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Discussion
1      Introduction
In 3GPP RAN1 #96 meeting which was held in February 2019[1], 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

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

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
Agreement

In RAN1#96bis, determine whether to support the configuration of up to 64 candidate beams for BFR by RRC signaling.

· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16
Based on the above agreements, we give our proposals about enhancements on multi-beam operation as shown below.
2      Enhancements on Multi-panel Transmission
2.1     Panel-specific UL transmission
Currently, there is no consensus among the companies in RAN1 whether supporting multi-panel simultaneous PUSCH transmission is in the work scope of Rel-16 WI. Some companies proposed that it would be better to remove multi-panel objective in Rel-16 WI for the reason that there was no progress possible in RAN #83 meeting[2], while no response returned and not yet done a downscoping until June 20. Naturally, multi-panel transmission has limited promising gain for multi-beam operation, and no centralized working assumption may bring large time consumption. It is urgent to make the final decision on multi-panel objective.
Last meeting, 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

Considering about MPUE-Assumption1-3, we propose that at least support MPUE-Assumption 1 or 3, and whether support multi-panel simultaneous PUSCH transmission should be determined as soon as possible. 
Proposal 1: At least support MPUE-Assumption 1 or 3.
2.2     UE panel activation/deactivation mechanism
Study UE panel activation and deactivation mechanism is beneficial for UE power saving and enhancement on multi-panel UL transmission. To ensure the reliability and robustness of system, UE panel activation or deactivation should be absolutely controlled by gNB, or at least inform related information to gNB and which will give assistance for gNB to make a good decision. The number of active UE panels could be determined by UE’s transmission capacity and TRP’s configuration jointly to make a compromise on system performance and latency. Therefore, we support both gNB indication on UE’s panel activation/deactivation and UE’s own decision on some of UE’s panel activation/deactivation with informing this to gNB.
Proposal 2: Support both gNB indication on UE’s panel activation/deactivation and UE’s own decision on some of UE’s panel activation/deactivation with informing this to gNB.

3      Latency and Overhead Reduction for Multi-panel Transmission
When talking about enhancements on multi-beam operation, it is vital and critical to reduce latency and overhead due to multi-TRP and multi-panel transmission would cause large complexity and more flexibility, which may bring the difficulty of implementation. Making a balance between performance and overhead with taking many aspects about practical application into consideration is needed and essential.
3.1     Beam management based on SRS resource transmssion
As we know, a device can be configured with one or several SRS resource sets. And a SRS resource set has several SRS resources which can be separately configured as periodic, semi-persistent and aperiodic SRS resource type for per SRS transmission. 
· A periodic SRS is transmitted with a certain configured periodicity and a certain configured slot offset within that periodicity; 
· A semi-persistent SRS has a configured periodicity and slot offset in the same way as a periodic SRS. However, actual SRS transmission according to the configured periodicity and slot offset is activated and deactivated by means of MAC CE signaling; 
· An aperiodic SRS is only transmitted when explicitly triggered by means of DCI.

Considering the flexible SRS resource type configuration and latency reduction, the suitable SRS period is needed. Here, the understanding of SRS period is generalized. It means that periodic SRS has a fixed SRS period and aperiodic SRS has a variable SRS period. Relying only on the fixed SRS period causes large latency and reduces the flexibility and efficiency of the system. It should be adaptive and chosen based on actual wireless network quality. Therefore, study beam-swept SRS transmission period adaption mechanism is essential. By learning and training during some time, finding the suitable SRS period to make a balance between latency and performance based on temporary channel quality. Due to SRS configuration triggered by means of DCI would cause large overhead if beam-swept SRS transmission period adaption mechanism is used, we propose that SRS configuration can be triggered by means of MAC CE signaling with using the adaption mechanism. And we have the following proposal:
Proposal 3: Study beam-swept SRS transmission period adaption mechanism to find the suitable SRS period for latency and overhead reduction by means of MAC CE signaling.
As aperiodic SRS is only transmitted when explicitly triggered by means of DCI, in order to reduce overhead, there we have the following proposal:
Proposal 4: For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS.
A device can be configured with multiple SRS resource sets that can be used for different purposes, including both downlink and uplink multi-antenna precoding (codebook and non-codebook) and downlink and uplink beam management. How to choose the proper beam-swept SRS transmission type should be controlled by gNB via RRC configuration, especially for UL beam management.
Proposal 5: For UL beam management, gNB should control and select proper beam-swept SRS transmission via RRC configuration.

3.2     Signalling latency reduction
Apparently, RRC signalling is heavily involved in Rel-15 beam management, and it needs to avoid frequent RRC (re)configuration between BS and UE[3]. While it seems that frequent RRC (re)configuration is inevitable for Rel-15 BM. Rel-15 RRC signalling restriction maxNrofCandidateBeams=16 puts a limit on the number of possible candidate beams UE can measure per BWP for beam failure recovery functionality, which brings low efficiencies. One way to break the deadlock is to add the number of candidate beams for BFR, which reduce signaling latency and the possibility of RRC reconfiguration. Here we have the following proposal:
Proposal 6: Support the configuration of up to 64 candidate beams for BFR by RRC signaling.
4      L1-SINR and interference measurement
According to agreements in last meeting, 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

ZP and NZP CSI-RS can be used for channel measurement and interference measurement including inter-cell and intra-cell. Making the suitable reference signalling allocation mechanism for ZP and NZP CSI-RS can bring the accuracy for measurement especially for inter-cell and intra-cell interference measurement. While how to use signal on REs of ZP and NZP CSI-RS resource for channel and interference measurement depends on UE implementation and reporting. We support Alt3, use dedicated ZP IMR and dedicated NZP IMR for interference measurement of L1-SINR. Confirming dedicated resource for IMR is beneficial for reference signalling allocation and the implementation of interference measurement.  
Proposal 7: Support dedicated ZP IMR and dedicated NZP IMR for interference measurement of L1-SINR.
5      SCell beam failure detection
According to agreements in last meeting, 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. 
When talking about BFD RS configuration, there are the following alternatives as below [4]:

•
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

Considering various use case and flexibility for SCell BFD, we support Alt 3, SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration. Then gNB can configure BFD RS on current CC for better accuracy or other CC for overhead reduction. If SCell BFD RS is only configured in current CC, BFD RS resource overhead is increased when the number of CC is large. Whether explicit or implicit configuration, may be due to PCell demand or other considerations.
Proposal 8: Support SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.
6      Conclusion
In this contribution, we have the following proposals:
Proposal 1: At least support MPUE-Assumption 1 or 3.

Proposal 2: Support both gNB indication on UE’s panel activation/deactivation and UE’s own decision on some of UE’s panel activation/deactivation with informing this to gNB.

Proposal 3: Study beam-swept SRS transmission period adaption mechanism to find the suitable SRS period for latency and overhead reduction by means of MAC CE signaling.
Proposal 4: For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS.

Proposal 5: For UL beam management, gNB should control and select proper beam-swept SRS transmission via RRC configuration.

Proposal 6: Support the configuration of up to 64 candidate beams for BFR by RRC signaling.

Proposal 7: Support dedicated ZP IMR and dedicated NZP IMR for interference measurement of L1-SINR.

Proposal 8: Support SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.
7      References
[1] Chairman’s Notes RAN1 #96, Athens, Greece, February 25th – March 1st, 2019.
[2] Draft_MeetingReport_RAN_83_190321, Shenzhen, China, March 18th-21th, 2019.
[3] R1-1901568, “Enhancements on multi-beam operation”, Huawei, Hisilicon, RAN1#96, Athens, Greece, February 25th – March 1st, 2019.
[4] R1-1903650, “Summary on SCell BFR and L1-SINR”, Intel, RAN1#96, Athens, Greece, February 25th – March 1st, 2019.
1

