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1. Introduction
RAN1 sent LS [1] including many agreements and working assumptions regarding the simultaneous beam updates across multiple CCs/BWPs. In this LS [1], agreements related to the discussed simultaneous TCI state activation across multiple CCs/BWPs by MAC-CE and simultaneous spatial relation update across multiple CCs/BWPs by MAC-CE are included as below:
	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
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.
Agreement
For the purpose of simultaneous TCI state activation 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.

· Send LS to RAN2 to inform above
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


In this contribution, we consider how to support above features requested from RAN2.
2. Discussion

The main request from RAN1 LS [1] is that the reduction of signaling and latency for beam managements by means of simultaneous updates of the beam by one single MAC CE.
We can distinguish the issues as below:

1.  Issue 1: Simultaneous TCI state activation across multiple CCs/BWPs

A. Issue 1-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
B. Issue 1-2: TCI State Indication for UE-specific PDCCH MAC CE
2.  Simultaneous update/indication of a single spatial relation per group of PUCCH
: PUCCH spatial relation Activation/Deactivation MAC CE

For DL beam activation/indication by MAC CE, there are two types of MAC CE to indicate the activated TCI states, i.e. PDSCH beams up to 8 beams and one PDCCH beam. It seems the Rel-15 legacy mechanism cause huge burden to update the beams in terms of signalling and latency if the many individual beam changes are required at the same time.
Simliar problem can be considered in case that the UL spatial relation for PUCCH resources are updated, one single MAC CE only can update one PUCCH resource, so many MAC CE signalling is required to update a number of beam changes for PUCCH resources.

In the below sections, we provide the detail proposals to meet the RAN1’s requirement to support simultaneous beam updates across multiple CCs/BWPs.
2.1
Simultaneous TCI state activation across multiple CCs/BWPs for PDSCH
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Figure 1. Overall procedure to update TCI states for PDSCH
As seen in Figure 1, There are 3 steps to activate/deactivate TCI state for PDSCH:

·  Step 1: Maximum 128 TCI states can be configured by RRC signaling for PDSCH transmission in one BWP, and each TCI states include one QCL RS set which may include one RS resource as QCL references. If the multiple CCs are configured e.g. CA scenario, there are multiple CCs/BWPs configuring PDSCH-Config for each BWP. It means many configurations of TCI-States which are included in PDSCH-Config from UE perspective.
·  Step 2: MAC CE is used to select maximum 8 TCI states from those RRC configured TCI states. UE can receive a number of MAC CEs from different CCs/BWPs because the configuration of TCI states for PDSCH is different for each CC and BWP. It is redundant signaling if the network wants to update the beams of CCs/BWPs to the same TCI states. 

NOTE: See the current MAC CE format in TS 38.321.
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
·  Step 3: DCI indicates one entry among the entries which are indicated in above MAC CE. Each DCI from one CC/BWP can indicate one beam which is indicated by MAC CE for certain CC/BWP.
Observation 1: UE receives a number of MAC CEs from different CCs/BWPs if the network wants to update the beams of CCs/BWPs to the same TCI states. It causes increasing latency to update all TCI states from CCs/BWPs.
In order to solve the problem in Observation 1, RAN1 agreed to support simultaneous TCI state activation across multiple CCs/BWPs for PDSCH by a single MAC CE. We think there are two possible approach in RAN2 perspective.

· Approach 1-1: RRC configuration + New MAC CE
· List of CCs/BWPs as a group which is simultaneously updated by single MAC CE is configured by RRC. 
· MAC CE indicates the group ID with the TCI states indication.
· Approach 1-2: New MAC CE
· MAC CE indicates the TCI states indication and the list of of CCs/CORESETs which are simultaneously updated by this MAC CE.

In our understanding, RAN1’s intention of procedure for supporting simultaneous TCI state activation across multiple CCs/BWPs for PDSCH by a single MAC CE is the Approach 1-1 above i.e. RRC configures the list of CCs/BWPs which are simultaneouls updated by one MAC CE.
Proposal 1: Two step approach is used to support simultaneous TCI state activation across multiple CCs/BWPs for PDSCH by a single MAC CE.
· List of CCs/BWPs as a group which is simultaneously updated by single MAC CE is configured by RRC. Up to 2 lists of CCs can be configured by RRC.
· MAC CE indicates the group ID with the TCI states indication.

Proposal 2: Detail MAC CE design e.g. fields and descriptions and whether to introduce the new MAC CE or not is further studied based on the RAN2 discussion.
It seems now RAN1 assumes that the supporting the simultaneous TCI state activation across multiple CCs/BWPs for intra-band BC cases only i.e. FFS for inter-band BCs. We think there are some issues how to support this feature for intra-band BC i.e. how many combinations of CCs can be configured by RRC, and it will impact on the UE capability singaling. Some potential solution would be the per-UE capability, per-BC capability with some restrictions e.g. only support intra-band contiguous BCs or support both intra-band contiguous/non contiguous BCs.
Proposal 3: RAN2 wait for the RAN1’s decision regarding the FFS point of how many combinations of CCs can be configured by RRC and relevant UE capability e.g. only support intra-band contiguous BCs or support both intra-band contiguous/non contiguous BCs or inter-band BCs.
2.2
Simultaneous TCI state activation across multiple CCs/BWPs for PDCCH
Compared with the procedure of TCI state for PDSCH, overall procedure of activating/indicating TCI state for PDCCH is different i.e. two steps:

· Step 1: Maximum 64 TCI states can be configured by RRC signaling for PDCCH in one CORESET, and each TCI states include one QCL RS set which may include one RS resource as QCL references. If the multiple CCs are configured e.g. CA scenario, there are multiple CCs/CORESETs configuring PDCCH-Config for each CORESET. It means many configurations of TCI-States which are included in PDCCH-Config from UE perspective.
·  Step 2: MAC CE is used to indicates one entry among the entries which are indicated in above RRC configuration. UE can receive a number of MAC CEs from different CCs/BWPs because the configuration of TCI states for PDCCH is different for each CC and BWP. It is redundant signaling if the network wants to update the beams of CCs/CORESETs to the same TCI states.

[image: image3.emf]Oct 1

CORESET ID

CORE

SET ID

Serving Cell ID

TCI State ID Oct 2


Figure 2. TCI State Indication for UE-specific PDCCH MAC CE
Observation 2: UE receives a number of MAC CEs from different CCs/ BWPs if the network wants to update the beams of CCs/CORESETs to the same TCI states. It causes increasing latency to update all TCI states from CCs/ BWPs.
In order to solve the problem in Observation 2, RAN1 agreed to support simultaneous TCI state activation across multiple CCs/BWPs for PDCCH by a single MAC CE. Same with the PDSCH case, we think there are two approaches as below:
· Approach 2-1: RRC configuration + New MAC CE
· List of CCs/BWPs as a group which is simultaneously indicated by single MAC CE is configured by RRC. Up to 2 lists of CCs can be configured by RRC.
· MAC CE indicates the group ID with the TCI states indication.
· Approach 2-2: New MAC CE

· MAC CE indicates the TCI states indication and the list of of CCs/BWPs which are simultaneously updated by this MAC CE.

We think the consistent mechanism is used for this case as well i.e. same approach with simultaneous TCI state activation across multiple CCs/BWPs for PDSCH can be applied for simultaneous TCI state activation across multiple CCs/BWPs for PDCCH.

Proposal 4: Two step approach is used to support simultaneous TCI state activation across multiple CCs/BWPs for PDCCH by a single MAC CE.
· List of CCs/BWPs as a group which is simultaneously updated by single MAC CE is configured by RRC. 
· MAC CE indicates the group ID with the TCI states indication.
Proposal 5: Detail MAC CE design e.g. fields and descriptions and whether to introduce the new MAC CE or not is further studied based on the RAN2 discussion.

According to RAN1 agreements i.e. FFS on the UE capability signaling details, UE capability is on-going discussion, so RAN2 wait for RAN1 discussion for UE capability signaling to support simultaneous TCI state activation across multiple CCs/BWPs for PDCCH by a single MAC CE. 

Proposal 6: RAN2 wait for the RAN1’s decision regarding UE capability signaling to support simultaneous TCI state activation across multiple CCs/BWPs for PDCCH by a single MAC CE.
2.3
Simultaneous update of a single spatial relation per group of PUCCH
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Figure 3. PUCCH resource transmission by the indicated spatial relation info.

As represented in Figure 3, there are 2 steps to indicate the spatial relations for PUCCH resource:

·  Step 1: RRC configures PUCCH resources and spatial relation info in PUCCH-Config, independently as below:
· PUCCH resource sets: at most 4
· PUCCH resources per set: at most 32 (i.e. max size of PUCCH resource ID is 128)

· Spatial relations: at most 8
·  Step 2: MAC CE indicates/activates the PUCCH resource with resource ID and spatial relation ID. If there are no MAC CE for RRC configured PUCCH resources, UE use the spatial relation which is used for the initial RACH procedure for that PUCCH resources.
Therefore, the number of MAC CE would be same with the number of PUCCH resources which are required to update/indicate the corresponding beams if all spatial relations for PUCCH resources would be changed. Based on the RAN1 agreements in LS [2], the maximum number of spatial relations for PUCCH (configured via RRC) is increased from 8 to 64. So, it requires more signaling to indicate the beam information.

	· Overhead/latency reduction of beam management

· The maximum number of spatial relations for PUCCH (configured via RRC) is increased to 64.
· For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE is supported with (at least) up to two groups (WA) per BWP 
· Spatial relation update for aperiodic SRS (per resource level) is performed via MAC CE, for at least codebook-based/non-codebook-based UL transmissions, beam management, and (WA) antenna switching per SRS resource level
· Up to 64 candidate beams per BWP can be configured for BFR via RRC signaling
The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling


Observation 3: UE receives a number of MAC CEs from different CCs/BWPs if the network wants to update the beams of PUCCH resources. It causes increasing latency to update all beams for PUCCH resources from CCs/ BWPs.
In order to solve the problem in Observation 3 i.e. reduction of the latency/overhead for PUCCH spatial info on multi-TRP operation, we think there are two approaches as below:

· Approach 3-1: RRC configuration + New MAC CE
· Explicitly configure the groups for PUCCH resources in PUCCH-Config (i.e. list of configuration for PUCCH resource groups)

· Group ID: [0..3]

· PUCCH resource IDs which are applied for simultaneously updated by one MAC CE
· (Optional) initial spatial relation info
· New MAC CE indicates the group ID and spatial relation info (example below)

[image: image5.emf]R Oct 1 BWP ID Serving Cell ID

Oct 2 Group ID Spatial relation info ID


Figure 4. Proposed MAC CE format for simultaneous update spatial relation for PUCCH resources
· Approach 3-2: New MAC CE

· No signaling for PUCCH resource group by RRC, but extend the configuration of spatial relations from 8 to 64.
· MAC CE includes all necessary information
· Multiple PUCCH resources (FFS: multiple serving Cell ID and BWP ID)
· Spatial info ID which is applied for listed PUCCH resources 
In our understanding, RAN1’s intention of procedure for supporting simultaneous update of a single spatial relation per group of PUCCH resources across multiple CCs/BWPs by a single MAC CE is the Approach 3-1 above i.e. RRC configures the list of PUCCH resources in different CCs/BWPs.

Proposal 7: Two step approach is used to support simultaneous update of a single spatial relation per group of PUCCH resources across multiple CCs/BWPs by a single MAC CE 
· Explicitly configure the groups for PUCCH resources in PUCCH-Config (i.e. list of configuration for PUCCH resource groups).
· New MAC CE indicates the group ID and spatial relation info.
Proposal 8: RAN2 adopt the MAC CE format which is provided in Figure 4.

According to RAN1 agreements i.e. FFS on the UE capability signaling details, UE capability is on-going discussion, so RAN2 wait for RAN1 discussion for UE capability signaling to support simultaneous update of a single spatial relation per group of PUCCH resources across multiple CCs/BWPs by a single MAC CE.

Proposal 9: RAN2 wait for the RAN1’s decision regarding UE capability signaling to support simultaneous update of a single spatial relation per group of PUCCH resources across multiple CCs/BWPs by a single MAC CE.
3. Conclusion
In this contribution, we propose below proposals:
Proposal 1: Two step approach is used to support simultaneous TCI state activation across multiple CCs/BWPs for PDSCH by a single MAC CE.
· List of CCs/BWPs as a group which is simultaneously updated by single MAC CE is configured by RRC. Up to 2 lists of CCs can be configured by RRC.
· MAC CE indicates the group ID with the TCI states indication.

Proposal 2: Detail MAC CE design e.g. fields and descriptions and whether to introduce the new MAC CE or not is further studied based on the RAN2 discussion.
Proposal 3: RAN2 wait for the RAN1’s decision regarding the FFS point of how many combinations of CCs can be configured by RRC and relevant UE capability e.g. only support intra-band contiguous BCs or support both intra-band contiguous/non contiguous BCs or inter-band BCs.

Proposal 4: Two step approach is used to support simultaneous TCI state activation across multiple CCs/BWPs for PDCCH by a single MAC CE.
· List of CCs/BWPs as a group which is simultaneously updated by single MAC CE is configured by RRC. 
· MAC CE indicates the group ID with the TCI states indication.
Proposal 5: Detail MAC CE design e.g. fields and descriptions and whether to introduce the new MAC CE or not is further studied based on the RAN2 discussion.
Proposal 6: RAN2 wait for the RAN1’s decision regarding UE capability signaling to support simultaneous TCI state activation across multiple CCs/BWPs for PDCCH by a single MAC CE.
Proposal 7: Two step approach is used to support simultaneous update of a single spatial relation per group of PUCCH resources across multiple CCs/BWPs by a single MAC CE 
· Explicitly configure the groups for PUCCH resources in PUCCH-Config (i.e. list of configuration for PUCCH resource groups).
· New MAC CE indicates the group ID and spatial relation info.
Proposal 8: RAN2 adopt the MAC CE format which is provided in Figure 4.
Proposal 9: RAN2 wait for the RAN1’s decision regarding UE capability signaling to support simultaneous update of a single spatial relation per group of PUCCH resources across multiple CCs/BWPs by a single MAC CE.
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