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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Based on the agreements in the previous meetings, in this document, we discuss the some of the open issues related to multi-beam operations and SCell BFR for NR MIMO in Rel. 16.
2	Multi-beam operation 
In RAN1#97, following agreements and working assumptions related to spatial relation indication/update of PUCCH/SRS are captured in [1]:

Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

In our understanding, one of the main motivation to introduce MAC-CE based spatial relation update is overhead reduction for aperiodic SRS and it is applicable to all types of usage including antenna switching. Therefore, to utilize the benefit and have a unified design for all usage types, the working assumption made in the last meeting should be agreed in RAN1#97.

Proposal 1: The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level in NR MIMO Rel. 16.

Another agreement in RAN1#96bis [2] and a working assumption in RAN1#97 has been made related to the simultaneous update/indication of a single spatial relation per group of PUCCH by MAC CE. According to working assumption, at least two groups for BWP should be supported. In our understanding, this working assumption is also in line with the enhancements in multi-TRP where similar discussion is on-going on the PUCCH group association with two panels. Therefore, working assumption should be agreed in RAN1#97 with the restriction that only two groups of PUCCH in NR MIMO Rel. 16. There is no additional benefit of defining more than two groups due to the current limitation of using up to two TRPs simultaneously.

Proposal 2: For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, up to two groups per BWP should be supported in NR MIMO Rel. 16.

Further details related to the configuration of group i.e. whether to use implicit or explicit method is already being discussed in multi-TRP enhancements. 

One open issue here is how the group is defined and if there is no consensus on the grouping of PUCCH, then all PUCCHs in the BWP will be simultaneously updated. In multi-TRP, there is similar discussion on-going related to PUCCH. In our understanding, there is no need to have a redundant effort in a similar direction in two different topics and therefore similar approach as in multi-TRP should be adopted for multi-beam operations as well.

Proposal 3: Configuration PUCCH groups in multi-TRPs should be adopted in multi-beam operations for simultaneous update/indication of a single spatial relation per group of PUCCH by MAC CE in NR MIMO Rel. 16

Furthermore, following agreements related to UL multi-panel enhancement have been made in RAN1#97:

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 RAN1#95, it was already agreed to introduce an identifier that can be associated with UL panel, where one of the main intention of introducing such identifier is to indicate panel-specific information i.e. applicable to all the beams comprised in that panel. In our understanding, based on the previous agreement, Alt. 2 from the above agreement should not be supported as the new panel ID might not be introduced and it is not in line with the previous agreements. Furthermore, introduction of UL-TCI framework might require much more standardization effort.  Considering these factors, it should be reasonable to adopt Alt. 3 and discuss further details in the remaining meetings in Rel. 16 for NR MIMO WI. 

Proposal 4: For NR MIMO in rel. 16, gNB can configure/indicate panel-specific transmission for UL transmission, via 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.

3	SCell BFR 
The procedure of beam failure recovery (BFR) for PCell/PsCell was specified in Rel-15. It has four main steps
· Beam failure detection (BFD),
· New beam identification (NBI),
· Beam failure recovery request (BFRQ),
· Beam failure recovery response (BFRR).

The procedure of BFR for SCells will be specified in Rel-16 as presented in the work item descriptions on enhancements of NR MIMO in the following [3]
· 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 DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

In this section, we discuss the some of the open issues related to the BFR for multiple SCells. In NR, in order to increase the data rate, a UE can be configured with a maximum number of 31 SCells which mostly operate in FR2 band, where the high frequency transmission links are sensitive to blockage (such as buildings, human bodies, etc.) and UE mobility. Hence, there are the situations that groups of SCells share similar failure condition properties (e.g., statistical large-scale properties). With CSI information  reporting and SRS transmission from the UE, the gNB can classify the configured SCells into multiple groups (e.g., groups of SCells only and/or group of SCells and PCell). In this case, the BFD would not be needed to perform separately for each individual SCell. Particularly, the beam failure (BF) for a group of SCells can be obtained based the beam failure of a SCell. By doing so, it can reduce the BFD measurement effort for the UE and simplify the BFR procedure to support the multiple SCells. In addition, it is potential to reduce uplink radio overhead caused by CSI/BFD-RS transmission for each SCells.

Proposal 5: Support to specify the BFR procedure for multiple SCells based on group basic scenario.

To support group-based SCell BFR, there are some open issues that need to be solved, such as how the UE is notified to perform the group-based SCell BFR and how the UE determines and reports the beam failure of multiple SCells based on a single identifier. Different from the conventional BFR per SCell, the gNB indicates the UE to perform specific operations in some steps.

The configuration information can include the group formulation information, the BFD configuration information, and the BF report configuration information. Depending on the UE capability and channel/beam properties, the configuration information is flexible to carry multiple indications which are used for the BFD operation and BF report contents. In the other words, this configuration information is expected to improve the BFR performance for multiple SCells effectively, as well as reduce the effort of measurement and report for the UE. 

In Rel-15, the change of TCI state for periodic CSI-RS is through RRC reconfiguration. According to the agreement in RAN1#95, the BFD RS is periodic. Therefore, whenever QCL of monitored CORESET changes, the change of corresponding periodic BFD RS will require either RRC reconfiguration or configuration of large number of the periodic CSI-RS. 

Proposal 6: For the group-based SCell BFR, the configuration information is indicated by using at least RRC signaling.

Moreover, for the BFR per each SCell, when the level link quality for all the corresponding CSI-RS resources is above a threshold in a time instance, a beam failure instance can be identified. After detecting  (beamFailureInstanceMaxCount) consecutive beam failure instance indications (BFIIs), the UE can declare that beam failure happens for the SCell. For the group-based SCell BFR, the UE counts the BFII to detect the BF for each individual SCell within the group. If any SCell within the group is identified as failed, the BF of the group is declared. At this time, the UE does not count the BFII for other SCells in the group anymore. It can reduce the BFD measurement effort for the UE as the channel/beam properties of different SCells within the group are almost same.

For the BFR per SCell, the UE needs to report every component carrier (CC) index of failed SCell as the BF is declared. However, for the group-based SCell BFR, one way of the reduced signalling indication method would be the UE report the useful group identifier(s), if the number of the failed groups is greater than that of the useful groups at the same time. Otherwise, the UE reports the failed group identifier(s). Moreover, the UE also provides new beam information if present.

Proposal 7: The UE reports the BF content including at least a group identifier for each individual group indicated by the configuration information 
· The group identifier is the information indicating the group such as group ID, indicated CC index, or configuration index order

In our understanding, it is possible to configure an indicated CC for each individual group with the BFD reference signal(s) (BFD RS(s)) (i.e., not all CCs within the group) when the group of CCs have a similar failure condition. Therefore, only the indicated CC (SCell) is configured to perform BFD and report for each individual group. By doing so, we can reduce the downlink BFD RS. In addition, other BFR resources could also be saved as the gNB only needs to locate the BFR resources on one CC within the CC group. In this case, the list of CCs may not be required to be known to UE, and the group identifier can be the indicated CC index or the configuration index order. Similarly, the gNB can also configure SCell BFD RS over more than one CC within CC group and the configuration information can indicate which CC to perform BFD and report based on the UE capability and/or channel condition.

Proposal 8: For the group-based SCell BFR, support to configure at least an indicated CC with the BFD reference signal(s) for each individual group pointed by the configuration information

Please note that in Proposals 5-7, all the CCs of different groups can be configured with their own BFD RS(s) explicitly or implicitly, while only the indicated CC of each individual group is configured with BFD RS(s) explicitly or implicitly the Proposal 8.

4	Conclusion 
Here we summarize the observations/proposals that have been presented in the sections above:
Multi-beam operation
Proposal 1: The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level in NR MIMO Rel. 16.

Proposal 2: For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, up to two groups per BWP should be supported in NR MIMO Rel. 16.

Proposal 3: Configuration PUCCH groups in multi-TRPs should be adopted in multi-beam operations for simultaneous update/indication of a single spatial relation per group of PUCCH by MAC CE in NR MIMO Rel. 16

Proposal 4: For NR MIMO in rel. 16, gNB can configure/indicate panel-specific transmission for UL transmission, via 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.

SCell BFR

Proposal 5: Support to specify the BFR procedure for multiple SCells based on group basic scenario.

Proposal 6: For the group-based SCell BFR, the configuration information is indicated by using at least RRC signaling.

Proposal 7: The UE reports the BF content including at least a group identifier for each individual group indicated by the configuration information 
· The group identifier is the information indicating the group such as group ID, indicated CC index, or configuration index order
[bookmark: _GoBack]
Proposal 8: For the group-based SCell BFR, support to configure at least an indicated CC with the BFD reference signal(s) for each individual group pointed by the configuration information
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