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1 Introduction

In the LS [1] sent from RAN1, for signalling overhead reduction, they have agreed to introduce MAC CEs regarding simultaneous TCI state activation and spatial relation update across multiple CCs/BWPs.
Specifically, RAN1 asks RAN2 to discuss the MAC CE format to support simultaneous TCI state activation and spatial relation update across multiple CCs/BWPs by MAC-CE.

In this paper, we give our view on the format of the MAC CEs based on RAN1’agreement. 
2 Discussion

2.1 MAC CE #1-TCI States Activation/Deactivation for UE-specific PDSCH
In legacy TCI States Activation/Deactivation for UE-specific PDSCH MAC CE, the network may activate and deactivate the configured TCI states for PDSCH of a Serving Cell by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
As agreed in RAN1, the TCI-state IDs for PDSCH are activated based on the granularity of CC list. And for the BWPs in the indicated CC list, the same set of TCI-state ID will be applied.
Agreement
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.

· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.

· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.

· FFS on the UE capability signaling details

· Note: This at least applies to single TRP case.

· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability
Observation 1  The TCI-state IDs for PDSCH are activated based on the granularity of CC list.
Other than legacy TCI States Activation/Deactivation MAC CE, UE applies TCI States Activation/Deactivation for CC list instead of per serving cell ID and BWP ID, as shown in the following:
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Figure 1 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
Where the CC list is configured by RRC signalling and up to 2 lists of CCs can be configured per UE.
Proposal 1 Adopt the MAC CE format for TCI States Activation/Deactivation a set of CCs/BWPs.
2.2 MAC CE #2- TCI State Indication for UE-specific PDCCH
Another MAC CE to be enhanced for signalling reduction is that TCI State Indication for UE-specific PDCCH MAC CE. In current specification, the network may indicate a TCI state for PDCCH reception for a CORESET of a Serving Cell by sending the TCI State Indication for UE-specific PDCCH MAC CE as following:.
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Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE
As agreed in RAN1, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.

Agreement
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.

· Whether to support the inter-band CA for this feature will be decided in RAN1#99.

· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.

· FFS on the UE capability signaling details

· Note: This at least applies to single TRP case.
Observation 2 Based on RAN1’agreement, for all BWPs with the same CORESET ID in the indicated CCs, the TCI-state is activated upon the reception of the MAC CE.
Following gives an example of enhanced TCI State Indication for UE-specific PDCCH MAC CE with a configuration granularity of CC list. For all BWPs with the same CORESET ID in the indicated CCs, the TCI-state is activated upon the reception of the MAC CE.
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Figure 2 Enhanced TCI State Indication for UE-specific PDCCH MAC CE
Proposal 2 Adopt the new MAC CE format for TCI State Indication for UE-specific PDCCH. 
2.3 MAC CE #3 - SP/AP SRS Activation/Deactivation MAC CE
In legacy, the SP SRS Activation/Deactivation MAC CE is used for the network to activate and deactivate the configured Semi-persistent SRS resource sets of a Serving Cell. 
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Figure 6.1.3.17-1: SP SRS Activation/Deactivation MAC CE

And with the working assumption, RAN1 would like to introduce a new MAC CE which can activate and deactivate the spatial Relation Info of the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
Working assumption:
When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.

· Further signaling details are up to RAN2.

· Whether to support the inter-band CA for this feature will be decided in RAN1#99.

· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.

· FFS on the UE capability signaling details

· Note: This at least applies to single TRP case.

· FFS on the power control details (without RAN2 impact)
Working assumption:
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.

· UE expect no overlapped CC in multiple RRC-configured lists of CCs.

· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above
One example based on RAN1’s working assumption is shown below:
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Figure 3: Enhanced SP/AP SRS Activation/Deactivation MAC CE
Where CC list is configured by RRC, and up to 2 lists of CCs can be configured per UE.

Proposal 3  Adopt the new MAC CE format for SP/AP SRS Activation/Deactivation.
2.4 MAC CE#4 - Group-based PUCCH spatial relation Activation/Deactivation MAC CE
In legacy MAC specification, the PUCCH spatial relation Activation/Deactivation MAC CE is defined to activate and deactivate a spatial relation for a PUCCH resource of a Serving Cell:
-
Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-
BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;

-
PUCCH Resource ID: This field contains an identifier of the PUCCH resource ID identified by PUCCH-ResourceId as specified in TS 38.331 [5]. The length of the field is 7 bits;

-
Si: If there is a PUCCH Spatial Relation Info with PUCCH-SpatialRelationInfoId i as specified in TS 38.331 [5], configured for the uplink bandwidth part indicated by BWP ID field, Si indicates the activation status of PUCCH Spatial Relation Info with PUCCH-SpatialRelationInfoId i, otherwise MAC entity shall ignore this field. The Si field is set to "1" to indicate PUCCH Spatial Relation Info with PUCCH-SpatialRelationInfoId i should be activated. The Si field is set to "0" to indicate PUCCH Spatial Relation Info with PUCCH-SpatialRelationInfoId i should be deactivated. Only a single PUCCH Spatial Relation Info can be active for a PUCCH Resource at a time;
-
R: Reserved bit, set to "0".
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Figure 6.1.3.18-1: PUCCH spatial relation Activation/Deactivation MAC CE
Observation 3 In legacy specification, the network may activate and deactivate a spatial relation for a PUCCH resource of a Serving Cell by sending the PUCCH spatial relation Activation/Deactivation MAC CE.

As agreed in RAN1, simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE are supported. Moreover, for each BWP, there may be up to 4 groups configured by RRC layer

Agreement
Confirm the working assumption made in RAN1#97, with the following updates.
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 within RAN1#98bis, only up to two groups will be supported in Rel-16

· Note: the terminology of “group” may or may not be in specifications.

Agreement
At least for the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, explicit higher layer signalling on PUCCH resource grouping is supported.

· Signalling details are up to RAN2

Agreement
For the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE,

· Support up to 4 groups per BWP.

.

Observation 4 RAN1’ agreement adopt to update the spatial relation per group of PUCCH.
Observation 5 For each BWP, up to 4 PUCCH resource groups are configured.
In legacy PUCCH spatial relation Activation/Deactivation MAC CE, a bitmap is applied to indicate the PUCCH Spatial Relation Info index configured for the uplink bandwidth part indicated by BWP ID field. And the length of PUCCH-SpatialRelationInfoId is 3 bits. With the lateat RAN1 agreement, the PUCCH-SpatialRelationInfoId will be increased to 6 bits. If we reuse the format of REL-15 PUCCH spatial relation Activation/Deactivation MAC CE, i.e. using bitmap to indicate PUCCH Spatial Relation Info index, extra bits is required for PUCCH Spatial Relation Info index indication.

Observation 6 Reuse bitmap to indicate PUCCH Spatial Relation Info cost eatra bits.

With the observations above, we figure out an MAC CE format to support PUCCH group-based SRI Activation/Deactivation. 

 -
Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-
BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212. The length of the BWP ID field is 2 bits;

-
PUCCH Resource group ID: This field contains an identifier of the PUCCH resource group ID identified by PUCCH-ResourcegroupId as specified in TS 38.331. The length of the field is 2 bits;

-
SRI index: PUCCH Spatial Relation Info ID for a PUCCH resource group identified by PUCCH-SpatialRelationInfoId as specified in TS 38.331. The length of the field is 6 bits;
-
R: Reserved bit, set to "0".
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Figure 1: Enhanced group-based PUCCH spatial relation Activation/Deactivation MAC CE
Proposal 4 Adopt the new MAC CE format for group-based PUCCH spatial relation Activation/Deactivation MAC CE. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Adopt the MAC CE format for TCI States Activation/Deactivation a set of CCs/BWPs.
Proposal 2
Adopt the new MAC CE format for TCI State Indication for UE-specific PDCCH.
Proposal 3
Adopt the new MAC CE format for SP/AP SRS Activation/Deactivation.
Proposal 4
Adopt the new MAC CE format for group-based PUCCH spatial relation Activation/Deactivation MAC CE.
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