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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 with a list of enhancement areas including. Specifically, in the latest WID [1], the following objectives are planned to be completed in Rel-16:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· 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 beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]
· Specify RRM requirements
· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements 
· Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 


In this discussion paper, we would like to share our view for the general discussion on RRM requirement scope for Rel-16 MIMO enhancement work item. 

2 Discussion on RRM Requirement Scope
Based on our analysis in accompanying discussion papers in this meeting, at least the following aspects are identified to have RRM requirement impact, i.e.,
· Beam failure recovery on SCell;
· Measurement and reporting of L1-SINR;
· DL/UL beam indication with reduced latency and overhead.
2.1 Identified RRM Impact
For a general summarization, the following table is provided to list the impacted section for MIMO enhancement work item according to our accompanying discussion papers. 
Proposal 1: Identified RRM requirement impact for Rel-16 MIMO enhancement WI is summarized in below table: 
Table: Identified RRM Requirement Impact for Rel-16 MIMO Enhancement
	RAN1 Features in Rel-16 eMIMO
	Potential Impacts in RRM Core Requirement

	Beam failure recovery on SCell
	- Link recovery procedure general (Section 8.5):
      Introduction part: Scenarios for SCell BFR needs to be added;
      Detailed scenarios (SCell with both UL and DL, SCell with DL only) needs clarification; 
      Further clarification on that only CSI-RS based BFD is applied for SCell BFD. 

- Beam failure detection: 
      Rel-15 core requirement shall be followed and no impact identified. 

- Candidate beam detection: 
      Rel-15 core requirement shall be followed and no impact identified.

- New SCell BFRQ mechanism: 
      Introduce Rel-16 RRM requirement for UE capability for maximum number of SCell for which UE performs BFR.
      No need to specify additional core requirement for SCell BFRQ mechanism. 

	Measurement and reporting of L1-SINR
	- L1-SINR measurement for reporting: 
      L1-SINR related UE capability.
      Measurement reporting requirement
      Requirement on measurement restriction of UE during L1-SINR measurement
      Requirement on scheduling availability of UE during L1-SINR measurement

	DL/UL beam indication with reduced latency and overhead
	- Spatial Relation Updates for AP-SRS via MAC-CE: 
      Mechanism shall be introduced in Rel-16 RRM requirement enhancement work item for SRS-related requirement;
- Updating Pathloss RS for PUSCH/SRS via MAC-CE: 
      No impact on RRM core requirement;
- Simultaneous Spatial Relation Update for Multiple PUCCH Resources: 
  No impact on RRM core requirement;
- Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs: 
  Define RRM requirement for simultaneous TCI states activation/selection across multiple CCs/BWPs.



2.2 Panel-Specific Uplink Beam Selection
It should be noted that based on RAN1 discussion, the original objective, i.e., “Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection”, has been deleted due to the following RAN1 conclusion: 
	<Captured in latest Rel-16 eMIMO WID>
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
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

Conclusion in RAN1#98
On the issue of uplink transmit beam selection that facilitates UE panel specific uplink beam selection, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective. 


Considering the removal of the objective of “specifying UL transmit beam selection for multi-panel operation that facilitates panel-specific uplink beam selection”, RAN4 don’t need to spend time and effort on this topic. 
Observation-1: No need to discuss panel-specific uplink beam selection feature since RAN1 will not introduce this feature in Rel-16.

2.3 Others
In RAN1, there is still discussion on other topics, such as “SRS to be configurable in DL TCI state”, and RAN4 discussion may be needed if any further RAN1 agreement is achieved. 

3 Conclusion
In this paper, we provided our view for the general discussion on RRM requirement scope for Rel-16 MIMO enhancement work item, with following observation and proposal achieved: 
Proposal 1: Identified RRM requirement impact for Rel-16 MIMO enhancement WI is summarized in below table: 
Table: Identified RRM Requirement Impact for Rel-16 MIMO Enhancement
	RAN1 Features in Rel-16 eMIMO
	Potential Impacts in RRM Core Requirement

	Beam failure recovery on SCell
	- Link recovery procedure general (Section 8.5):
      Introduction part: Scenarios for SCell BFR needs to be added;
      Detailed scenarios (SCell with both UL and DL, SCell with DL only) needs clarification; 
      Further clarification on that only CSI-RS based BFD is applied for SCell BFD. 

- Beam failure detection: 
      Rel-15 core requirement shall be followed and no impact identified. 

- Candidate beam detection: 
      Rel-15 core requirement shall be followed and no impact identified.

- New SCell BFRQ mechanism: 
      Introduce Rel-16 RRM requirement for UE capability for maximum number of SCell for which UE performs BFR.
      No need to specify additional core requirement for SCell BFRQ mechanism. 

	Measurement and reporting of L1-SINR
	- L1-SINR measurement for reporting: 
      L1-SINR related UE capability.
      Measurement reporting requirement
      Requirement on measurement restriction of UE during L1-SINR measurement
      Requirement on scheduling availability of UE during L1-SINR measurement

	DL/UL beam indication with reduced latency and overhead
	- Spatial Relation Updates for AP-SRS via MAC-CE: 
      Mechanism shall be introduced in Rel-16 RRM requirement enhancement work item for SRS-related requirement;
- Updating Pathloss RS for PUSCH/SRS via MAC-CE: 
      No impact on RRM core requirement;
- Simultaneous Spatial Relation Update for Multiple PUCCH Resources: 
  No impact on RRM core requirement;
- Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs: 
  Define RRM requirement for simultaneous TCI states activation/selection across multiple CCs/BWPs.



Observation-1: No need to discuss panel-specific uplink beam selection feature since RAN1 will not introduce this feature in Rel-16.
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5 Appenidx
5.1 RAN1 Agreement on UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
Till this RAN4 meeting, RAN1 has concluded the following agreement for DL/UL beam indication with reduced latency and overhead: 
	<RAN1 agreement>
Agreement made in RAN1#95
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

Agreement made in RAN1 NR-AH 1901
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info

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 made in RAN1#96
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 made in RAN1#96Bis
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· 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 that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

Working Assumption made in RAN1#96Bis
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.

Agreement made in RAN1#97
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]



Conclusion in RAN1#98
· From RAN1 point of view, a “UE panel” would be a logical entity and how to map physical UE antennas to the logical entity is up to UE implementation. 
· (Informative) For certain condition(s), gNB can assume the mapping between UE’s physical antennas to the logical entity “UE panel” activated for transmission will not be changed 
· FFS: Whether “UE panel” is transparent to gNB
· FFS: UE capability includes at least the number of “UE panels”.
· FFS: Whether/how to define the certain condition(s)
· For example: The duration of time over which the gNB assumes there will be no change
· For example: Until next update or report from UE
· (Informative) Depending on UE’s own implementation, a “UE panel” can have at least the following functionality as an operational role of 
· Unit of antenna group to control its Tx beam independently

Conclusion in RAN1#98
On the issue of uplink transmit beam selection that facilitates UE panel specific uplink beam selection, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective. 
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