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Introduction
RAN#97 in September 2022 discussed the BWP without restriction question based on liaisons from RAN1 [3] and RAN4 [4]. RAN tasked RAN4 to investigate the identified alternatives [5] and concluded the following:
	RP-222630	Moderator's summary for discussion [97e-05-BWP-WithoutRestriction]	Vodafone
Conclusion: The following is endorsed:
· 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 RAN4 to do a high level analysis of the options (copied below) in RAN4’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



RAN4 worked a tasked in RAN4 meeting #104bis-e and #105 and sent the outcome of those discussions in an LS to RAN [6].


[bookmark: _Hlk510705081]Discussion
RAN4 work on the identified options lead to further split the option b) to sub-options leading to the following list [5]:
	· 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 RAN4 LS proceeds characetrizing the different options implications from 4 different angles:
· RRM requirements impact/workload in RAN4
· UE power consumption / UE complexity
· Mobility performance impact
· Throughput impact (Data interruption)

The RAN4 analysis on the above aspects is valuable information and helpful for understanding the different implications of the different UE implementation alternatives. However it is worth pointing out that the RAN4 analysis is focusing on individual UE implications and doesn’t put weight in system implementation and operational complexity aspects.
Additionally, it is worth noting that the options outlined by RAN#97 and RAN4 dicuss the RM/RLM/BFD (L1) measurements, but the RAN4 LS assesses also the impact on mobility (L3) measurements drawing a natural parallel between the two even if the outlined options do not spell the fact out. I.e. if there are interruptuptions or need for gaps due to L1 measurements, the same applies for L3 measurements.
[bookmark: _Hlk120804615]Observation 1: For each UE implementation option the assumptions made for L1 (BM/RLM/BFD) measurements can be applied to the L3 (mobility) measurements.

It is critical to note that the different UE implementation alternatives have quite different implications to the network implementation and operational management burden. In the following table we briefly outline these implications:
	Option
	Key observations

	A
	In existing deployments the UE is expected to autonomously and without interruptions perform L3 measurements for intra-freq mobility, and report measurement results according to the reporting configuration. The need for gaps in this case adds to the network complexity and to some extent reduces the UE throughput, making it less attractive to support BWPs without CD-SSB for UEs of this type.
The impact of the measurement gaps has not been assessed in RAN4, but UEs assigned with gaps are unavailable for any DL/UL transmissions within the gaps, that is, in the slots where the SSBs are in.
Additional CSI-RS for BM/RLM/RLF need to be transmitted for these UEs.
As measurement gaps are needed for intra-frequency mobility measurements for these UEs makes it unattractive for the network to configure this type of UE with BWP without SSB in it. It should be noted that intra-frequency measurements are performed continuously.

	B-1-1
	These UEs can be operated in the system the exact same way whether the SSB is within or outside of the active BWP. No need to deploy additional signals or channels, or need to manage interruptions or measurement gaps for L1 or L3 intra-frequency measurements [6]. 
There is no requirement for the UE to adjust the RF RX bandwidth to not receive the PRBs that are not within the active BWP. Hence when the SSB is outside of the active BWP, it is a matter of choice for the UE to include or exclude the SSB within its RX BW. I.e. all UEs should be able support this implementation alternative with less implementation and testing effort than any other alternative.
B-1-1 UE type is the most attractive solution for the network to provide support for the BWP without SSB.

	B-1-2
	In existing deployments the UE is expected to autonomously and without interruptions perform L1 and L3 measurements for BM/RLM/BFD and for intra-freq mobility, and report measurement results according to the reporting configurations. The impact of the additional interruptions due to L1 and intra-freq L3 mobility measurements have not been analyzed. At best it may be possible to operate these UEs in the system without specifically considering the impact of the interruptions, but at worst the interruptions could render this UE implementation alternative unusable in a BWP without SSB in it. E.g. these UEs are unavailable for any DL transmissions (including UL scheduling) in the slots where the SSBs are in, and the interruptions could also impair the UE’s ability to transmit in the uplink in these slots.
The UE support of B-1-1 or B-1-2 is a matter of RF Rx bandwidth configuration. The B-1-2 comes with the additional UE implementation burden of dynamically adapting the Rx BW for SSB measurements.
Depending on the impact of the interruptions and the possible need for network to implement mitigating actions, it may be unattractive for the network to configure this type of UE with BWP without SSB in it.

	B-2-2
	In existing deployments the UE is expected to autonomously and without interruptions perform L1 and L3 measurements for BM/RLM/RLF and intra-freq mobility, and report measurement results according to the reporting configurations. The need for gaps in this case adds to the network complexity and to some extent reduces the UE throughput, making it less attractive to support BWP without SSB for UEs of this type.
The impact of the measurement gaps has not been assessed in RAN4, but UEs assigned with gaps are unavailable for any DL/UL transmissions within the gaps, that is, in the slots where the SSBs are in.
The UE support of B-1-1 or B-2-2 is a matter of RF Rx bandwidth configuration. Solution B-2-2 comes with the additional UE implementation burden of dynamically adapting the Rx BW for SSB measurements.
As additional dedicated measurement gaps are needed for BM/RLM/RLF and intra-frequency mobility measurement gaps are needed for these UEs will increase the network complexity in gap configuration and planning for ensuring proper UE behaviour, makes this solution less attractive for the network (configuring this type of UE with BWP without SSB in it)

	C
	Narrowing the Rx BW to exclude the CD-SSB and relying on the NCD SSB (i.e. implementing Option C instead of Option B-1-1) is a matter of RF Rx BW configuration and does not add any UE implementation simplification, but adding to the testing burden as such UEs can only be tested if NCD-SSB is deployed.
Additional NCD-SSB need to be transmitted due to these UEs across the full network on the carrier to allow for both L1 and L3 measurements without interruptions or need for intra-frequency measurement gaps. The presence of the new NCD-SSB is an additional overhead that must be broadcast regardless of whether or not there are UEs needing the NCD-SSB in this cell. This reduces the cell throughput in all cells and adds implementation burden to the system making it less attractive for the network to configure this type of UE with BWP without CD-SSB in it.
To make this solution practically useful in the field all UEs would need to support NCD-SSB.



[bookmark: _Hlk120804605]Observation 2: The UE implementation alternative B-1-1 is a “matter of choice” implementation for the UE, with no need for dynamic Rx BW adaptation, interruptions or gap management. 
Observation 3: The UE implementation alternative B-1-1 is by far the most compatible with existing deployments and thus the most attractive for the network to implement support for active BWP not containing the SSB for.

The analysis and the related observations lead us to make the following proposal:’
Proposal: Consider UE implementation option B-1-1 as the solution for BWP not containing the (cell-defining) SSB.
· 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

Conclusion
In this contribution the following observations are made on different UE implementation alternatives identified by RAN4 [6] for operation of BWP without the (cell-defining) SSB in it:
Observation 1: For each UE implementation option the assumptions made for L1 (BM/RLM/BFD) measurements can be applied to the L3 (mobility) measurements.
Observation 2: The UE implementation alternative B-1-1 is a “matter of choice” implementation for the UE, with no need for dynamic Rx BW adaptation, interruptions or gap management. 
Observation 3: The UE implementation alternative B-1-1 is by far the most compatible with existing deployments and thus the most attractive for the network to implement support for active BWP not containing the SSB for.
The analysis and the related observations lead us to make the following proposal:’
Proposal: Consider UE implementation option B-1-1 as the solution for BWP not containing the (cell-defining) SSB.
· 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
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