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1. Introductions
In RAN1 Ad-Hoc 1901 & #96 meetings, some issues need further discussion, e. g. RRC signaling overhead and latency reduction, UL panel specific transmission, SCell BFR and L1-SINR[1, 2]. In this paper, we share our views on the issues for MIMO enhancements on multi-beam operations in Rel-16. 
2. RRC signalling overhead and latency reduction
	Agreement

For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 

· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options

· Spatial relation update for all PUCCH resources in a CC by one MAC CE

· Spatial relation update per Rel-15 PUCCH resource set

· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 

· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells

· Other options are not precluded.


In the agreement of RAN1 #96 meeting, for signaling overhead reduction on updating/configuring spatial relation for PUCCH, the spatial relation of multiple PUCCH resources are simultaneously updated/configured. For FR2 intra-band CA, the spatial propagation characteristics are similar for the channels/RSs in different cells. For the RRC signalling overhead reduction, the PUCCH spatial relations configured/updated by RRC, e.g. 64, can be shared by multiple BWPs or multiple CCs. 
The reference 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 1: 
· The PUCCH spatial relation configured in a BWP can be shared across different BWPs/cells.
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 2: 
· 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, default beams could be defined. CORESET#0 specified in Rel-15 could be used for both broadcast and unicast reception. Its spatial relation could be used as the default.
Proposal 3:

· 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
3.1. MPUE assumption
In RAN1 #96 meeting, three MPUE categories are proposed for efficient discussions on possible enhancements over Rel-15. 
	For purpose of further discussion on this topic for RAN1#96 and future meetings

Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.

· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement

If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.

· Deadline for decision: RAN1#96bis


For MPUE-Assumption 1, when performance is degraded due to UE movement or rotation, the UE needs to switch to a new panel. The panel switching/activation delay is [X] ms. Before data transmission/reception on the new activated panel, beam management and CSI acquisition are needed firstly for the new activated panel, which will increase latency.  Besides, MPUE-Assumption 1 cannot receive DL data by using multiple panels at same time, especially in case of multi-TRP, which affects the DL reception performance.

For MPUE-Assumption 2, based on the current progress the common understanding is not achieved on the benefits and implementation complexity of multi-panel simultaneously transmission. We tend not to consider MPUE-Assumption 2 at least for eMBB and postpone this issue of multi-panel simultaneously transmission to the next release. However, we would like to clarify that this UE category is already supported in Rel-15 at least for SRS for beam management. 
For MPUE-Assumption 3, multiple panels at UE can be activated at a time for simultaneous DL reception, which can obtain diversity gain and robustness against deep fading and blocking. The panel selection based transmission has lower complexity than MPUE-Assumption 2. There is not large latency of panel switching/activation for beam management and UL transmission. RAN4 is also discussing SRS antenna switching in FR2 across panels (for Rel-15 UE) with time less than 1 OFDM symbol. Considering the trade-off between performance/latency and complexity/power consumption, we slightly prefer further enhancement based on MPUE-Assumption 3 in Rel-16.
Proposal 4:

· Support MPUE-Assumption 3 for MIMO enhancement in Rel-16.
3.2. UE panel related
For MPUE-Assumption 3, the power saving needs to be considered due to the multiple panels can be activated at a time. The propagation paths between gNB and UE panels are different which results in the different performance per UE panel. To save power consumption, UE panel activation/deactivation scheme can be introduced. The UE panel ID information can be indicated by gNB signalling to change the number of UE panels based on beam report or UL transmission performance. Or UE autonomously activates/deactivates the antenna panels based on the beam measurement per antenna panel.
UE panel activation and deactivation not only have influence on UL transmission but also on DL measurement. If a panel is deactivated, the panel may not be used for corresponding CSI measurement or even beam report.
Proposal 5:

·  For UE panel activation and deactivation,  the following issues should be further discussed:
· Network and UE alignment of panel activation/deactivation;
· Impact to DL control/data reception, DL CSI measurement and DL beam management;
· Impact to UL data/control transmission, SRS for beam management, SRS for codebook and non-codebook transmission.
3.3. MPE
The MPE (Maximum Power Emission) issue has been discussed in RAN4, e.g. power back-off and max duty cycle, to satisfy the emission safety to human. In RAN4 #90 meeting, a draft LS on RF exposure mitigation methods is sent to RAN1, where RAN4 would like RAN1 to take the issue into consideration in the future works. 

However, RAN1 doesn’t even have same understanding on which MPUE-Assumption Rel-16 is focusing on. For different MPUE-Assumption, the feasibility of UE sensing human body would be different. The scenarios need to be justified that the DL beam pair link having best channel quality is associated with one active panel, but the UL beam pair link associated with the same panel needs power back-off causing UL performance degradation. Typicality of such scenarios and corresponding MPUE-Assumptions need to be clarified.
In RAN4 meeting, some methods that do not rely on RAN1 were also introduced during Rel-15 to enable the UE to comply with regulatory exposure limits, e.g. maxUplinkDutyCycle capability. The idea of dynamic reporting similar parameter as maxUplinkDutyCycle can be further discussed. Such schemes are much friendlier in requirement for UE’s ability to sense human body beam specifically. 
Proposal 6: 
· It is not necessary to resolve MPE issues in RAN1.
4. Enhancements on SCell beam failure recovery
According to Rel-15 agreements the UE is not mandated to support BFR on SCell. In order to quickly recover the beam from the beam failure on SCell, in Rel-16 the detailed signalling configuration and recovery procedure needs to be discussed for SCell BFR with downlink only or with downlink and uplink. The number of SCells BFR to be supported on can be larger than 1. Basic configuration of beam failure detection on SCell should at least be supported. 
	Agreement

· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 

· Down-select one of the following alternatives in RAN1#96:

· Alt 1: SCell BFD RS is in current CC

· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration

· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration

· SCell BFD is measured based on hypothetical BLER


According to the agreements of RAN1 Ad-Hoc 1901 meeting, SCell BFD RS (periodic 1-port CSI-RS) can be configured explicitly by RRC or implicitly by TCI state. If SCell BFD RS is only configured in current CC, BFD RS resource overhead is increased when the number of CC is large. In order to reduce the BFD RS resource overhead, we prefer Alt3, i.e. SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration, where these BFD RS resources are spatially QCL-ed with PDCCH on active BWP of the SCell. 
Proposal 7:
· Support Alt3, i.e. SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.

	Agreement

Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.

· UE reports new beam information by or after BFRQ

· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.

· UE only indicates beam failure happens by BFRQ

· Note: new beam identification can be done by using DL BM procedure

· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure

· UE may report new beam information during BFR procedure 

· FFS: impact of new beam identification threshold

· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not

· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.

· FFS: whether the CSI-RS and/or SSB can be in another CC

· FFS: signaling details, e.g. RRC and/or MAC CE

Agreement

· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure

· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold

· FFS: whether no new beam identified could be included as a state of new beam information

· FFS: details if no new beam is above or equal to threshold


In RAN1 #96 meeting for SCell BFR, BFRQ shall be transmitted if UE declares beam failure event. The condition for conveying new beam information includes: (1) gNB configures new candidate beam RS resources and corresponding threshold, (2) at least the channel quality of new beam is above or equal to the new beam identification threshold. This behaviour can ensure the quality of new beam under the current channel state. The RSs for new candidate beam based on CSI-RS and/or SSB are configured by RRC, where the CSI-RS and/or SSB can be in another CC for RS resource overhead reduction.

Proposal 8:
· The RSs for new candidate beam can be configured in another CC.
From the view of signalling overhead reduction, if no new beam is identified, the UE does not need to report the new beam information. In other words, the presence or absence of the new beam information is used to indicate whether there is new beam. So the absence of new beam information is a state of new beam information. 
Proposal 9:
· The absence of new beam information can be used as a state to indicate no new beam identified.

	Agreement

Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure

· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE

· FFS: Whether new beam information should be included

· FFS: Details on triggering for transmitting BFRQ


During BFR procedure gNB needs to know in which CC happens beam failure. If the failed CC information is implicitly derived by gNB, then the CC index may be associated with the corresponding dedicated resource for BFRQ. When the number of CC is large, the dedicated resource overhead for BFRQ is increased. Even for BFR on SCell with DL only, it will require a large amount of dedicated resources to be configured on PCell. So we prefer that the failed CC index can be explicitly conveyed by the UE. 
Proposal 10:
· The failed CC index is explicitly conveyed by the UE.
	Agreement

For SCell BFR

· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2

· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios


According to the agreements of RAN1 Ad-Hoc 1901 meeting, the BFRQ solution for BFR with DL only firstly needs to be decided. The BFRQ can be transmitted in PCell which is generally in FR1. The PRACH configuration in PCell for SCell BFRQ requires a significant amount of resources to be reserved, especially when the number of candidate beams is large. So MAC CE in PCell can be adopted 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 and new beam information. For the case that both PCell and SCell are in FR2, it should be considered that the BFR in PCell has higher priority than SCell when beam failure events occur simultaneously. 

Proposal 11:
· Support MAC CE for BFRQ transmission of 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 12:
· CORESET-BFR is not necessary for BFR on SCell.
5. Beam report with L1-SINR 
	Agreement

For interference measurement of L1-SINR, down select one of the following in RAN1#96bis

· Alt 1: dedicated ZP IMR 

· Alt 2: dedicated NZP IMR 

· Alt 3: dedicated ZP IMR and dedicated NZP IMR

Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives

· L1-RSRP/CSI based beam selection could be baseline


In RAN1 Ad-Hoc 1901 and #96 meetings, for L1-SINR, interference is measured from dedicated RS resource(s). Typically two kinds of interferences should be considered: those that are configured to measure inter-cell interference and those that are used for inter-beam interference within the cell. For multi-user scheduling, the RS resources need to be configured to measure inter-beam interference.
In our understanding, the major reason to introduce L1-SINR is to introduce a way of beam selection with better performance than L1-RSRP based solution while with less complexity than CSI-based solution. The CSI framework in Rel-15 can be used for L1-RSRP and CQI measurement, where the UE measure interference port by port based on NZP CSI-RS. If NZP CSI-RS for CQI reporting is used for beam selection, it requires more complex measurement and calculation procedure. 
Proposal 13:
· Support Alt 1, for interference measurement of L1-SINR, dedicated ZP IMP is used.

Since L1-SINR is also targeting MU-MIMO scenarios, measurement restriction for L1-SINR should be considered at least for interference part.
Proposal 14:
· Support measurement restriction for the interference measurement part. 
CSI report settings for the different measurements of beam management, L1-RSRP and L1-SINR, can be configured separately. A compact reporting from an UE is to configure any measurement or their combination in a single CSI report setting which easily reflects the relationship between the reported measurements. For the only one CSI report setting or multiple CSI report settings for different measurement, the gNB can indicate flexibly the beam reporting content. For example, only one set of CRI/SSBRI is reported, and L1-RSRP is chosen as the reference measurement for CRI or SSBRI determination. And, more accurate beam selection can be realized by additional L1-SINR reporting for the selected resources identified by the reported CRI or SSBRI. The CSI-RS resources or SSB resources for L1-SINR reporting are those determined by the reference measurement, i.e., L1-RSRP. 
Proposal 15:
· Support flexible configuration of the CSI report setting and indication of the beam reporting content.

The best Rx beam for L1-SINR and L1-RSRP might be different. When an RS is configured for L1-SINR and L1-RSRP measurement and configured as QCL source for another RS/channel, there is ambiguity the UE cannot understand which Rx beam is used for RS/channel reception. The association of QCL source with the measured target channels/RSs can be used to determine the QCL assumption, e.g. Rx beam of the target channels/RSs. The alternatives can include that determining the QCL assumption based on measurement result (L1-RSRP or L1-SINR) of QCL source, based on the time domain behaviour of QCL source RS or target channels/RSs, based on the latest L1-RSRP report or L1-SINR report, or based on the QCL type of QCL source RS or target channels/RSs where a new QCL type can be defined to indicate the spatial Rx parameters for L1-SINR measurement. 

Proposal 16:
· Clarify the UE behavior of receiving a channel/RS when the channel/RS’s QCL source is associated with L1-RSRP reporting and L1-SINR reporting simultaneously.
6. Conclusion

In this contribution, we have the following proposals for multi-beam transmission schemes.
Proposal 1: 

· The PUCCH spatial relation configured in a BWP can be shared across different BWPs/cells.
Proposal 2: 
· 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 3:

· 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 4:

· Support MPUE-Assumption 3 for MIMO enhancement in Rel-16.

Proposal 5:

·  For UE panel activation and deactivation,  the following issues should be further discussed:
· Network and UE alignment of panel activation/deactivation;
· Impact to DL control/data reception, DL CSI measurement and DL beam management;
· Impact to UL data/control transmission, SRS for beam management, SRS for codebook and non-codebook transmission.
Proposal 6: 
· It is not necessary to resolve MPE issues in RAN1.
Proposal 7:
· Support Alt3, i.e. SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.

Proposal 8:
· The RSs for new candidate beam can be configured in another CC.
Proposal 9:
· The absence of new beam information can be used as a state to indicate no new beam identified.

Proposal 10:
· The failed CC index is explicitly conveyed by the UE.
Proposal 11:
· Support MAC CE for BFRQ transmission of SCell.

Proposal 12:
· CORESET-BFR is not necessary for BFR on SCell.

Proposal 13:
· Support Alt 1, for interference measurement of L1-SINR, dedicated ZP IMP is used.

Proposal 14:
· Support measurement restriction for the interference measurement part. 
Proposal 15:
· Support flexible configuration of the CSI report setting and indication of the beam reporting content.

Proposal 16:
· Clarify the UE behavior of receiving a channel/RS when the channel/RS’s QCL source is associated with L1-RSRP reporting and L1-SINR reporting simultaneously.
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