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Introduction
RAN4 received an LS from RAN2 in [1] with some questions regarding BM/RLM/BFD. The reply LS was discussed in RAN4#103-e, however, the LS reply was not agreed. A WF to further study the feasibility of UE performing BM/RLM/BFD outside the active BWP was agreed [2]. In this paper we analyze the part left FFS in the WF [2].
Discussion
The reply LS to [1] was discussed and the reply to the first question from RAN2 was in principle agreed [2]. The answer to the second question was not agreed due to the controversy over the feasibility of performing BM/RLM/BFD(BFD includes all related procedures for beam re-establishment such as CBD) if the reference signals are not within the active BWP as currently required by the specifications. A WF to further study the feasibility of performing measurements if the reference signals are not contained within the active BWP was agreed [2]. 
The feasibility of performing BM/RLM/BFD if the SSB is outside the BWP was already briefly analyzed in [3]. The current RAN4 requirements for RLM clearly stipulate that “UE is not required to perform RLM outside the active DL BWP” (TS 38.133, clause 8.1.1) and all the requirements related to RLM/BFD are defined under the condition that  the reference signals to be used are “actually transmitted within UE active DL BWP during the entire evaluation period” (text can be found 24 times in TS 38.133 in Clause 8 related to RLM/BFD requirements). These conditions were introduced based on a RAN1 agreement from Rel.15 that the UE is not required to perform RLM outside the active BWP. Hence, all current RAN4 requirements are developed under the assumption that some RLM-RS will be available in the active BWP. However, this limitation is somewhat artificial and has no relationship to actual implementation feasibility. 
Observation 1: Current RAN4 requirements are artificially limited to the case when RLM-RS is transmitted within the active BWP, however, this is not related to implementation feasibility.
From a UE operation point of view, it would be possible for the UE to also receive reference signals (e.g. SSB) that are transmitted outside the active BWP as long as the UE RF and baseband bandwidth are wide enough to cover the entire bandwidth containing the active BWP and the reference signals. If the UE supports a channel bandwidth that covers the bandwidth containing the active BWP and the reference signals to be used for RLM/BFD, it could keep its RF and baseband bandwidth wide enough to cover all these signals and process all of them at the same time. From a UE operation point of view, this would be the same as processing a wider bandwidth that is supported by the UE.
Observation 2: It is feasible for the UE to process both the signals within the active BWP and the configured reference signals outside the BWP if the UE supports a channel BW that spans both.
As stated earlier, the current requirements for BM/RLM/BFD are defined under the condition that the reference signals for RLM/BFD are transmitted within the active BWP, however, the UE could configure its bandwidth to receive both the active BWP and the reference signals for BM/RLM/BFD (whether this is this optimal mode of operation from a system or UE point of view is beyond this discussion). From a UE point of view, this mode of operation is the same as if the reference signals were contained within the active BWP. The UE is capable of processing all the signals concurrently, hence, from a UE operation and requirements standpoint, the same procedures and requirements as the “baseline” case when all signals are within the active BWP would apply.
Observation 3: From a UE operation and requirements point of view, configuring the bandwidth to receive both the active BWP and the reference signals is same as receiving all signals within the active BWP.
In RAN4#103-e it was argued that since requirements for RLM/BFD are only developed under the condition that reference signals are withing the active BWP, requirements do not apply under different conditions and it is not clear whether implementation is feasible or not. It is true that RAN4 requirements were never discussed under different scenarios, however, UE operation if reference signals were outside the active BWP but still within the UE bandwidth is straightforward. Therefore, applicable requirements would also be straightforward. If such a scenario were to be introduced, RAN4 would have to make some changes to the specifications to clarify that the same requirements as in the case when reference signals are transmitted within the active BWP apply. These requirements would include mobility measurements(if configured on the reference signals on which UE also performs RLM), RLM, BFD, scheduling restrictions related to these measurements, etc.
Observation 4: If a scenario in which the UE would process concurrently signals within the active BWP and reference signals outside the active BWP were to be introduced, clarifications and applicability changes to the RAN4 specifications would be required.
Further optimizations (from a UE power consumption or system performance point of view) such as use of NCSG or interruptions could also be discussed. As these are likely to be extensions of current use cases, the requirements for measurements/RLM/BFD would most likely also be some combinations of existing requirements for these procedures. 
Based on all the above considerations, it can be concluded that from a UE implementation point of view, it is feasible for the UE to perform BM/RLM/BFD when the active BWP does not contain the reference signals used for RLM/BFD (e.g. SSB). The UE operation is the same as when these signals are withing the active BWP.
The proposed reply to the RAN2 LS is presented in the Annex.
Conclusion
In this paper we discussed replies to the RAN2 questions in [1] and the feasibility of UE implementation when the reference signals used for BM/RLM/BFD are not within the active BWP. we made the following observations:
Observation 1: Current RAN4 requirements are artificially limited to the case when RLM-RS is transmitted within the active BWP, however, this is not related to implementation feasibility.
Observation 2: It is feasible for the UE to process both the signals within the active BWP and the configured reference signals outside the BWP if the UE supports a channel BW that spans both.
Observation 3: From a UE operation and requirements point of view, configuring the bandwidth to receive both the active BWP and the reference signals is same as receiving all signals within the active BWP.
Observation 4: If a scenario in which the UE would process concurrently signals within the active BWP and reference signals outside the active BWP were to be introduced, clarifications and applicability changes to the RAN4 specifications would be required.
Hence, it can be concluded that from a UE implementation point of view, it is feasible for the UE to perform BM/RLM/BFD when the active BWP does not contain the reference signals used for RLM/BFD (e.g. SSB). The UE operation is the same as when these signals are withing the active BWP. 
The proposed reply to the RAN2 LS is presented in the Annex.
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Annex
Draft LS reply to RAN2:
1. Overall Description:
RAN4 thanks RANs for the LS in R2-2204009. RAN4 has discussed the questions from RAN2 and would like to provide the following replies:
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.
RAN4 Reply:
From a RAN4 specification point of view, the scenario in which UE does not perform BM/RLM/BFD is not valid. 

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.
RAN4 Reply:
RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP.
From a UE implementation point of view, it would be feasible for the UE to perform BM/RLM/BFD outside the active BWP if it supports a channel bandwidth that covers the active BWP and the RSs configured for measurements. However, such scenario was never discussed in RAN4 and is not covered by the RAN4 specifications. 
2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account.
3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #104-e		August 15 – August 26		Electronic Meeting
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