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Introduction
In this paper we present our high-level analyses on previously agreed options from four different perspectives.
Discussion
In the previous RAN4 meeting, options for high-level analysis were restructured as below:
· 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-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-1) Shared MG or NCSG for RLM/BFD/BM and L3 measurement
· 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

And the following components were agreed for the high-level analysis:
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity

Based on the discussion conducted in the past RAN4 meetings and our observations presented in the last meetings, we propose the following.
Proposal 1: RAN4 to include the following observations in a reply-LS to RAN:
1) RRM requirements impact (Spec impact) / workload in RAN4
· Option A:
· 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.
· Summary of Impact: Low to Mid
· Option B-1-1 and B-1-3:
· A simple update of applicability rule to RRM spec is needed. (See Annex of the paper)
· Summary of Impact: Low
· Option B-1-2 and B-1-4:
· A simple update of applicability rule to RRM spec is needed. (See Annex of the paper)
· Additionally, interruption requirements should be discussed and defined.
· Summary of Impact: Mid to High
· Option B-2-1: 
· In-depth discussion is needed to define MG sharing requirements between L1 and L3
· Summary of Impact: High
· Option B-2-2: 
· In-depth discussion is needed to define MG selection rule between L1 and L3 when colliding
· Cross-working group impact is expected for a new dedicated MG
· Summary of Impact: High
· Option C: 
· A simple update of applicability rule to RRM spec is needed.
· Further investigation is needed to verify an impact on “L1 filtering upon BWP switching” and “interaction between L1 and L3 measurements based on NCD-SSB and CD-SSB”
· Summary of Impact: Low to Mid
2) Mobility performance impact
· Option A: 
· Legacy intra-frequency L3 measurements with MG
· Summary of Impact: Low to Mid
· Option B-1-1 and B-1-3: 
· Legacy intra-frequency L3 measurements without MG
· Summary of Impact: None
· Option B-1-2 and B-1-4: 
· Legacy intra-frequency L3 measurements without MG
· Summary of Impact: None
· Option B-2-1: 
· Legacy intra-frequency L3 measurements without MG
· MG sharing impact on Mobility needs to be investigated
· Summary of Impact: Mid
· Option B-2-2: 
· Legacy intra-frequency L3 measurements without MG
· MG selection impact on Mobility needs to be investigated
· Summary of Impact: Mid
· Option C: 
· Depending on whether neighbour cell CD-SSB/NCD-SSB location in the frequency domain, intra-frequency L3 measurement may or may not need MG
· Intra- vs. Inter-frequency L3 measurement may dynamically change upon BWP switching
· Summary of Impact: Low to Mid
3) Throughput impact (Data interruption)
· Option A: 
· Due to MG for intra-frequency L3 measurements, Tput can be adversely affected
· Summary of Impact: Low
· Option B-1-1 and B-1-3: 
· No Tput impact is expected
· Summary of Impact: None
· Option B-1-2 and B-1-4: 
· Tput degradation is expected marginal
· Summary of Impact: None to Low
· Option B-2-1: 
· Due to MG for intra-frequency L3 measurements, Tput can be adversely affected
· Summary of Impact: Low
· Option B-2-2: 
· Due to L1 and L3 MGs, Tput will be significantly affected
· Summary of Impact: Mid to High
· Option C: 
· Due to MG for intra-frequency L3 measurement, if no NCD-SSB from neighbour cell is enabled, Tput can be adversely affected
· Resources around NCD-SSB may be crowded with Non-RedCap and 1/2Rx RedCap UEs
· Summary of Impact: Mid to High
4) UE power consumption / UE complexity
· Option A: 
· No additional implementation complexity is needed.
· Summary of Impact on Complexity: None
· Summary of Impact on Power: Low
· Option B-1-1 and B-1-3: 
· No additional implementation complexity is needed. UE may consume much power than the other options, which however can be compensated by leaving RRC connected mode or non-DRX mode faster than other options.
· Summary of Impact on Complexity: None
· Summary of Impact on Power: Mid
· Option B-1-2 and B-1-4: 
· No additional implementation complexity is needed.
· Summary of Impact on Complexity: None
· Summary of Impact on Power: None to Low
· Option B-2-1: 
· Additional implementation for MG sharing is needed, but expected marginal
· Summary of Impact on Complexity: None to Low
· Summary of Impact on Power: Low
· Option B-2-2: 
· Additional implementation is needed. UE may have to stay in RRC connected mode or non-DRX mode longer due to Tput loss
· Summary of Impact on Complexity: Mid to High
· Summary of Impact on Power: High
· Option C: 
· Additional IE needs to be received, and filtering/switching between “CD-SSB and NCD-SSB” and “intra-frequency and inter-frequency measurements” upon BWP switching needs to be additionally implemented. UE may have to stay in RRC connected mode or non-DRX mode longer due to a large number of UEs sharing the resources around NCD-SSB
· Summary of Impact on Complexity: Low to Mid
· Summary of Impact on Power: Mid

Conclusion
In this paper we presented our high-level analysis of respective options as below.
Proposal 1: RAN4 to include the following observations in a reply-LS to RAN:
1) RRM requirements impact (Spec impact) / workload in RAN4
· Option A:
· 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.
· Summary of Impact: Low to Mid
· Option B-1-1 and B-1-3:
· A simple update of applicability rule to RRM spec is needed. (See Annex of the paper)
· Summary of Impact: Low
· Option B-1-2 and B-1-4:
· A simple update of applicability rule to RRM spec is needed. (See Annex of the paper)
· Additionally, interruption requirements should be discussed and defined.
· Summary of Impact: Mid to High
· Option B-2-1: 
· In-depth discussion is needed to define MG sharing requirements between L1 and L3
· Summary of Impact: High
· Option B-2-2: 
· In-depth discussion is needed to define MG selection rule between L1 and L3 when colliding
· Cross-working group impact is expected for a new dedicated MG
· Summary of Impact: High
· Option C: 
· A simple update of applicability rule to RRM spec is needed.
· Further investigation is needed to verify an impact on “L1 filtering upon BWP switching” and “interaction between L1 and L3 measurements based on NCD-SSB and CD-SSB”
· Summary of Impact: Low to Mid
2) Mobility performance impact
· Option A: 
· Legacy intra-frequency L3 measurements with MG
· Summary of Impact: Low to Mid
· Option B-1-1 and B-1-3: 
· Legacy intra-frequency L3 measurements without MG
· Summary of Impact: None
· Option B-1-2 and B-1-4: 
· Legacy intra-frequency L3 measurements without MG
· Summary of Impact: None
· Option B-2-1: 
· Legacy intra-frequency L3 measurements without MG
· MG sharing impact on Mobility needs to be investigated
· Summary of Impact: Mid
· Option B-2-2: 
· Legacy intra-frequency L3 measurements without MG
· MG selection impact on Mobility needs to be investigated
· Summary of Impact: Mid
· Option C: 
· Depending on whether neighbour cell CD-SSB/NCD-SSB location in the frequency domain, intra-frequency L3 measurement may or may not need MG
· Intra- vs. Inter-frequency L3 measurement may dynamically change upon BWP switching
· Summary of Impact: Low to Mid
3) Throughput impact (Data interruption)
· Option A: 
· Due to MG for intra-frequency L3 measurements, Tput can be adversely affected
· Summary of Impact: Low
· Option B-1-1 and B-1-3: 
· No Tput impact is expected
· Summary of Impact: None
· Option B-1-2 and B-1-4: 
· Tput degradation is expected marginal
· Summary of Impact: None to Low
· Option B-2-1: 
· Due to MG for intra-frequency L3 measurements, Tput can be adversely affected
· Summary of Impact: Low
· Option B-2-2: 
· Due to L1 and L3 MGs, Tput will be significantly affected
· Summary of Impact: Mid to High
· Option C: 
· Due to MG for intra-frequency L3 measurement, if no NCD-SSB from neighbour cell is enabled, Tput can be adversely affected
· Resources around NCD-SSB may be crowded with Non-RedCap and 1/2Rx RedCap UEs
· Summary of Impact: Mid to High
4) UE power consumption / UE complexity
· Option A: 
· No additional implementation complexity is needed.
· Summary of Impact on Complexity: None
· Summary of Impact on Power: Low
· Option B-1-1 and B-1-3: 
· No additional implementation complexity is needed. UE may consume much power than other options, which however can be compensated by leaving RRC connected mode or non-DRX mode faster than other options.
· Summary of Impact on Complexity: None
· Summary of Impact on Power: Mid
· Option B-1-2 and B-1-4: 
· No additional implementation complexity is needed.
· Summary of Impact on Complexity: None
· Summary of Impact on Power: None to Low
· Option B-2-1: 
· Additional implementation for MG sharing is needed, but expected marginal
· Summary of Impact on Complexity: None to Low
· Summary of Impact on Power: Low
· Option B-2-2: 
· Additional implementation is needed. UE may have to stay in RRC connected mode or non-DRX mode longer due to Tput loss
· Summary of Impact on Complexity: Mid to High
· Summary of Impact on Power: High
· Option C: 
· Additional IE needs to be received, and filtering/switching between “CD-SSB and NCD-SSB” and “intra-frequency and inter-frequency measurements” upon BWP switching needs to be additionally implemented. UE may have to stay in RRC connected mode or non-DRX mode longer due to a large number of UEs sharing the resources around NCD-SSB
· Summary of Impact on Complexity: Low to Mid
· Summary of Impact on Power: Mid

Annex
Potential specification impacts on specifications for Option B-1-1 and B-1-3 are highlighted in red.
TS38.133:
	8.1.1	Introduction
[…]
The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell, PSCell and deactivated PSCell as specified in TS 38.213 [3]. The configured RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. Except for SSB based radio link monitoring for a UE supporting [Capability-x-y-z], UE is not required to perform RLM outside the active DL BWP.
[…]
8.1.2.1	Introduction
The requirements in this clause apply for each SSB based RLM-RS resource configured for PCell, PSCell or deactivated PSCell, provided that the SSB configured for RLM is actually transmitted within UE active DL BWP during the entire evaluation period specified in clause 8.1.2.2.
[…]

8.5.1	Introduction
[…]






The RS resource configurations in the set  on PCell, PSCell or deactivated PSCell (if configured) can be periodic CSI-RS resources and/or SSBs. RS resource configuration in the set  on SCell shall be periodic CSI-RS. Except for SSB based beam failure detection for a UE supporting [Capability-x-y-z], 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. 
[…]
8.5.2.1	Introduction

The requirements in this clause apply for each SSB resource in the set  configured for a serving cell, provided that the SSB configured for beam failure detection is actually transmitted within the UE active DL BWP during the entire evaluation period specified in clause 8.5.2.2. The requirements in this clause could not be applicable if UE is required to perform beam failure detection on more than 1 serving cell per band.
[…]
8.5.5.1	Introduction
The requirements in this clause apply for each SSB resource in the set  configured for a serving cell, provided that the SSBs configured for candidate beam detection are actually transmitted within UE active DL BWP during the entire evaluation period specified in clause 8.5.5.2. The requirements in this clause apply when UE is required to perform beam failure detection on no more than 1 serving cell per band. 
[…]
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 except for SSB based L1-RSRP measurement for a UE supporting [Capability-x-y-z].
[…]
9.8.1	Introduction
[…]
The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-SINR measurements within the active BWP except for SSB based L1-RSRP measurement for a UE supporting [Capability-x-y-z].
[…]
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