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1 	Introduction
In the previous meeting, RAN4 reached consensus on BWP operation without restrictions, which was sent in an LS to RAN2 and RANP [1], as given below: 
	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.
Answer:
From the existing RAN4 specification point of view, it is not a valid scenario.
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.
Answer:
RAN4 has examined the Rel-15, Rel-16 and Rel-17 specs. The following possible solutions for the issue are identified.
· Perform BM/RLM/BFD based on CSI-RS within active BWP 
· RAN4 has requirements to support BM/RLM/BFD based on CSI-RS within active BWP and no spec change is needed
· Following potential independent implementations/features requires either existing RAN4 requirements to be updated or new requirements to be developed.
· Perform BM/RLM/BFD based on SSB outside active BWP
· UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped with a separate RF chain
· BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or dedicated MG or NCSG for RLM/BFD/BM measurements. 
· NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
Note: RAN4 does not reach consensus on whether to work on the above items in Rel-17 including to update the existing RAN4 requirements or to develop new requirements



The above outcome was discussed in Meeting RAN#97-e and the guidance on how to progress is captured below [2]: 
	Conclusion:
· No new solution for FG 6-1a shall be added to Rel-17
· If CSI-RS based RLM/BM/BFD are supported by a UE, FG6-1a can work without any issue. FG1-7 (CSI-RS based RLM) and FG 2-24 (SSB/CSI-RS for beam measurement) are mandatory with capability signalling features.
· No change to TU allocation for current RAN4 work in Q4 2022. 
· RAN asks RAN 4 to do a high level analysis of the options (copied below) in RAN 4’s answer to Q2 in RP-221911 and report it to RAN#98 for RAN decision.
Options from RP-221911:
a) Perform BM/RLM/BFD based on CSI-RS within active BWP
b) Perform BM/RLM/BFD based on SSB outside active BWP
i)  UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped 
    with a separate RF chain
ii)  BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or
    dedicated MG or NCSG for RLM/BFD/BM measurements.
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


Therefore, in this contribution paper, we provide analysis and discussion on the feasibility of performing BM/RLM/BFD on reference signals that are not contained within the active BWP following the RAN plenary guidance. 
2 Discussion
In order to assess the feasibility of performing measurements without SSB in the active BWP, we assess the methods of performing measurements within the BWP or outside the BWP, which are (i) measurements based on CSI-RS within active BWP, (ii) using NCD-SSB within the active BWP, (iii) measurement based on SSB outside the active BWP (using legacy gaps, or NCSG, or using wider RF BW or idle RF chain to perform gapless measurements). The assessment is based on (i) the change impact on RAN4 spec, (ii) whether the solution is already in real field, (iii) the UE power consumption, (iv) mobility performance, and (v) whether it is a unified solution for both Non-RedCap and RedCap UEs. 
Proposal 1: [bookmark: _Ref115357801]RAN4 shall use the following criteria to provide high-level analysis for the possible solutions to allow the UE to operate with BWP without, which are: (i) the change impact on RAN4 spec, (ii) whether the solution is already in real field, (iii) the UE power consumption, (iv) mobility performance, and (v) whether it is a unified solution for both Non-RedCap and RedCap UEs.
2.1. Measurements based on CSI-RS
RAN4 spec impact: Based on the requirements in RAN4 specification (TS 38.133), the BM/RLM/BFD measurements can be performed based on CSI-RS contained within the BWP. For BM/RLM/BFD based CSI-RS in FR1 the existing requirements in RAN4 can be directly applied with no additional changes is needed to perform the required measurements for the case of active BWP without SSB. 
[bookmark: _Ref110542647]Whether the solution is implemented in the field? It should be also noted that the CSI-RS solution has been already implemented in the real field for the 5G NR network and UE side as well. Hence, the CSI-RS based measurement can be considered as a ready and reliable solution. 
UE power consumption: Given that the reference signals are already in the active BWP, hence there is no need for the UE to perform measurement gaps or RF retuning or BWP switching. Therefore, the power consumption is equivalent to that of measuring CD-SSB within the active BWP. 
Mobility performance (extra delay in L1 measurement): using CSI-RS for BM/RLM/BFD measurements has no additional delay on L3/L1 measurements compared to using CD-SSB. 
Unified solution for all 5G NR UEs: Given that this discussion on BWP without restrictions is extended to Rel-18 as well, hence we believe it is important to consider whether this solution is feasible for all 5G NR UE including non-RedCap and RedCap UEs. In general, if the CSI-RS is provided in the BWP then the existing requirements can be applied to all UEs (i.e. both non-RedCap and RedCap UEs).
2.2. Measurements based on NCD-SSB
RAN4 spec impact: The existing RAN4 requirements specify that the UE is not required to perform BM/RLM/BFD outside the active BWP. Now, if the NCD-SSB is contained within the active BWP then the existing requirements in RAN4 can be directly applied with no additional changes is needed to perform the required measurements for the case of active BWP without CD-SSB. 
Whether the solution is implemented in the field? It should be also noted that the NCD-SSB solution is completed in terms of the RAN4 specification in Rel-17, however, the implementation in real field has not been completed yet. 
UE power consumption: Given that the reference signal (i.e. NCD-SSB) is already in the active BWP, hence there is no need for the UE to perform measurement gaps or RF retuning or BWP switching. Therefore, the power consumption is equivalent to that of measuring CD-SSB within the active BWP. 
Mobility performance (extra delay in L1 measurement): using NCD-SSB for BM/RLM/BFD measurements has no additional delay on L3/L1 measurements compared to using CD-SSB. 
Unified solution for all 5G NR UEs: In general, if the NCD-SSB is provided in the active BWP then the existing requirements can be applied to all UEs (i.e. both non-RedCap and RedCap UEs) with no additional change in existing RAN4 specifications.
2.3. Measurements based on SSB outside the active BWP
The existing RAN4 requirements specify that the UE is not required to perform BM/RLM/BFD outside the active BWP. Hence, in order to perform BM/RLM/BFD outside the active BWP RAN4 need to discuss the possible UE implementation to perform measurements outside BWP. Based on discussion from previous meetings, three possible UE implementations can be used to perform measurement outside active BWP, which are: (i) using legacy rel-15/rel-16 measurement gaps; (ii) using interruption (i.e., small gap) to enlarge the UE BW to cover both active BWP and SSB outside active BWP at the time of performing BM/RLM/BFD (i.e., measuring SSB symbols); and (iii) the UE always operate in wideband bandwidth to cover both the active BWP and the SSB outside the active BWP. 
2.3.1. [bookmark: _Ref110518343]Using legacy rel-15/rel-16 MG
The conventional method to measure CD-SSB outside the active BWP is to use RF retuning to the BWP that contain CD-SSB. In order to achieve that, measurement gaps are needed, which gives the UE the permission to pause the data transmission and reception and to perform RF retuning. We assess this method on different aspects.
RAN4 spec impact: The existing RAN4 requirements specify that the UE is not required to perform BM/RLM/BFD outside the active BWP, which means there is no existing MG requirements to allow the UE to measure outside its BWP. Yet, we believe adding such new requirements to allow the UE to measure with MG could require some work and discussion (e.g., on measurement delay and CSSF), which can be considered as medium/average workload.
Whether the solution is implemented in the field? It should be also noted that the MG is implemented for L3 measurement. However, for L1 as mentioned above, there is no existing requirements nor implementation for it so far.
UE power consumption: Given that the power consumption depends on the RF BW and processing BW and given that the BW of the UE is not changed during the RF retuning. Hence, the power consumption is considered to be low, which comes from the RF retuning only. 
Mobility performance (extra delay in L1 measurement): given that a single measurement gap is expected to be shared by L1/L3 measurements for multiple intra-/inter-frequency layers in a TDM manner. We believe that both L3 and L1 measurement delay will be extended, compared to Rel-15/16 requirements. Hence, using MG could impact the mobility performance of the UE.
Unified solution for all 5G NR UEs: In general, if the legacy rel-15/rel-16 MG is used then the existing requirements or the new requirements can be applied to all UEs (i.e. both non-RedCap and RedCap UEs).
2.3.2. [bookmark: _Ref110540949]Using small gap to allow the UE to enlarge the BW
Another UE implementation to perform BM/RLM/BFD outside the active BWP is to enlarge the BW of the UE at the time of performing SSB measurement outside the active BWP (i.e., the UE operates in narrow band, which is the BWP size, for the non-SSB symbols then enlarge the BWP at the time when measuring SSB during the SSB symbols). Given that enlarging the UE BW require enlarging the UE RF BW, hence, some interruption is needed before and after the UE BW change. In other words, a small gap is needed for the UE to reconfigure the RF/BB BW. The main advantage of this UE implementation is having a UE with high power efficiency compared to the scenario of using large BW at all time (i.e., the UE implementation in previous subsection 2.3.1). Nevertheless, existing RAN4 requirements do not cover the UE to perform BM/RLM/BFD outside the active BWP with small gaps, yet. Therefore, RAN shall introduce a new optional capability to allow the UE to perform BM/RLM/BFD based on the SSB outside the active BWP with a small gap. Also, RAN4 needs to decide which existing requirements can be used as a baseline for the small gap, hence, we provide our analysis and conclusion in the next subsection. 
RAN4 spec impact: The L3 measurement requirements for NCSG have been already completed in Rel-17 and there is already a foundation for RAN4 to further consider L1 measurements. Therefore, RAN4 can leverage Rel-17 NCSG to design a new UE capability to perform BM/RLM/BFD measurements based on SSB outside of the UE active BWP.
Whether the solution is implemented in the field? for L1 as mentioned above, there is no existing requirements nor implementation for it so far.
UE power consumption: Given that the power consumption depends on the RF BW and processing BW and given that the BW of the UE is changed during the measurement period ML. Hence, the power consumption is considered to be medium, which comes from the increased BW at the time of measuring SSB. 
Mobility performance (extra delay in L1 measurement): given that the UE can continue its reception on serving cells during the period ML, hence, using NCSG may not impact the mobility performance of the UE. 
Unified solution for all 5G NR UEs: As mentioned above that NCSG is based on enlarging the BW to measure SSB outside the active BWP and given that the RedCap BW can be up to 20MHz, hence, the NCSG solution can not be unified to all non-RedCap and RedCap UEs.
2.3.3. Using large BW at all times or additional RF
One straight forward UE implementation is to use large BW that cover both the active BWP and the SSB outside that BWP, hence, the UE can perform BM/RLM/BFD without any interruption or gaps. Yet, this means the UE BW can be up to 100MHz for FR1 regardless of the active BWP size. While another implementation is to have additional RF chain to measure SSB outside the active BWP.
RAN4 spec impact: enlarging the UE BW to cover both active BWP and CD-SSB at all times is currently not covered as an option to measure BM/RLM/BFD, hence some spec adaptation is needed to cover this change. 
Whether the solution is implemented in the field? for BM/RLM/BFD measurements as mentioned above, there is no existing requirements nor implementation for it so far.
UE power consumption: using large BW at all time (or an additional RF chain) comes at the cost of high-power consumption, which results in having UE with least power efficiency compared to the all other methods discussed in this contribution paper.
Mobility performance: given that the UE can continue its reception during the period ML, hence, using large BW will not impact the mobility performance of the UE.
Unified solution for all 5G NR UEs: As this method requires either using larger BW to cover the active BWP and the CD-SSB or using additional RF chain, while the RedCap BW can be up to 20MHz with limited RF chain, hence, this solution solution can not be unified to all non-RedCap and RedCap UEs.
Further to the above analysis, using wider BW contradicts the main purpose to use FG6-1a, which allows the UE to operate in a smaller BW and save power.
2.4. Conclusions of the high-level analysis 
Based on the above discussion and analysis, we can provide the following observation.
Observation 1: [bookmark: _Ref78929202]RAN4 can provide the summary and conclusion of all assessment for all the methods studied above in the following table:
	
	CSI-RS
	NCD-SSB
	Using CD-SSB outside BWP

	
	
	
	Legacy rel-15/rel-16 MG
	NCSG
	Wider BW or additional RF

	RAN4 spec impact
	No
	No
	Med
	Med
	Minor

	Already implemented in Real field 
	Yes
	No
	No for L1
	No
	No

	Higher UE power consumption 
	No
	No
	Low
	Med
	High

	Impact on mobility performance
	No
	No
	Yes
	No
	No

	Unified solution (both RedCap and non-RedCap)
	Yes
	Yes
	Yes
	No
	No



Based on this analysis, RAN4 provide the following proposal.
Proposal 2: [bookmark: _Ref115358048]RAN4 suggest ranking the methods under study from the best option to the worst option as:
1. [bookmark: _Ref115358107]Perform BM/RLM/BFD based on CSI-RS within active BWP.
2. [bookmark: _Ref115358113]NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible.
3. [bookmark: _Ref115358120]Perform BM/RLM/BFD based on SSB outside active BWP:
a. [bookmark: _Ref115358127]Using Legacy rel-15/rel-16 MG.
b. [bookmark: _Ref115358132]Using NCSG.
c. [bookmark: _Ref115358135]Enlarge BW or using additional RF.
3 LS response to RAN Plenary
Proposal 3: [bookmark: _Ref101648402]RAN4 shall respond to RAN plenary with the following response:
	1. Overall Description:
RAN4 has discussed the conclusion from RANP, and have reached the following conclusions:
RAN4 did high-level analysis based on various criteria: 
· RAN4 spec impact.
· Whether the solution is already implemented in Real field.
· Power consumption. 
· Mobility performance (extra delay).
· Unified solution for all 5G NR UE (i.e. both non-RedCap and RedCap UEs).

RAN4 has the following views:
	
	CSI-RS
	NCD-SSB
	Using CD-SSB outside BWP

	
	
	
	Legacy rel-15/rel-16 MG
	NCSG
	Wider BW or additional RF

	RAN4 spec impact
	No
	No
	Med
	Med
	Minor

	Already implemented in Real field 
	Yes
	No
	No for L1
	No
	No

	Higher UE power consumption 
	No
	No
	Low
	Med
	High

	Impact on mobility performance
	No
	No
	Yes
	No
	No

	Unified solution (both RedCap and non-RedCap)
	Yes
	Yes
	Yes
	No
	No



Based on this analysis, RAN4 suggest ranking the methods under study from the best option to the worst option as:
1. Perform BM/RLM/BFD based on CSI-RS within active BWP.
2. NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible.
3. Perform BM/RLM/BFD based on SSB outside active BWP:
a. Using Legacy rel-15/rel-16 MG.
b. Using NCSG.
c. Enlarge BW or using additional RF.

2. To RAN plenary group. 
ACTION: RAN4 kindly ask RAN to take the above into consideration.



4 Summary
[bookmark: _Ref92572437]In this contribution, discussion on the response to RANP is provided, and we have the following observations: 
Observation 1: RAN4 can provide the summary and conclusion of all assessment for all the methods studied above in the following table:
	
	CSI-RS
	NCD-SSB
	Using CD-SSB outside BWP

	
	
	
	Legacy rel-15/rel-16 MG
	NCSG
	Wider BW or additional RF

	RAN4 spec impact
	No
	No
	Med
	Med
	Minor

	Already implemented in Real field 
	Yes
	No
	No for L1
	No
	No

	Higher UE power consumption 
	No
	No
	Low
	Med
	High

	Impact on mobility performance
	No
	No
	Yes
	No
	No

	Unified solution (both RedCap and non-RedCap)
	Yes
	Yes
	Yes
	No
	No



Also, we have the following proposals:
Proposal 1: RAN4 shall use the following criteria to provide high-level analysis for the possible solutions to allow the UE to operate with BWP without, which are: (i) the change impact on RAN4 spec, (ii) whether the solution is already in real field, (iii) the UE power consumption, (iv) mobility performance, and (v) whether it is a unified solution for both Non-RedCap and RedCap UEs.
Proposal 2: RAN4 suggest ranking the methods under study from the best option to the worst option as:
· Perform BM/RLM/BFD based on CSI-RS within active BWP.
· NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible.
· Perform BM/RLM/BFD based on SSB outside active BWP:
· Using Legacy rel-15/rel-16 MG.
· Using NCSG.
· Enlarge BW or using additional RF.
Proposal 3: RAN4 shall respond to RAN plenary with the following response:
	1. Overall Description:
RAN4 has discussed the conclusion from RANP, and have reached the following conclusions:
RAN4 did high-level analysis based on various criteria: 
· RAN4 spec impact.
· Whether the solution is already implemented in Real field.
· Power consumption. 
· Mobility performance (extra delay).
· Unified solution for all 5G NR UE (i.e. both non-RedCap and RedCap UEs).

RAN4 has the following views:
	
	CSI-RS
	NCD-SSB
	Using CD-SSB outside BWP

	
	
	
	Legacy rel-15/rel-16 MG
	NCSG
	Wider BW or additional RF

	RAN4 spec impact
	No
	No
	Med
	Med
	Minor

	Already implemented in Real field 
	Yes
	No
	No for L1
	No
	No

	Higher UE power consumption 
	No
	No
	Low
	Med
	High

	Impact on mobility performance
	No
	No
	Yes
	No
	No

	Unified solution (both RedCap and non-RedCap)
	Yes
	Yes
	Yes
	No
	No



Based on this analysis, RAN4 suggest ranking the methods under study from the best option to the worst option as:
4. Perform BM/RLM/BFD based on CSI-RS within active BWP.
5. NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible.
6. Perform BM/RLM/BFD based on SSB outside active BWP:
a. Using Legacy rel-15/rel-16 MG.
b. Using NCSG.
c. Enlarge BW or using additional RF.

2. To RAN plenary group. 
ACTION: RAN4 kindly ask RAN to take the above into consideration.
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