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1. Introduction
The Rel.16 MIMO WI has the following scope [1].
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
This contribution summarizes our views in these areas. 
2. Multi-panel enhancements that facilities panel-specific beam selection

The following conclusions were reached in the last meeting. 
	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 alternative 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.
(For example) Alt.2 UL-TCI states

Valid UL-TCI state Configuration
Source (reference) RS

(target) UL RS 

[qcl-Type ]

1

SRS resource (for BM) + [panel ID]

DM-RS for PUCCH
or SRS or PRACH
Spatial-relation
2

DL RS(a CSI-RS resource or a SSB) + [panel ID]
DM-RS for PUCCH
or SRS or PRACH

Spatial-relation

3

DL RS(a CSI-RS resource or a SSB) + [panel ID]
DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

4

DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]

DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

5

SRS resource + [panel ID]

DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

6

UL RS(a SRS for BM) 
and SRS resource + [panel ID]

DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

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 specification support.

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


2.1. Panel indication
A long-standing 3GPP principle has been that physical hardware (e.g. antenna configurations) is specification-transparent. For instance the physical antenna transmitting a DL signal is always transparent to the UE. gNB may choose not to use all physical antennas, or use different physical antenna for different signals in a CoMP context, which are entirely agnostic to UE. QCL is provided through a reference QCL source (e.g., CRS, CSI-RS, TRS) but the physical source of the signal is transparent. Note this principle holds even in conventional single-point system. 
The same principle applies in the UL where physical antennas architecture is agnostic to gNB. For gNB to acquire spatial QCL information in FR2, a set of linkage between spatial QCL reference (e.g. SRS, CSI-RS/SSB) and data signal (e.g. PUSCH) is pre-configured. If gNB indicates a candidate linkage (e.g. a reference SRS), UE must use the same physical hardware for PUSCH and the provisioned reference RS. How RS resources are mapped to UL panels is purely UE implementation. A reference SRS can be mapped to a single panel or virtualized across multiple panels, both of which are already supported in Rel.15. By provisioning a source RS, gNB implicitly chooses the UL panel where the UL signal originates, without actually knowing the panels.
Proposal 1 gNB controls UE beam/panel by implicitly controlling the reference RS resource.
It is unclear if there is a strong need to separate “beam” from “panel”. They are two sides of a coin that must be used together to determine the spatial characteristics (e.g. QCL reference) to derive the receiving filter. Both can be effectively provided by a reference RS resource, where the receiver (e.g. gNB) can assume the same spatial QCL property (including both beam and panel) between the reference RS and unicast data. 
Proposal 2 Panel/beam selection could be done jointly. There is no clear need for a “panel identifier” separate from “beam identifier”.  
Rel.15 beam management for uplink is based on configuration of “SpatialRelationInfo”. Rel.15 PUSCH is based on a “two-step” procedure, a UE is configured with two types of SRS resources, e.g. SRS_BM for uplink beam management and SRS_CSI for CSI acquisition. Once uplink beam/panel selection is complete, gNB can configure the selected SRS_BM resource as “SpatialRelationInfo” for SRS_CSI. The transmission of PUSCH is associated to the SRS_CSI indicated by the SRI in the DCI. The mandatory configuration of SRS_CSI results in RRC overhead and inflexibility. On the other hand, Rel.15 PUCCH is based on a “one-step” procedure, where PUCCH beam is directly configured by “SpatialRelationInfo” pointing to a SRS_BM.
To eliminate the large SRS_CSI overhead, simplify system flow, and allow better scheduling flexibility, the “one-step” procedure of PUCCH should be extended to Rel.16 PUSCH. In particular, a new UL-TCI can be introduced to indicate a source RS, which implicitly indicates the “panel/beam” for PUSCH. UL-TCI may carry SRS ID, or SSB/CSI-RS ID if beam correspondence is applicable. 
Proposal 3 Introduce UL-TCI field to implicitly indicate the uplink beam/panel for PUSCH, which signals the ID of SRS_BM or SSB/CSI-RS. 
It is also desirable to extend the mechanism to SRS_CSI, so gNB can use L1 signaling to quickly control the beam direction of CSI probing. 

Proposal 4 Introduce a UL-TCI field in the triggering grant for A_SRS_CSI, which implicitly provides the uplink beam for A_SRS_CSI. The UL-TCI signals the ID of SRS_BM or SSB/CSI-RS. 
Likewise, the same can be considered to PUCCH, where PUCCH spatial beam/panel is indicated by L1 signal additional to RRC/MAC-CE configuration. This can be done by including a UL-TCI in the DL grant. Alternatively for UE with beam correspondence, UL-TCI can be implicitly inferred from the TCI state of the PDCCH/PDSCH. The UL-TCI indication for PUCCH can include the flexibility and reduce the latency of PUCCH spatial relation information configuration.
Proposal 5 Support dynamic indicating the panel/beam of PUCCH through UL-TCI, where UL-TCI is explicitly carried in DL grant, or implicitly conveyed through TCI of PDCCH/PDSCH.
2.2. Uplink power control

Uplink power control is based on fractional path-loss compensation scheme, therefore matching downlink path-loss estimate and uplink signals transmission channel state (which is associated to the UL transmission panel and beam indicated by the UL-TCI) affects the performance of power control. It is imperative that the path-loss reference RS need to be associated and adjusted according to the selected UL panel and beam. For instance, if the UL-TCI signals the ID of SSB/CSI-RS (which implies beam correspondence where the DL panel for receiving the SSB/CSI-RS is used for UL Tx), the indicated SSB/CSI-RS can also to be the path-loss reference RS for power control. The fractional path-loss compensation factor Alpha can be set according to the estimated path-loss value to balance the receiving power and interference level caused by the transmission panel/beam. For instance, if the estimated path-loss value (which could be represented by the reported RSRP in the DL beam reporting) is large, the Alpha can be set to be a larger one to guarantee the signals receiving quality transmitted by the selected panel and beam. Hence, the uplink power control parameters could be associated to and adjusted with the UL-TCI state. 

Proposal 6 Uplink power control parameters could be associated to and adjusted with the UL-TCI state.  

2.3. Uplink transmission timing advance

Uplink transmission starts 
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)

c

offset

TA,

TA

TA

T

N

N

T

+

=

 before the start of the corresponding downlink transmission. Timing advance may be different for different UE panels, as the propagation delay are likely different. For MPUE-Assumption3, although only one panel can be used for transmission at a time, multiple panels can be activated and the uplink transmission panel may change semi-statically or dynamically. So the different transmission timing advance between different panels could be considered, especially for MPUE-Assumption2.
Proposal 7 Panel-specific transmission timing adjustments could be considered.

3. Beam failure recovery on SCell
The WID has an objective to support beam failure recovery for SCell with DL-only or both DL/UL, where PCell can be in FR1 or FR2. In the previous two meetings the following agreements were reached. 
	Agreement

· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH

· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH

· Down-select at least one options for BFRQ procedure in RAN1 #97:

· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 

· FFS: whether or not to have spec impact on resource for MAC CE

· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR

· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)

· Step 1 is carried by dedicated PUCCH/PRACH resource

· Step 2 is carried by MAC CE or UCI

· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI

· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly

· FFS: whether it is single-bit PUCCH or multi-bit PUCCH

· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR

· FFS: N_max 
Agreement

During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

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.
Agreement

When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.

Agreement

A UE can be configured to perform BFR for any configured SCells 

· The maximum number of SCells for which the UE performs BFR is a UE capability

Agreement

· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured

· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell


In the LS to RAN2 it was further clarified that that “The purpose of step 1 is to inform the NW that beam failure occurred, whereas step 2 is used to provide the network with information about a new beam (if present)”. It can be inferred from the LS that step 2 also carries the CC indices.  
Step 1 carries BF event indication to the gNB so that it can be prepared to receive, and/or schedule when needed, step 2 transmissions carrying the remaining BFR report. Step 2 can be period or aperiodic. A periodic step 2 can be based on reserved periodic resources (e.g. PUCCH or configured grant PUSCH). In our view this is not desirable since BFR is an aperiodic event with unpredictable long-term statistics, therefore step 2 should only be scheduled on-demand to achieve efficient overhead, resource and power utilization. Given that step 2 is aperiodic and triggered by step 1, a SR-like PUCCH type transmission for step 1 seems appropriate.  

One remaining question is whether gNB should be able to differentiate regular unicast PUSCH from step 2 BFR report. In our view this is beneficial, so that UL scheduling can be properly optimized.  Such differentiation can be either done in step 1 (e.g. by configuring dedicated resources for BFR), or step 2 (e.g. a dedicated MAC message for BFR).
Proposal 8 Introduce mechanism to allow gNB to differentiate normal UL data and BFR report.
It was agreed as a working assumption that step 2 is carried by a MAC-CE. One remaining question is whether MAC-CE in step 2 should be allowed to be multiplexed with regular PUSCH data. It is our view that this issue should be discussed in RAN2. 
Proposal 9 Whether MAC-CE in step 2 should be allowed to be multiplexed with regular PUSCH is to be discussed in RAN2. 
It has also been agreed that UE reports there is no new beam identified for the SCell when no new beam above the threshold is found. How UE convey such information has been discussed in previous meetings where different alternatives were proposed. In our view this is now a RAN2 issue, given that step 2 is carried by MAC-CE. 
Proposal 10 How UE report the event of “no new beam found” is left to RAN2. 
4. L1-SINR based beam reporting

In RAN1#97 the following conclusions were reached for L1-SINR based beam reporting. 
	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




Rel.15 support both ZP and NZP IMR. For ZP-IMR, all signals received on IMR resource are treated as interference. For NZP-IMR, UE performs channel estimation using NZP signals, subtracts it from the total received signal, and treats the remaining component as interference. The main motivation of NZP-IMR is to exploit higher channel interpolation accuracy from NZP signal, which facilities MU-MIMO interference emulation. Note in Rel.15 there is no stand-alone NZP-IMR operation. Instead, NZP-IMR must be configured jointly with ZP-based IMR.
Given beam measurement is to gauge long-term channel property (as opposed to short-term channel property targeting fast MU pairing), the motivation of NZP- IMR for L1-SINR beam reporting is anyway weak. Since NZP-IMR can be used alone, the additional benefit of a joint NZP+ZP IMR is even less clear. Our view is that more discussion is needed to better understand the working assumption on combinatorial ZP+NZP operation. 
Proposal 11 More discussion is needed to clarify the benefits of joint ZP+NZP IMR estimation, compared to standalone ZP or NZP IM. 
5. MPE 
The issue of MPE has been discussed in several meetings. In brief, UE needs to meet FCC regulation on maximum emission toward human-body for health and safety reasons. This implies that UE must reduce its transmit power when human body is in proximity. There is no specification-non-transparent solutions in RAN1, but. RAN4 has been studying this issue and concluded on UE-initiated procedure including P-MPR and maxUplinkDutyCycle. An LS has been sent from RAN4 to RAN1 to notify these two possible approaches. Some claimed that power backoff may be large in some scenarios.  

Discussion for RAN1-based solution led to the following agreement in RAN1#97. 

	· 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 specification support.

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




Alt-1 is unclear as to how it addresses the problem. When CRI (in the format of a reported DL beam) is used for UL BM, the same DL Rx beam of the reported CRI is mandated to be used for UL Tx. This implies that UL Tx panel and DL Rx panel must also be the same, otherwise it does not enforce anything. It is unclear to us how this proposal resolves the MPE issue.  
Alt-2 allows UE to autonomously select its UL beam. This essentially implies gNB will relinquish its control over UE behavior in UL BM. Some details require further clarification, such as the number of beams that UE can choose from, management of UL Rx beam, and system performance. At this moment, it is unclear how this alternative addresses the MPE issue. Furthermore, there is concern that this alternative makes UL beam selection completely to UE implementation, without any network oversight. 
For alt-3, it is unclear what RAN1 specification change is expected. More clarification would be needed to assess this proposal. 
Proposal 12 No enhancements considering MPE issue in Rel.16 RAN1 specification. 
6. Conclusions
In this contribution we present our views on the multi-beam enhancements in Rel.16. Currently we have the following observations and proposals: 
Proposal 13 gNB controls UE beam/panel by implicitly controlling the reference RS resource.
Proposal 14 Panel/beam selection could be done jointly. There is no clear need for a “panel identifier” separate from “beam identifier”.  
Proposal 15 Introduce UL-TCI field to implicitly indicate the uplink beam/panel for PUSCH, which signals the ID of SRS_BM or SSB/CSI-RS. 
Proposal 16 Introduce a UL-TCI field in the triggering grant for A_SRS_CSI, which implicitly provides the uplink beam for A_SRS_CSI. The UL-TCI signals the ID of SRS_BM or SSB/CSI-RS. 

Proposal 17 Support dynamic indicating the panel/beam of PUCCH through UL-TCI, where UL-TCI is explicitly carried in DL grant, or implicitly conveyed through TCI of PDCCH/PDSCH.
Proposal 18 Uplink power control parameters could be associated to and adjusted with the UL-TCI state.  

Proposal 19 Panel-specific transmission timing adjustments could be considered.

Proposal 20 Introduce mechanism to allow gNB to differentiate normal UL data and BFR report.

Proposal 21 Whether MAC-CE in step 2 should be allowed to be multiplexed with regular PUSCH is to be discussed in RAN2. 

Proposal 22 How UE report the event of “no new beam found” is left to RAN2. 

Proposal 23 More discussion is needed to clarify the benefits of joint ZP+NZP IMR estimation, compared to standalone ZP or NZP IM. 

Proposal 24 No enhancements considering MPE issue in Rel.16 RAN1 specification. 
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