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Introduction
RAN1#109 discussed an LS from RAN2 to RAN1 and RAN4 on BWP operation without bandwidth restriction. The RAN1 summary document on the discussion is recorded in [2]. The FG6-1a defines the UE capability for BWP operation without restriction:
	6-1a
	BWP operation without restriction on BW of BWP(s)
	1) BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell



The corresponding capability is namedn bwp-WithoutRestriction in TS 38.306:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB.
	Band
	No
	N/A
	N/A



RAN#96 further discussed the issue and endorsed the following [3]:
	1. To task the relevant Working Groups (RAN 1, 2, 4) to make progress on their discussions related to the RAN 2 LS in R2-2204009, aim to ensure that Feature Group 6-1a “bwp-WithoutRestriction” works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97. 



The main issue in FG6-1a centered around the unclear definition on what the UE is expected to use for synchronization and RLM in a BWP that does not include the SSB, and if some other UE capabilities should be mandated if it did. This contribution discusses further how to address the case where the UEs active BWP does not include the cell’s SSB.
[bookmark: _Hlk510705081]Discussion
Current specification status for FG 6-1a
TS 38.211: The 38.211 statement “The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an active bandwidth part.” could be understood to imply by omission that the CSI-RS for RRM (understood as CSI-RS for RLM, BFR and mobility) and the SSB outside of the active BWP should be something the UE is expected to receive (if such a functionality is supported by the UE). That is, this part of the specifications seem to take the existence of FG6-1a into account and allow SSB and CSI-RS for RRM outside of the active BWP. 
	4.4.5	Bandwidth part
[…]
A UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being active at a given time. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an active bandwidth part.



TS 38.213: The 38.213 statement “The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP” does not take any stand on how the radio link monitoring is done and if the SSB needs to be within the active BWP for which the radio link monitoring is done. However, the text could also be understood to imply that the SSB should be within the active BWP the radio link monitoring is done, and in that respect additional clarification might be useful.
	[bookmark: _Toc12021442][bookmark: _Toc20311554][bookmark: _Toc26719379][bookmark: _Toc44877039][bookmark: _Toc51963670][bookmark: _Toc74673417]5	Radio link monitoring
The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP, as described in Clause 12, on the primary cell. If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13, the UE is expected to perform RLM using the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS.
If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstants is provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell.



38.300: The 38.300 stage 2 statements “For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.” rules out SSB-based RLM, BFR and BM if the SSB is not within the active BWP. It would seem as if this part of the specification doesn’t acknowledge the existence of FG 6-1a, and a CR is a must.
	[bookmark: _Toc20387980][bookmark: _Toc29376060][bookmark: _Toc37231951][bookmark: _Toc46502006][bookmark: _Toc51971354][bookmark: _Toc52551337][bookmark: _Toc90589864]9.2.3	Mobility in RRC_CONNECTED
[…]
Beam Level Mobility does not require explicit RRC signalling to be triggered. The gNB provides via RRC signalling the UE with measurement configuration containing configurations of SSB/CSI resources and resource sets, reports and trigger states for triggering channel and interference measurements and reports. Beam Level Mobility is then dealt with at lower layers by means of physical layer and MAC layer control signalling, and RRC is not required to know which beam is being used at a given point in time.
SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS.
[…]
[bookmark: _Toc20387990][bookmark: _Toc29376070][bookmark: _Toc37231964][bookmark: _Toc46502021][bookmark: _Toc51971369][bookmark: _Toc52551352][bookmark: _Toc90589879]9.2.7	Radio Link Failure
In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS.
[…]
[bookmark: _Toc37231965][bookmark: _Toc46502022][bookmark: _Toc51971370][bookmark: _Toc52551353][bookmark: _Toc90589880]9.2.8	Beam failure detection and recovery
For beam failure detection, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.
[…]



38.306: The 38.306 definition for the FG6-1a, bwp-WithoutRestriction in itself is clear and sufficient in that the DL BWP may not include the SSB. It would nevertheless be beneficial to add clarification on what is expected from the UE when the SSB is not within the active DL BWP. 
	bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB.



Based on this, it seems like a fair conclusion that the behaviour of the UE supporting FG6-1a is ambiguous and it does appear as if part of the 3GPP specifications are only considering UEs not supporting FG 6-1a.
Observation 1: RAN1 specs do not rule out SSB outside the active BWP, but 38.213 leaves room for interpretation.
Observation 2: 38.300 is written as if FG6-1a BWP operation without restriction does not exist 
Observation 3: 38.306 bwp-WithoutRestriction definition does not offer any help on what UE behaviour is to be expected

Needed clarifications
The basic principle of “BWP without restriction” is to allow the SSB to reside outside the active BWP, but this configuration is not properly accounted for in TS 38.300, while TS 38.213 and 38.306 could benefit from some additional clarity. From the system operation perspective it should be obvious that for the UE that can support the SSB outside of the active BWP it should be possible to base all the SSB-based procedures on that SSB. That is:
The UE supporting bwp-WithoutRestriction should be able to support all the SSB-based procedures even when the active DL BWP doesn’t contain the SSB:
· SSB-based beam management
· SSB-based RLM/RLF
· SSB-based BFR

Further, such a UE should be able to perform SSB-based intra-frequency neighbour cell measurements even if the SSB is outside of the active DL BWP.
Proposal 1: UE supporting bwp-WithoutRestriction supports all SSB-based procedures also when the SSB is outside the active DL BWP. 

Proposal 2: Make the following clarification to the TS38.213
	5	Radio link monitoring
The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP, as described in Clause 12, on the primary cell. 
-	If the UE indicates capability bwp-WithoutRestriction, the SS/PBCH block can be located outside the active DL BWP.
-	If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13, the UE is expected to perform RLM using the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS. 
If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstants is provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell. If the UE indicates capability bwp-WithoutRestriction, the SS/PBCH block can be located outside the active DL BWP of the PSCell of the SCG.




Proposal 3: Suggest to RAN2 to make the following corrections to the TS 38.300
	9.2.3	Mobility in RRC_CONNECTED
[…]
Beam Level Mobility does not require explicit RRC signalling to be triggered. The gNB provides via RRC signalling the UE with measurement configuration containing configurations of SSB/CSI resources and resource sets, reports and trigger states for triggering channel and interference measurements and reports. Beam Level Mobility is then dealt with at lower layers by means of physical layer and MAC layer control signalling, and RRC is not required to know which beam is being used at a given point in time.
SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS unless the UE supports BWP operation without restrictions.
[…]
9.2.7	Radio Link Failure
In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS unless the UE supports BWP operation without restrictions.
[…]
9.2.8	Beam failure detection and recovery
For beam failure detection, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS unless the UE supports BWP operation without restrictions.
[…]




Proposal 4: Suggest to RAN2 to make the following clarification to the TS 38.306
	[bookmark: _Hlk111109112]bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB. When this capability is supported by the UE and the the cell’s SSB is outside of the bandwidth of the active DL BWP, the UE shall perform all SSB-based measurements without measurement gaps based on that SSB.



Conclusion
In this contribution the following observations on the Feature Group 6-1a, BWP operation without restriction are made:
Observation 1: RAN1 specs do not rule out SSB outside the active BWP, but 38.213 leaves room for interpretation.
Observation 2: 38.300 is written as if FG6-1a BWP operation without restriction does not exist 
Observation 3: 38.306 bwp-WithoutRestriction definition does not offer any help on what UE behaviour is to be expected

Based on these observations the following proposals for specification modifications are made:
Proposal 1: UE supporting bwp-WithoutRestriction supports all SSB-based procedures also when the SSB is outside the active DL BWP. 
Proposal 2: Make the following clarification to the TS38.213
Proposal 3: Suggest to RAN2 to make the following corrections to the TS 38.300
Proposal 4: Suggest to RAN2 to make the following clarification to the TS 38.306

Change to 38.213:
	5	Radio link monitoring
The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP, as described in Clause 12, on the primary cell. 
-	If the UE indicates capability bwp-WithoutRestriction, the SS/PBCH block can be located outside the active DL BWP.
-	If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13, the UE is expected to perform RLM using the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS. 
If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstants is provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell. If the UE indicates capability bwp-WithoutRestriction, the SS/PBCH block can be located outside the active DL BWP of the PSCell of the SCG.




Change to 38.300:
	9.2.3	Mobility in RRC_CONNECTED
[…]
Beam Level Mobility does not require explicit RRC signalling to be triggered. The gNB provides via RRC signalling the UE with measurement configuration containing configurations of SSB/CSI resources and resource sets, reports and trigger states for triggering channel and interference measurements and reports. Beam Level Mobility is then dealt with at lower layers by means of physical layer and MAC layer control signalling, and RRC is not required to know which beam is being used at a given point in time.
SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS unless the UE supports BWP operation without restrictions.
[…]
9.2.7	Radio Link Failure
In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS unless the UE supports BWP operation without restrictions.
[…]
9.2.8	Beam failure detection and recovery
For beam failure detection, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS unless the UE supports BWP operation without restrictions.
[…]




Change to 38.306:
	bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB. When this capability is supported by the UE and the the cell’s SSB is outside of the bandwidth of the active DL BWP, the UE shall perform all SSB-based measurements without measurement gaps based on that SSB.
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