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1      Introduction
The scope of WI on NR enhancement was revised in RAN Plenary #81 meeting [1]. The objectives for enhancements on multi-beam operation are as follows, 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 a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
2      Panel-specific UL transmission

2.1     Details on the identification for a panel
After choosing the multi-panel UE (MPUE) category 3, the consequent work is details on the identification for a panel and corresponding panel definition. In 3GPP RAN1 #97 meeting which was held in May 2019 [2], the following agreement was reached for panel identification. There are two alternatives for RAN1 #98 to be selected.
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.

 (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]


In our view, it is better to introduce a new panel-specific ID, 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. Using UL-TCI framework in Rel-16 may bring complexity and more state configurations with different types of resource reference RS. And the flexibility of multi-panel indication and timeline issue of panel activation/deactivation by UE and gNB should be considered. 
Proposal 1: Introduce a new panel-specific ID, 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.
When talking about details on the identification for a panel and corresponding panel definition, there are some use cases and implementation scenarios for the agreed panel ID. The agreed panel ID means the unit of antenna group from RS resource configuration for spatialRelationInfo, which can be used to differentiate separate beams and panel configurations, such as transmission power, panel switching delay. And the agreed panel ID can be used for indicating a UE Tx panel among multiple activated panels for PUSCH, PUCCH, and SRS transmission [3].
Proposal 2: The agreed panel ID can be used to differentiate separate beams and panel configurations, such as transmission power, panel switching delay.
Proposal 3: The agreed panel ID can be used for indicating a UE Tx panel among multiple activated panels for PUSCH, PUCCH, and SRS transmission.
2.2     UE panel activation/deactivation mechanism

From gNB’s perspective, it does not require a UE to always activate multi-panels simultaneously, which may result in system performance loss but more flexibility for UE. This is a UE optional feature with taking UE’s implementation complexity and functional flexibility into consideration. UE can control the panel activation or deactivation with considering UE power saving and system performance.
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 4: 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 5: In Rel-16, panel-specific power control for panel-specific UL transmission(s) is supported.
3      Enhancements on beam management considering MPE issues
In RAN1#97, it is suggested to consider beam management enhancements considering MPE (maximum permissible emission) issues and the agreement on this topic has been achieved [2].
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.
The uplink beam transmit power needs to be limited because the side lobes of some uplink beam may target to human body, which may not meet the security requirements. For existing uplink beam selection procedure, gNB doesn’t know whether the indicated beams are safe or not, so UE-assist information is essential to ensure safety while guaranteeing uplink system performance.

Alt1 is a feasible way to solve MPE issue. UE can report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission according to UE’s measurement results to ensure the emission-safety of uplink beams. It can be reported jointly with existing DL beam reporting to reduce the impact on the existing specifications.

Regarding Alt2, it is infeasible because gNB must know the exact uplink Rx beam. Meanwhile, MPE issue is for all uplink signals, therefore Alt2 may not work well.
Regarding Alt3, beam reporting based on both MPE impact and the required transmission power can save power compared with only based on MPE. And reusing Rel-15 beam specific PHR (power headroom report) reporting, i.e., by difference value between Pcmax with considering MPE impact and the required transmission power, can determine beam-specific MPE impact transparently and make little impact on the existing specifications.

Proposal 6: Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission, which can be reported jointly with existing DL beam reporting.
Proposal 7: 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.
4      Spatial relation updates for AP-SRS via MAC CE 
In the last meeting, the agreement that RAN1 #98 should decide whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE has been achieved [2].
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.
The power control for PUSCH can be calculated by:
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 (1)
And the power control for SRS can also be calculated by:
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From the formulas (1) and (2), there are close relationships between path loss and power control. Therefore, it is need to support updating path loss reference RSs for power control for PUSCH and SRS. In order to reduce signaling overhead, using MAC CE to update path loss reference RSs is a better choice. Certainly, the exact signalling mechanisms of how MAC CE can update path loss reference RSs still need to be discussed.
Proposal 8: Support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
5      L1-SINR and interference measurement
When dedicated IMR is configured, the agreement of NW can configure interference measurement for L1-SINR with ZP-IMR only and NZP-IMR only has been achieved. However, there is a working assumption on supporting both ZP-IMR and NZP-IMR for further discussion [2].
Agreement

· 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
It is a common view that using NZP-IMR for intra-cell interference measurement and ZP-IMR for inter-cell interference measurement. Making the suitable reference signalling allocation mechanism for ZP and NZP CSI-RS can bring the accuracy for 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. NZP-IMR based SINR could be beneficial at least from gNB’s implementation flexibility perspective. And gNB can reuse NZP-IMR as CMR for another UE with overhead reduction, while this may result in additional UE complexity for interference measurement.

We support L1-SINR based on ZP+NZP IMR. Confirming dedicated resource for IMR is beneficial for reference signalling allocation and the implementation of interference measurement. In that case of dedicated interference measurement resources are not configured, the UE would also use the REs used for RSRP measurement to estimate the interference as a reference.
Proposal 9: Confirm the working assumption on ZP-IMR and NZP-IMR (interference measurement is taken on both).

Proposal 10: For L1-SINR measurement, if dedicated interference measurement resources are not configured, the UE would also use the REs used for RSRP measurement to estimate the interference.
6      Conclusion
In this contribution, we have the following proposals:
Proposal 1: Introduce a new panel-specific ID, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH.

Proposal 2: The agreed panel ID can be used to differentiate separate beams and panel configurations, such as transmission power, panel switching delay.
Proposal 3: The agreed panel ID can be used for indicating a UE Tx panel among multiple activated panels for PUSCH, PUCCH, and SRS transmission.
Proposal 4: 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 5: In Rel-16, panel-specific power control for panel-specific UL transmission(s) is supported.
Proposal 6: Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission, which can be reported jointly with existing DL beam reporting.

Proposal 7: 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.
Proposal 8: Support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
Proposal 9: Confirm the working assumption on ZP-IMR and NZP-IMR (interference measurement is taken on both).

Proposal 10: For L1-SINR measurement, if dedicated interference measurement resources are not configured, the UE would also use the REs used for RSRP measurement to estimate the interference.
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