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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
NR supports BWP operation without bandwidth restriction (FG6-1a) as an optional feature with per-band UE capability signaling since Rel-15. If a UE indicates support of this feature, the UE can be configured with a DL BWP that does not include the bandwidth of CORESET#0 (if configured) and SSB for PCell/PSCell, and a DL BWP that does not include SSB for SCell. This feature prerequisites support of basic BWP operation (FG6-1) or adaptation of BWP (FG6-2, 6-3, or 6-4).
In addition, NR also supports the following relevant UE features including CSI-RS based RLM (FG 1-7), RLM based on mix of SSB and CSI-RS (FG1-8), BM (FG2-24) and BFR (FG2-31), details are copied as the following[1].
	Index
	Feature group
	Components
	Mandatory/Optional

	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
	Optional with capability signalling

	1-7
	CSI-RS based RLM
	CSI-RS based RLM
	Mandatory with capability signaling 


	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	Optional with capability signalling

	2-24
	SSB/CSI-RS for beam measurement
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 

1a. The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1 


2. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 

3. Supported density of CSI-RS 
4. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	Mandatory with capability signaling


	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality  

2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality  

3. Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications. 

	Mandatory with capability signaling for FR2
Optional with capability signaling for FR1




RAN2 had following questions in their incoming LS to RAN1[2]. RAN1 has discussed the potential answer to the RAN2 LS in RAN1#109e [3], however, no conclusion has been made. 
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.



This contribution presents our view on this topic.

2. Discussion 
RLM
From the current specification, UE is allowed to indicate BWP without restriction (FG6-1a) without supporting CSI-RS based RLM (FG 1-7). In addition, during RAN1#109e discussion, majority of companies shared the understanding that RLM is essential UE functionality for Pcell operation and therefore it should not be possible for UE to operate in a scenario without RLM possibility. However, RAN1 specification also has the following statement, which means that UE is not required to monitor SSB outside its active DL BWP for RLM, if the active DL BWP does not contain SSB (i.e. FG6-1a) and if the UE does not support CSI-RS based RLM (FG1-7). 
	TS38.213
[bookmark: _Toc12021442][bookmark: _Toc20311554][bookmark: _Toc26719379][bookmark: _Toc29894810][bookmark: _Toc29899109][bookmark: _Toc29899527][bookmark: _Toc29917264][bookmark: _Toc36498138][bookmark: _Toc45699164][bookmark: _Toc60601281]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.




Observation 1: Current specification does not require the UE to perform RLM measurement outside its active DL BWP. Therefore, although specification does not prevent a UE to indicate FG 6-1a without FG1-7, the UE behavior for such case (active DL BWP without SSB) is undefined. And it is not a valid scenario for a UE to operate without RLM-RS within its active DL BWP. 

BM
Beam management (FG 2-24) is mandatory with capability signaling and covers both SSB and CSI-RS based BM, if supported by the UE. However, based on the current specification, the BM related measurements can only be performed within the active DL BWP, as the following
	TS38.133
9.5.1	Introduction
When configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP.



Observation 2: Current specification does not require the UE to perform BM related measurement outside its active DL BWP. Therefore, for a FG6-1a capable UE, if the active DL BWP does not contain SSB or CSI-RS for BM related measurements, the UE cannot perform BM related measurements. 

BFD
BFD (FG 2-31) is mandatory with capability signaling for FR2 and optional with capability signaling for FR1and covers both SSB and CSI-RS based BFD, if supported by the UE. However, based on the current specification, BFD can only be performed within the active DL BWP, as the following
	TS38.133
8.5	Link Recovery Procedures
8.5.1	Introduction

The UE shall assess the downlink radio link quality of a serving cell based on the reference signal in the set  as specified in TS 38.213 [3] in order to detect beam failure on:
-	PCell in SA, NR-DC, or NE-DC operation mode,
-	PSCell in NR-DC and EN-DC operation mode,
-	SCell in SA, NR-DC, NE-DC or EN-DC operation mode.






The RS resource configurations in the set  on PCell or PSCell can be periodic CSI-RS resources and/or SSBs. RS resource configuration in the set  on SCell shall be periodic CSI-RS. UE is not required to perform beam failure detection outside the active DL BWP. UE is not required to meet the requirements in clause 8.5.2 and 8.5.3 if UE does not have set . UE is not required to perform beam failure detection on a deactivated SCell, and also not required to perform beam failure detection on resources which is implicitly configured for a deactivated SCell. When more than 2 periodic CSI-RS resources on a CC are configured in the set  for current SCell or implicitly configured in the set  for other SCell, it is up to UE implementation to select two of CSI-RS resources in active BWP in current CC to perform beam failure detection. UE is not required to perform beam failure detection on a SCell on which  is not configured. 




Observation 3: Current specification does not require the UE to perform BFD outside its active DL BWP. Therefore, for a FG6-1a capable UE, if the active DL BWP does not contain SSB or CSI-RS for BFD, the UE cannot perform BFD.  

Therefore, following answer to Question 1 of RAN2 LS is proposed as the following
Proposal 1: RAN1 to provide the following answer to Question 1 of RAN2 LS [1]
· From the current specification, it is NOT a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform RLM due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
· From the current specification it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM or BFD due to lack of necessary reference signal 

In order to support SSB based RLM/BM/BFD operation in case the UE active DL BWP does not contain SSB for UEs supporting BWP operation without SSB, following proposal has been heavily discussed in RAN1#109e [3], as copied below. 
	
Proposal 1 (R1-2205455):
· Introduce new Rel-16 UE capability(ies) for BWP operation without restriction with SSB that is within or outside the active DL BWP for RLM/BM/BFD without gap
· FFS: capability(ies) details and RAN1 spec impact (if any) until RAN1#110
· The capability(ies) does not change the following:
· CSI-RS measurement/reception procedures (i.e., CSI-RS is measured/received within the active DL BWP)
· RRM measurement procedures
· Inform the decision to RAN2/RAN4 


 
We are in general supportive of the direction to introduce new UE capability to handle the potential SSB based measurement outside active DL BWP, while it seems controversial from which release such new capability is introduced. This is a clean solution from our perspective since it does not change the existing UE behavior of FG6-1a thus avoid any potential NBC issue for existing products. We think it would be beneficial to introduce the new UE capability (e.g. FG6-1b) as early as possible (e.g. Rel-16) while we are open to discuss further if it could be acceptable to introduce it from Rel-17. 
Another controversy was whether such UE operation (i.e. SSB measurement outside its active DL BWP) requires measurement gap (or interruption), our preference is to introduce the new UE capability from Rel-16 (or Rel-17) without measurement gap for simplicity, while leaving the case requiring measurement gap to future releases, e.g. Rel-18. 
Supporting NCD-SSB for all UE types have been discussed in previous RAN2 and RANP meetings [4], which has been considered as an alternative solution for the issue of UE congestion around SSB. It would be more efficient than BWP without restriction from UE perspective if the NCD-SSB is already deployed in the network, so that all UEs can stay in a active BWP containing NCD-SSB without RF retuning or opening a larger RF bandwidth. It can also be discussed  in the Rel-18 timeframe. 
Proposal 2: Adopt the following proposal and reply the Question 2 of RAN2 LS and inform RAN4 accordingly
· Introduce new UE capability for BWP operation without restriction with SSB that is outside the active DL BWP for RLM/BM/BFD without gap
· TBD the new UE capability is introduced from Rel-16 or Rel-17
· RAN1 to work on the detailed specification changes accordingly
· The capability(ies) does not change the following:
· CSI-RS measurement/reception procedures (i.e., CSI-RS is measured/received within the active DL BWP)
· RRM measurement procedures
· The followings can be further discussed in later releases, e.g. Rel-18
· Potential additional new UE capability for BWP operation without restriction with SSB that is outside the active DL BWP for RLM/BM/BFD with gap
· Support of NCD-SSB for all UE types 
· Inform the decision to RAN2/RAN4

3. Conclusion
In this contribution, we discussed the issues related to BWP without restriction and potential answer to RAN2 LS. Based on the discussions, we have following observations and proposals. 
Observation 1: Current specification does not require the UE to perform RLM measurement outside its active DL BWP. Therefore, although specification does not prevent a UE to indicate FG 6-1a without FG1-7, the UE behavior for such case (active DL BWP without SSB) is undefined. And it is not a valid scenario for a UE to operate without RLM-RS within its active DL BWP. 
Observation 2: Current specification does not require the UE to perform BM related measurement outside its active DL BWP. Therefore, for a FG6-1a capable UE, if the active DL BWP does not contain SSB or CSI-RS for BM related measurements, the UE cannot perform BM related measurements. 
Observation 3: Current specification does not require the UE to perform BFD outside its active DL BWP. Therefore, for a FG6-1a capable UE, if the active DL BWP does not contain SSB or CSI-RS for BFD, the UE cannot perform BFD.  
Proposal 1: RAN1 to provide the following answer to Question 1 of RAN2 LS [1]
· From the current specification, it is NOT a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform RLM due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
· From the current specification it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM or BFD due to lack of necessary reference signal 
Proposal 2: Adopt the following proposal and reply the Question 2 of RAN2 LS and inform RAN4 accordingly
· [bookmark: _GoBack]Introduce new UE capability for BWP operation without restriction with SSB that is outside the active DL BWP for RLM/BM/BFD without gap
· TBD the new UE capability is introduced from Rel-16 or Rel-17
· RAN1 to work on the detailed specification changes accordingly
· The capability(ies) does not change the following:
· CSI-RS measurement/reception procedures (i.e., CSI-RS is measured/received within the active DL BWP)
· RRM measurement procedures
· The followings can be further discussed in later releases, e.g. Rel-18
· Potential additional new UE capability for BWP operation without restriction with SSB that is outside the active DL BWP for RLM/BM/BFD with gap
· Support of NCD-SSB for all UE types 
· Inform the decision to RAN2/RAN4
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