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1. Introduction
In the RAN#98 meeting, there was discussions for BWP operation without restriction. Though it was decided what option(s) should be supported, there was agreement to discuss in RAN4 if Option A should be improved and completed if needed. The agreement is captured in the moderator summary [1]. 
	Note: from the NWM discussions, we have agreement that
“Companies with concerns about the completeness of Option A should submit contributions to RAN 4. RAN requests RAN 4 to treat any such documents.”


In this meeting, a dedicate agenda was assigned for this.
	12.1 BWP without restriction
* Only contribution related to concerns about the completeness of Option A. No further discussions on Option B and C are expected.


In this contribution, we provide our views on timing requirements for option A.
2. [bookmark: _Hlk73468315]Discussion
In the RAN#97 meeting, RAN asks RAN4 to do a high-level analysis of the options in RAN4’s answer to Q2 in RP-221911 and report it to RAN#98 for RAN decision. RAN4 had done the high-level analysis in the two RAN4 meetings in Q4 2022. 
In the RAN4#105 meeting, RAN4 reached agreements on high-level analysis of down-selected options as follows. The conclusion was reported to RAN plenary meeting in the RAN4 LS [2].
	· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD



The high-level analysis on RRM requirements impact was summarized in Table 1 in LS report to RAN plenary [2]. For option A, it was summarized that timing requirements may need update.
Table 1: High-level analysis of candidate options on RRM requirements impact/workload in RAN4
	Options
	Technical analysis

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· Further study is needed to decide on whether timing requirements may need to be updated



According to Issue 1-1a in topic summary [3] for RAN task on BWP operation without restriction, there are diverse views on how existing timing requirements are interpreted or can be further improved for the case where SSB is not in the active BWP.
	Issue 1-1a: Technical analysis of RRM requirements impact for Option A)
· Proposals
· Option 1: RRM requirements for Option A) have already been specified.
· Option 2: 
· Spec update is needed because there is no CSI-RS based UE UL Timing Requirement when SSB is not available to UE 160ms before UL transmissions.
· Further investigation is needed for the case where UE still needs an SSB reception within active BWP because the root source of QCI chain of the CSI-RS is always SSB.
· Option 3: 
· CSI-RS based RLM/BFD/BM requirements are already specified.
· For timing requirements
· Alt 1: Whether to introduce timing tracking requirement based on CSI-RS.
· Alt 2: FFS Specify new timing requirements based on other reference signals
· Alt 3: Timing including UL and DL timing need to be further studied
· Alt 4: Timing requirements based on SSB outside active BWP need further discussion.
· Specify new conditions, or
· Specify new timing requirements based on other reference signals
· Alt 5: Applicability of timing requirements needs to be clarified.
· Alt 6: Timing can be derived based on CSI-RS up to UE implementation.
· Alt 7: The UE shall meet timing requirements based on SSB. The existing condition on the availability of the SSB every 160 ms is to meet the timing requirements. No further clarification is needed.
· Alt 8: Time tracking can be done based on TRS and having CD-SSB within the active BWP is not a mandatory deployment requirement.
· Alt 9: There is no need to change the existing timing requirements
· When the UE needs to measure the L3 measurements and switch with MG or NCSG to measure the CD-SSB then the UE can perform timing estimation on that SSB



According to existing requirements, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. In our understanding, the requirements were only specified for UE supporting FG 6-1 that there should always be SSB within active BWP. There longest periodicity of SSB is 160ms. So, availability of SSB with 160ms can always be guaranteed.
For UE supporting FG 6-1a, in our view there are no timing requirements being specified when CD-SSB is not in the active BWP.
For RedCap UE, it was agreed that when SSB (including both CD-SSB and NCD-SSB) is not within the active BWP measurement gap should be configured. 
	The UE shall meet the Te requirement for an initial transmission provided that at least one SSB (CD-SSB or NCD-SSB) is available at the UE for acquiring the frame timing of the reference cell during the last 160 ms on the condition that:
-	the SSB is within the UE’s active BWP, or 
-	the SSB is not within the UE’s active BWP, and the measurement gap is configured.


However, no similar conditions are specified in existing timing requirements for normal UE. Moreover, even if measurement gap is configured, e.g., for intra-frequency measurement, the gap periodicity could be configured as 160ms, or periodicity of SSB itself could be 160ms. There could also be other inter-frequency measurements on multiple frequency layers with gap being configured. In these cases, UE may not be able to meet timing tracking requirements as SSB may not be available for the UE during 160ms due to that gap would be used for measurements on other frequency layers. Otherwise, measurement delay requirements for inter-frequency layers may not be met.
The same issue was also raised for RedCap and was discussed for several RAN4 meetings. In the last RAN4 meeting, no further update on other condition was agreed when SSB is not in the active BWP.
Observation 1: For existing timing requirements based on 160ms SSB availability, at least it needs further clarification that measurement gap should be configured when there is no SSB within the UE’s active BWP. 

It can be further discussed whether additional clarification is needed, e.g., under what condition 160ms SSB availability can always be guaranteed when measurement gap is configured. There was also view that when SSB is not available during 160ms period, then the UE is not required to meet uplink transmission timing requirements. It is network’s responsibility to guarantee that at least one SSB is available during 160ms period by configuring SSB periodicity, measurement gap periodicity, number of MOs to be measured in measurement gap and gap sharing factors etc. correctly. 
However, there could be issues with such interpretation of timing requirements. When 160ms SSB availability is not guaranteed in practical network, either UE cannot meet uplink transmission timing requirements or UE cannot meet intra-frequency/inter-frequency measurement requirements. Neither is expected in practical network. Furthermore, uplink transmission timing requirements are not about uplink timing only, it is also related to downlink timing tracking. If timing requirements cannot be met, then both downlink and uplink demodulation performance will be degraded.
Therefore, it should be necessary guidance to add clarification what factors could impact the availability of SSB when measurement gap is configured.
Observation 2: It is better to further clarify the SSB availability is depending on what factors, if possible. 

There were also new solutions being proposed for UE to acquiring timing, e.g., using TRS/CSI-RS for downlink timing tracking. It is new solution and is not the basis for existing timing requirements. This was discussed before in RedCap WI. The understanding was that it would take long discussions in RAN4 to define the requirements.
Furthermore, SSB outside active BWP should still be needed for the UE as the SSB is the QCL source for TRS/CSI-RS as proposed in option 2 of Issue 1-1a above.
Observation 3: Introducing new solution for timing requirements based on CSI-RS/TRS would take long discussions in RAN4.
Observation 4: Even for TRS/CSI-RS based timing tracking, UE may still need to measure SSB outside active BWP for acquiring QCL information.

Based on above analysis, following proposals are present.
Proposal 1: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM, it needs further discussion how UE can meet timing requirements when SSB is outside active BWP.
Proposal 2: At least it is necessary to clarify in existing requirements that measurement gap should be configured when there is no SSB within the UE’s active BWP.
Proposal 3: FFS whether further clarification, in addition to measurement gap, should be specified to guarantee the 160ms availability of SSB.

3. Summary
In this contribution, we provided our views on timing requirements for option A. Based on above analysis, following proposals and observations are present.
Observation 1: For existing timing requirements based on 160ms SSB availability, at least it needs further clarification that measurement gap should be configured when there is no SSB within the UE’s active BWP. 
Observation 2: It is better to further clarify the SSB availability is depending on what factors, if possible. 
Observation 3: Introducing new solution for timing requirements based on CSI-RS/TRS would take long discussions in RAN4.
Observation 4: Even for TRS/CSI-RS based timing tracking, UE may still need to measure SSB outside active BWP for acquiring QCL information.

Proposal 1: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM, it needs further discussion how UE can meet timing requirements when SSB is outside active BWP.
Proposal 2: At least it is necessary to clarify in existing requirements that measurement gap should be configured when there is no SSB within the UE’s active BWP.
Proposal 3: FFS whether further clarification, in addition to measurement gap, should be specified to guarantee the 160ms availability of SSB.


4. [bookmark: _Hlk4777878]References
[1] RP-223506	Moderator's summary of discussion [98e-30-BWP-WithoutRestriction], Vodafone
[2] R4-2220437	LS on BWP operation without bandwidth restriction, vivo, RAN4, RAN4#105
[3] R4-2220078	Topic summary for [105][232] RAN_task_RRM, Moderator (vivo)

 5 / 8

