are panels which correspond to the poor channel condition, long term activation of such panels will increase UE power consumption. To save power consumption, UE panel activation/deactivation scheme can be introduced. For the UE-centric scheme of panel activation/deactivation, the UE can change the number of panels and inform gNB of the status of own panels to assist the gNB and UE’s alignment of panel status by using enhanced beam reporting. For example, the UE can report only one panel ID associated with DL RSs for BM and imply that this panel is activated and another panel is deactivated. If UE reports more than one panel IDs, the UE panels on which the gNB can configure/indicated UL transmission are activated. If a panel is deactivated, the panel cannot be used for corresponding transmission/reception except for beam management for UE power saving. 
For DL measurement, the UE measures L1-RSRP of SSB or CSI-RS resource through different panels and selects best SSBRIs/CRIs. In beam reporting, UE reports the selected SSBRIs/CRIs, L1-RSRP values and the corresponding UE panel IDs for these SSBRIs/CRIs. The panel which is not included in beam report cannot be used to transmission or reception. Based on beam report, gNB indicates UE to measure CSI only for activated panel and schedules data transmission on the activated panel for power saving. For UL measurement of the UE without beam correspondence, maybe only local sweeping of SRS resource is adopted on the activated panels based on beam report. 
In Rel-15 L1-RSRP report can be based on non-group or group report. For non-group based beam reporting the UE reports N best SSBRIs/CRIs + L1-RSRP values + UE panel IDs. Then gNB activates a TCI state/spatial relation by MAC CE for control channel or indicates by DCI for data channel. For group based beam reporting, different SSBRIs/CRIs reported by UE can associate with the same panel or different panels. Then gNB can simultaneously transmit multiple beams pointing to one or multiple panels. In the case of one SSBRI/CRI associated with multiple panels in beam reporting, if gNB indicates this SSBRI/CRI as source RS in TCI state/spatial relation, the UE can receive DL channel or transmit UL channel by autonomously selecting and switching panel. For the UE-centric scheme, some issues can be considered in Rel-16, e.g. introduce new RRC parameter (e.g. cri-RSRP-panelID/ssb-RSRP-panelID) to indicate the enhanced non-group based/group based L1-RSRP report, or MAC CE indicates new L1-RSRP report based on existing RRC parameter (e.g. reportQuantity).
For DL channel, gNB activates a TCI state by MAC CE for PDCCH reception or indicates a TCI state by DCI for PDSCH reception, where the source RS associated with a UE panel having higher reception performance is included in TCI state based on beam reporting. For this implicit panel indication for DL reception, there is not spec impact. 
For UL channel, explicit indication of panel ID is not required for all channels. For PUCCH/PUSCH transmission, a SRI or DL RS index associated with a ‘better’ UE panel is activated by MAC CE of indicated by DCI as spatial relation. For codebook based or non-codebook based PUSCH transmission, SRI is used as spatial relation information. The SRS resource can be used to implicitly indicate the UE panel ID, e.g. the SRS resource set ID corresponding to the SRI indicates a panel ID. So the panel ID does not need to be used for panel-selection-based transmission of PUSCH. For PUCCH transmission, SSBRI/CRI/SRI can be used as source signal of spatial relation. It is similar to PUSCH spatial relation where SRI can implicitly indicate panel ID. For the case of DL RS as source signal, the spatial relation of PUCCH can be determined based on L1-RSRP report including UE panel ID. In RACH and BFR procedure, the UE transmits PRACH by a panel which is selected based on the SSB measurement. For PDCCH ordered PRACH, just the activated panel is used to transmit PRACH and another panel is deactivated, because for MPUE-Assumption 3 only one panel is activated for UL transmission and all panels are activated for beam management for power saving.
Observation 1:
· With source RS explicitly associated with UE panel in beam report: 
· Panel activation status alignment between gNB and UE for power saving can be achieved.

· Panel ID is not necessary to be explicitly indicated for PDCCH and PDSCH transmission.
· Panel ID is not necessary to be explicitly indicated for PUSCH and PRACH transmission.
Proposal 6:

· UE panel ID information can be introduced in beam reporting to assist gNB to indicate panel-specific transmission. 
From the perspective of UL coverage enhancement for FR2, based on beam reporting or UL measurement the gNB can indicate multiple SRIs for UL transmission, e.g. expand SRI field size in DCI, where each SRI corresponds to a panel. For MPUE-Assumption 3, only one SRI is used for UL transmission. If there is deep fading of blockage for the panel corresponding to the indicated SRI, the UE can dynamically switch panel for UL transmission according to the channel propagation environment and does not need to notify gNB.
Proposal 7:
· The gNB can indicate multiple SRIs for UL transmission, where UE can autonomously select one of the SRIs for improve coverage.
In Rel-15, for RRC connected state, UL beam management is based on SRS. Different SRS resource sets can be transmitted simultaneously, while different SRS resources within a SRS resource set only can be transmitted in TDM manner. Typically, different SRS resource sets are associated with different UE panels. Consequently, SRS resource set selection can be applied for panel-specific beam selection. An SRS resource set ID is used as the UE panel ID at least for indicating panel-specific UL transmission to reduce the impact on Rel-16 spec. Based on the above discussion the SRS resource set ID corresponding to panel ID can be included in beam report.

If there is not beam correspondence at UE, SRS resource set for beam management is configured for UL beam training. Based on UL beam measurement, gNB can indicate the UE panel by the association of SRI with SRS resource set. Even when there is beam correspondence at UE, some dummy SRS resource set for beam management could also be configured for UE panel indication but not actually transmitted for MPUE-Assumption 3. 

Proposal 8:

· SRS resource set ID can be used as the UE panel ID at least for indicating panel-specific UL transmission.
Proposal 9:
· Dummy SRS resource set can be configured for UE panel indication for MPUE-Assumption 3.
4. MPE
	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 the agreements in RAN1 #97 meeting, some options for beam management enhancements of MPE ((Maximum Power Emission) issue are provided, which has been discussed in RAN4, e.g. power back-off and max duty cycle, to satisfy the emission safety to human. But from the perspective of UE implementation, it is very difficult for the UE to know which beam is pointing on human accurately and timely, e.g. to sense the human body and the distance between them.  
In RAN1, the existing SRS configuration and measurement can solve the emission problem. For example, the SRS resources are configured per UE panel for UL measurement, i.e. different SRS resources are associated with different UE panel. When UE senses that a panel is close to the human body, the power back-off is used to transmit the associated SRS resource. Here the spatial relation of the transmitted SRS resource can also be determined based on the enhanced beam reporting including panel ID information. The quality of UL beam pair links on different UE panels is known at gNB through measuring SRS resources.

In contribution [3], we provide some analysis and some initial evaluation results for P-MPR aware scheduling. The common safety guidelines would come from ICNIRP, FCC and the possible future IEEE RF EMF exposure limits. From the value of maximum EIRP of different companies and the max safe EIRP, it is seen that the UL transmit power needs to be slightly reduced by at most 0.55dB, to meet the requirements of ICNIRP and IEEE. Then we have the following observation.

Observation 2:
· At least for cases with UplinkDutyCycle smaller than or equal to 50%, P-MPR aware multi-panel scheduling is not needed to satisfy the requirements of ICNIRP and the possible future IEEE RF EMF exposure limits for the general public.
To meet the requirements of FCC, we turn to analyze the probability of UE panel switching, which is caused by P-MPR. Other details could be found in [3]. For bandwidth of 80MHz and the switching threshold of 3dB, Figure 1&2 show the UE panel switching probability for indoor scenario and UMi scenario, respectively. For UMi scenario, it is expected that the probability of UL transmission using FR2 would be small considering the wide coverage area compared to indoor hotspot scenario, and then DL:UL = 3:1 would be suitable for the evaluation. Then for UMi scenario with DL: UL = 3:1, bandwidth of 80MHz and switching threshold = 3dB, less than 14.5% of the UEs need to switch the panel. There are some factors that are not considered in the simulation but will reduce the UE panel switching probability. For example, besides P-MPR, other types of MPR would reduce peak EIRP. Also only part of terminals will be very close to human body in practical, but it is assumed that all the terminals are very close to human body in the simulation. It means that the UE panel switching probability will be much lower than the simulation results. 
[image: image1.png]Indoor, bandwidth = 80MHz, switching threshold = 3dB

iy

3%

2%

2%

1

0 [ | [ | [ | [ | [ | [ | [ |

24.05dBm 2525dBm 249dBm 26.15dBm 26.55dBm 26.24dBM 25.24dBm
Peak EIRP

B

UE panel switching probabil
°

®DL:UL

:1 ®WDL:UL=3:2 m=mDL:UL=3:1




Figure 1 The UE panel switching probability for indoor hotspot scenario with bandwidth = 80MHz and switching threshold = 3dB.
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Figure 2 The UE panel switching probability for UMi scenario with bandwidth = 80MHz and switching threshold = 3dB.
Observation 3:
· For typical setting as DL:UL = 3:1, bandwidth of 80MHz and switching threshold = 3dB:
· For indoor hotspot scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 0.3%.

· For UMi scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 14.5%. 
Proposal 10:

· Support Alt4, no enhancements considering MPE issues in Rel-16 RAN1 specifications. 
5. Enhancements on SCell beam failure recovery
	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

Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. The draft LS in R1-1907850 is modified and endorsed in R1-1907870.




According to the agreements of RAN1 #97 meeting, for BFRQ transmission the step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell, which is at least for the case of SCell with downlink only. If dedicated SR-like PUCCH resource collides with other UL resource, the priority of different UL information should be considered to multiplex or drop these information at UE. There are many collision cases, e.g. the UL information can be the other UCI intra PUCCH cell group or inter cell group for power limit etc.  Similar to the scheme in Rel-15 for existing SR transmission, the UE can multiplex HARQ-ACK information, SR and CSI report according to the priority based on the channel payload and cell type, where the HARQ-ACK information and SR for the same cell type can have the similar priority. For the case of collision inter cell group, the power reduction of UL channel with lower priority is considered for power sharing. 
Proposal 11:
· For purpose of multiplexing and dropping, the information reported in dedicated SR-like PUCCH resource is handled in the same way as existing SR. 
· If information reported in dedicated SR-like PUCCH resource collides with other UCI, the UE can multiplex different UCI types according to the rules defined in Rel-15, except for the case that a UE would transmit information in a dedicated SR-like PUCCH resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, for which the UE transmits only the dedicated SR-like PUCCH resource.

In agreements step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell. But in current RAN2 spec, the UL resource for SR transmission can be configured in any serving cell. In other words, if beam failure is declared on a SCell, the information reported in dedicated SR-like PUCCH resource can be transmitted on PCell, PSCell or any SCell with downlink and uplink. 

Proposal 12:
· Step 1 can be carried by a dedicated SR-like PUCCH resource for BFR over any serving cell including PCell, PSCell or SCell with downlink and uplink.
The working assumption in RAN1 #97 meeting can be confirmed, i.e. step 2 is carried by MAC CE. For the case of SCell with downlink only, MAC CE in PCell/PSCell is applied to support link failure recovery in SCell to reduce overhead and increase the possibility of successful recovery. The MAC CE based BFRQ can convey the failed CC index(es), new beam information (if present) and beam failure event in one instance. 
Proposal 13:
· Confirm working assumption: Step 2 is carried by MAC CE.
The issue is also considered that whether or not MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1. According to the two step scheme, when the beam failure event in a SCell is declared, the UE needs to send dedicated SR-like PUCCH resource and wait for PUSCH scheduled by DCI for BFRQ transmission. For the latency reduction of BFRQ transmission, once the BFRQ MAC CE is triggered by beam failure event in a SCell, the next available UL resource for new transmission of the PCell/PSCell can be used for BFRQ MAC CE, where the UL resource can be the PUSCH with configured grant, PUSCH with dynamic grant or PUSCH in 2-step RACH. When the beam failure event in a SCell is declared at UE, the BFRQ MAC CE is triggered, but there is no available UL resource for BFRQ transmission, the UE should transmit a dedicated SR-like PUCCH resource. Here the UL resource can be triggered by existing SR with new triggering condition. Moreover, currently Rel-16 is specifying 2-step RACH procedures. PUSCH resources are pre-configured to the UE for 2-step RACH. Once there is beam failure event, we envision the possibility of UE transmitting the SCell BFRQ information to the network using the resources configured for 2-step RACH.  Rel-15 already supports contention based BFR procedures. Contention based 2-step RACH procedures specified in Rel-16 could also be triggered for such purposes. 
Proposal 14:
· MAC CE for BFRQ can be multiplexed in a PUSCH not triggered by step 1, which at least include
· PUSCH with configured grant

· PUSCH with dynamic grant

· PUSCH in 2-step RACH
Proposal 15:
· Condition for skipping step 1 at least includes that when the MAC CE is generated there is available UL resource for new transmission that can accommodate the SCell BFR MAC CE.
When the UL grant of the PCell/PSCell of same cell group is used for BFRQ MAC CE, the priority of different UL information needs to be considered. In order to quickly complete SCell BFR process and recovery data transmission, the BFRQ should have a higher priority than other UL information. The priority of UL information also depends on the SCell ID or SCell type. For selection of UL grant for BFRQ transmission, the following factors can be considered: the grant for PCell/PSCell or for SCell, the grant for beam failed SCell or for normal SCell, payload size, robustness, latency etc. These SCell BFR issues need to further discussion in RAN2. 
In agreements in RAN1 #97 meeting, when SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured. But there is an issue for the number of RS for new beam identification for SCell. The configuration of maximum number of RS for new beam identification in Rel-15 can be reused for every SCell.

Proposal 16:
· Reuse the maximum number of RS for new beam identification in Rel-15 for every SCell.
According to Rel-15 spec, after the BFRQ is transmitted to gNB, the UE monitors PDCCH in CORESET-BFR for detection of a DCI format with CRC scrambled by C-RNTI within a configured window. In Rel-16, if BFRQ for SCell is transmitted and a new beam is identified, the gNB can schedule UE to recovery transmission based on the identified new beam. Otherwise, if no new beam is above or equal to threshold, the gNB can release this failed SCell or regularly re-schedule UE to perform beam management and data transmission. So the CORESET-BFR may not be configured for BFR on SCell to reduce resource overhead.

Proposal 17:
· CORESET-BFR is not necessary for BFR on SCell.
6. Beam report with L1-SINR 
	Agreement

At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}

· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework

· FFS: details on information on CMR/IMR association

· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance

· Companies are encouraged to provide evaluation results
Agreement

· 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




In RAN1 #97 meeting, for L1-SINR, NW can configure ZP-IMR only or NZP-IMR only for interference measurement. The working assumption is whether or not ZP-IMR and NZP-IMR are configured for interference measurement. Typically, two kinds of interferences should be considered: inter-cell interference and inter-beam interference within the cell. For multi-user scheduling, the RS resources need to be configured to measure inter-beam interference. The gNB can configure both IMRs for different interference measurement, e.g. NZP-IMR is used for inter-beam interference measurement, and ZP-IMR is used for inter-cell interference measurement where the maximum number of ZP-IMR is 1. Although it is sufficient to configure only one IMR type for interference measurement, but the working assumption is fine for the configuration flexibility.

Proposal 18:
· Confirm working assumption:

· ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
For CSI framework in Rel-15, a UE is configured by higher layers with N≥1 CSI-ReportConfig reporting settings, M≥1 CSI-ResourceConfig resource settings and one or two list(s) of trigger states. Each Reporting Setting CSI-ReportConfig is associated with a single downlink BWP (indicated by higher layer parameter BWP-Id) given in the associated CSI-ResourceConfig for channel measurement. Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSI-RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-IM resource set(s). If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
For L1-SINR, the CSI framework configuration in Rel-15 should be enhanced.  In agreements of RAN1 #96bis meeting, at least the gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values in a beam reporting instance. Similar L1-RSRP measurement, if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘L1-SINR’, the UE shall report in a single report N different SSBRI or CRI and corresponding L1-SINR for each report setting. 
CSI report settings for the different measurement metrics of beam management, i.e. L1-RSRP and/or L1-SINR, can be configured separately. A compact reporting from a UE is to configure any measurement metric or their combination in a single CSI report setting which easily reflects the relationship between the reported measurement metrics. For the only one CSI report setting or multiple CSI report settings for different measurement metric, the gNB can indicate flexibly the beam reporting content. 

Proposal 19:
· Reuse Rel-15 CSI framework to support L1-SINR measurement, e.g. higher layer parameter reportQuantity set to ‘L1-SINR’.
· Support flexible configuration of the CSI report setting and indication of the beam reporting content.
For CMR and IMR configuration, the Rel-15 CSI framework also can be reused, e.g. CMR setting for channel measurement and associated IMR setting for interference measurement can be configured by gNB. In order to support various L1-SINR measurement cases, the association between CMR and IMR can be configured flexibly, e.g. 1-to-1, 1-to-N, N-to-1, N-to-M, where the association at least depends on the IMR type.
If ZP-IMR only is configured for interference measurement, 
· 1-to-1: Each CMR is associated with one IMR by the predefined order to measure L1-SINR of the corresponding beam. The typical use case is that the gNB simultaneously schedules different UEs based on the L1-SINR measurement of multiple beams. For such case, UE1 is configured with CMR1 and IMR1, UE2 is configured with CMR2 and IMR2, where CMR is associated with IMR for each UE. Each UE measures inter-beam interference from the other UE separately and reports L1-SINR value to the gNB.
· N-to-1: One IMR is associated with multiple CMRs. The case of inter-beam measurement would be for the gNB to schedule UE1 with newly arrived traffic on the resources where UE2 is currently being scheduled with ongoing traffic. For such case, N CMRs and associated one IMR are configured to measure L1-SINR of N different candidate beams for beam selection for UE2.

If NZP-IMR only is configured for interference measurement,

· 1-to-N: Each CMR is associated with multiple IMR, where the CMR is used for channel measurement of corresponding beam, and the associated multiple IMR are used for interference measurement from the other N beams. For example, the gNB schedules UEs by using N beams and new traffic of other UE is arrived. The gNB needs to know whether scheduling UEs would create interference for the new UE. Such measurement could be done by configured IMRs for the new UE on multiple NZP-IMRs used for the interference measurement from scheduling UEs.

· N-to-M: N CMRs are associated with M IMRs. The typical use case is that the gNB schedules UEs by using M beams and new traffic of other UE is arrived. There are N different candidate beams for L1-SINR measurement of the new UE for beam selection. The gNB needs to know whether scheduling UEs would create interference for the new UE and which beam is best for new traffic of the new UE. Such measurement could be done by configured IMRs for the new UE on multiple NZP-IMRs used for the interference measurement from scheduling UEs, and by configured CMRs for the new UE on multiple CMRs used for the channel measurement of the N candidate beams.
If ZP-IMR and NZP-IMR are configured for interference measurement,
· Based on the discussion above, the association of CMR and NZP-IMR can be configured flexibly for different use case, and the maximum number of ZP-IMR is 1. Here ZP-IMR is used for inter-cell interference measurement, and NZP-IMRs are used for interference measurement.
Proposal 20:
· The association between CMR and IMR can be configured flexibly.

· E.g. 1-to-1, 1-to-N, N-to-1, N-to-M.
· The association depends on the IMR type.
7. Conclusion

In this contribution, we have the following observations and proposals for multi-beam transmission schemes.
Observation 1:
· With source RS explicitly associated with UE panel in beam report: 
· Panel activation status alignment between gNB and UE for power saving can be achieved.

· Panel ID is not necessary to be explicitly indicated for PDCCH and PDSCH transmission.
· Panel ID is not necessary to be explicitly indicated for PUSCH and PRACH transmission.
Observation 2:
· At least for cases with UplinkDutyCycle smaller than or equal to 50%, P-MPR aware multi-panel scheduling is not needed to satisfy the requirements of ICNIRP and the possible future IEEE RF EMF exposure limits for the general public.
Observation 3:
· For typical setting as DL:UL = 3:1, bandwidth of 80MHz and switching threshold = 3dB:

· For indoor hotspot scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 0.3%.

· For UMi scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 14.5%. 
Proposal 1: 

· Reuse MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 to indicate the spatial relation of PUCCH resource group.

· A bitmap in the MAC CE is used to indicate multiple PUCCH resources and their spatial relation.
Proposal 2: 
· The PUCCH spatial relation configured in a BWP can be shared across different BWPs/cells.
Proposal 3:
· When the spatial relation information of AP-SRS for CB/NCB UL transmission is activated by MAC-CE, if DL RS is included in the spatial relation information, PL reference RS of PUSCH will follow the DL RS in the spatial relation information of the SRS(s) corresponding to the SRI.

· When the spatial relation information of AP-SRS(s) for CB/NCB/BM is activated by MAC-CE, if DL RS(s) is included in the spatial relation information, PL reference RS of SRS will follow one of the DL RS(s) in the spatial relation information.

· It is not supported to update the remaining power control parameters other than PL reference RS. 
Proposal 4: 
· The DL RS configured in the TCI state pool could be used as the spatial relation info for PUCCH.

· The TCI state configured in a BWP can be shared across different BWPs/cells.
Proposal 5:

· CORESET#0 QCL assumption can be used as default QCL for other DL/UL channels/RSs beam indication to reduce the RRC configuration overhead.

Proposal 6:

· UE panel ID information can be introduced in beam reporting to assist gNB to indicate panel-specific transmission. 
Proposal 7:
· The gNB can indicate multiple SRIs for UL transmission, where UE can autonomously select one of the SRIs for improve coverage.
Proposal 8:

· SRS resource set ID can be used as the UE panel ID at least for indicating panel-specific UL transmission.
Proposal 9:
· Dummy SRS resource set can be configured for UE panel indication for MPUE-Assumption 3.
Proposal 10:

· Support Alt4, no enhancements considering MPE issues in Rel-16 RAN1 specifications. 

Proposal 11:
· For purpose of multiplexing and dropping, the information reported in dedicated SR-like PUCCH resource is handled in the same way as existing SR. 

· If information reported in dedicated SR-like PUCCH resource collides with other UCI, the UE can multiplex different UCI types according to the rules defined in Rel-15, except for the case that a UE would transmit information in a dedicated SR-like PUCCH resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, for which the UE transmits only the dedicated SR-like PUCCH resource.

Proposal 12:
· Step 1 can be carried by a dedicated SR-like PUCCH resource for BFR over any serving cell including PCell, PSCell or SCell with downlink and uplink.
Proposal 13:
· Confirm working assumption: Step 2 is carried by MAC CE.
Proposal 14:
· MAC CE for BFRQ can be multiplexed in a PUSCH not triggered by step 1, which at least include
· PUSCH with configured grant

· PUSCH with dynamic grant

· PUSCH in 2-step RACH

Proposal 15:
· Condition for skipping step 1 at least includes that when the MAC CE is generated there is available UL resource for new transmission that can accommodate the SCell BFR MAC CE.
Proposal 16:
· Reuse the maximum number of RS for new beam identification in Rel-15 for every SCell.
Proposal 17:
· CORESET-BFR is not necessary for BFR on SCell.

Proposal 18:
· Confirm working assumption:

· ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
Proposal 19:
· Reuse Rel-15 CSI framework to support L1-SINR measurement, e.g. higher layer parameter reportQuantity set to ‘L1-SINR’.
· Support flexible configuration of the CSI report setting and indication of the beam reporting content.
Proposal 20:
· The association between CMR and IMR can be configured flexibly.

· E.g. 1-to-1, 1-to-N, N-to-1, N-to-M.

· The association depends on the IMR type.
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