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1. Introduction
The SI of Study on further NR RedCap UE complexity reduction is expected to be finished on September 2022 [1] with a potential follow-up WI. This contribution provides our views on Rel-18 eRedCap WID scope.
2. Discussion on Rel-18 eRedCap WID scope
Following objectives has been noted in RAN#94 e-meeting for Rel-18 eRedCap scope [2]:

	[bookmark: _Hlk112784946]To further expand the RedCap use cases, the following enhancements can be considered:
Power saving/energy efficiency enhancements   
· [bookmark: _Hlk112784540]Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 involvement
[bookmark: _Hlk112839883][bookmark: _Hlk112784746]Complexity/cost reduction   
· TBD based on SI outcome: Further reduced UE cost / complexity [RAN1] 
· 
· Support for lower UE power class [RAN4] 
· [bookmark: _Hlk112784577]Focus on non-coverage-limited scenarios, e.g., indoor industrial
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· This WI considers all frequency ranges and all applicable duplex modes unless otherwise specified.



The objectives for “Enhanced eDRX in RRC_INACTIVE (>10.24s)” and “Support for lower UE power class focusing on non-coverage-limited scenarios” are stable and should be kept as it is. In the following, we provide our views on objectives related to complexity/cost reduction based on the SI outcome [3] and NCD-SSB for Rel-18 RedCap UEs in RRC Idle/Inactive mode.
Proposal 1: 
· Support the objectives of “Enhanced eDRX in RRC_INACTIVE (>10.24s)” and “Support for lower UE power class” for Rel-18 eRedCap WI.  

2.1. Complexity/cost reduction
Following complexity/cost reduction techniques have been studied from further UE bandwidth reduction, further UE peak rate reduction and relaxed UE processing timeline perspective:
· [bookmark: _Hlk112838568]For further UE bandwidth reduction
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.

· For further UE peak rate reduction 
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.

· For relaxed UE processing timeline
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
It is noted that the relaxed UE processing timeline is studied for combinations with UE bandwidth reduction or UE peak rate reduction.
Based on the Rel-18 eRedCap SI recommendations [3] and analysis in our companion contribution [4], 
· On one hand, from complexity/cost reduction perspective, BW1 combined with PT1 and PT2 (BW1+PT1+PT2) and BW1 alone can achieve the most complexity/cost reductions e.g. around 16% and 13% respectively followed by the descending order of BW3+PT1+PT2 (e.g. ~12% cost reduction), PR3+PT1+PT2 (e.g. ~11% cost reduction), PR1+PT1+PT2 (e.g. ~8.7% cost reduction), BW3 (e.g. ~8.4% cost reduction), PR3 (e.g. ~7.7% cost reduction) and PR1 (e.g. ~4.5% cost reduction). 
· On the other hand, from the specification impacts perspective, BW1 has the largest specification/co-existence impacts, considering the impacts on initial access, random access, and SSB/CORESET #0 configurations (especially 30 kHz SCS); and PR1 has the smallest specification and co-existence impacts. Similar and smaller specification and co-existence impacts are expected between BW3 and PR3 like SIB1, OSI, Paging, RAR and MSG4 may need to be scheduled within 5 MHz. While PR3 can support both continuous and distributed resource allocation so that better scheduling flexibility can be provided for the network compared to BW3.   
To achieve the good tradeoff between the complexity/cost reduction and specification/co-existence impacts, the Alt of BW3+ PT1+PT2, PR3+PT1+PT2, PR1+PT1+PT2 can be good candidates to be down-selected for Rel-18 eRedCap WI. From our perspective, we think for Rel-18 eRedCap WI, it is worthy to spend the efforts to support the technique(s) that contribute at least 10% complexity/cost savings compared to Rel-17 baselines. Therefore, we propose to support PR3 in combination with PT1 and PT2 as one of UE complexity/cost reduction objective in addition to lower UE power class. 
Proposal 2:
· For Further reduced UE cost/complexity,
· Support restriction of maximum number of PRBs for PDSCH and PUSCH
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· Support relaxation of UE processing time for PDSCH/PUSCH and CSI 
· The relaxed UE processing timeline is not applicable during the initial/random access.

2.2. [bookmark: _Hlk112784855]NCD-SSB support for Rel-18 eRedCap UEs in RRC Idle/Inactive mode
In RAN1#107bis-e meeting, following working assumption was made for NCD-SSB for RedCap UEs in idle/inactive mode for paging monitoring [4]:
	Agreement:
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
Agreement:
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective


As shown in above highlighted text, RAN1 already agreed to support NCD-SSB in the separate initial DL BWP for RedCap UEs in idle/inactive mode at least for paging monitoring. However, in RAN#94, the conclusions were made that the NCD-SSB in idle/inactive mode was down-scoped from Rel-17 RedCap WI due to limited time left for Rel-17 WI completion [5]:
	1. Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17
2. RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.



According to the current modelling for NCD-SSB, a RedCap UE in idle/inactive mode cannot use NCD-SSB even if the network sends the NCD-SSB in the separate initial DL BWP for the RedCap UEs in connected mode. Therefore, for RedCap UEs in idle/inactive mode, the separate initial DL BWP is only used for random access procedure. For paging reception, other system information reception as well as measurement for RACH or cell reselection, a RedCap UE in idle/inactive mode need to stay in the initial BWP associated with CD-SSB, and when RACH is triggered, the RedCap UE need to retune to the separate initial BWP. As observed, without supporting the NCD-SSB for RedCap UEs in idle/inactive mode in the separate initial DL BWP, the usage of the separate initial DL BWP is quite restricted from network perspective, and it is also not good for UE power consumption and complexity. In addition, Rel-18 eRedCap is studying to support narrower maximum UE bandwidth. If agreed, for better co-exist with non-RedCap UEs, NW is highly likely to configure the separate network not only for RACH but also for paging, other SIs. Then NCD-SSB become a necessity for eRedCap UE’s idle/inactive mode procedures.
Observation 1: No support of NCD-SSB for (e)RedCap UEs in idle/inactive mode results in inefficient use of the separate initial DL BWP, restricting network configuration flexibility, causing paging congestion for the initial DL BWP containing CD-SSB and increasing RedCap UE power consumption and complexity for paging monitoring, cell measurement and RACH execution.  
As agreed in RAN1 above, RedCap UEs mandatorily support NCD-SSB in connected mode. From UE perspective, there is no additional effort for UE to support NCD-SSB in idle/inactive mode. While from network perspective, network anyway needs to provide NCD-SSB as long as it is configured for one connected RedCap UE in this cell. There is no additional overhead for RedCap UEs in idle/inactive to use NCD-SSB. From specification perspective, given that NCD-SSB has the same properties/values (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB, existing procedure and requirements for paging monitoring, measurements, cell (re-)selection based on CD-SSB can be applicable for paging monitoring, measurements, cell (re-)selection based on NCD-SSB. Minimum specification change is expected for RAN2 and RAN4.
It is also noticed that the objective of “Enhanced eDRX in RRC_INACTIVE” and “Support for lower UE power class” also have small specification impacts. Therefore, the overall specification efforts and TU budgets for RAN2 and RAN4 is still sustainable for supporting NCD-SSB for RedCap UE in idle/inactive mode.
Observation 2: 
· From NW perspective, there is no additional overhead for transmitting NCD-SSB as long as the NCD-SSB is configured for one connected RedCap UE in this cell. 
· From UE perspective, there is no additional complexity since supporting NCD-SSB is RedCap UE mandatory feature.
· From specification perspective, minimum specification change is expected given NCD-SSB share the same properties/values (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB.
· From the overall workload and TU budgets perspective, it is manageable to include the NCD-SSB for RedCap UE in idle/inactive mode in Rel-18 eRedCap WI.
Based on above, we think it is reasonable and necessary to include this part in Rel-18 eRedCap WID. 
[bookmark: _Hlk112921615]Proposal 3: Include the support of NCD-SSB for RedCap UE in idle/inactive in Rel-18 eRedCap WID, e.g. UE in idle/inactive monitors paging in an initial BWP associated with NCD-SSB, performs measurement and cell (re-)selection on NCD-SSB.
Based on our discussions, following proposal 4 is made. 
Proposal 4: Adopt the following objectives for Rel-18 eRedCap WI.
	To further expand the RedCap use cases, the following enhancements are supported:
Power saving/energy efficiency enhancements   
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 involvement
Complexity/cost reduction   
· Restriction of maximum number of PRBs for PDSCH and PUSCH [RAN1]
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· Relaxation of UE processing time for PDSCH/PUSCH and CSI [RAN1, RAN4]
· The relaxed UE processing timeline is not applicable during the initial/random access.
· Support for lower UE power class [RAN4] 
· Focus on non-coverage-limited scenarios, e.g., indoor industrial
· Support NCD-SSB for RedCap UE in RRC_IDLE/INACTIVE state, including [RAN1, RAN2, RAN4]
· Paging monitoring in an initial BWP associated with NCD-SSB
· Measurements, cell (re)-selection based on NCD-SSB
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· This WI considers all frequency ranges and all applicable duplex modes unless otherwise specified.



3. Conclusion
This contribution provided our views on the Rel-18 eRedCap WID scope. Following observations and proposals are made:
Observation 1: No support of NCD-SSB for (e)RedCap UEs in idle/inactive mode results in inefficient use of the separate initial DL BWP, restricting network configuration flexibility, causing paging congestion for the initial DL BWP containing CD-SSB and increasing RedCap UE power consumption and complexity for paging monitoring, cell measurement and RACH execution.  

Observation 2: 
· From NW perspective, there is no additional overhead for transmitting NCD-SSB as long as the NCD-SSB is configured for one connected RedCap UE in this cell. 
· From UE perspective, there is no additional complexity since supporting NCD-SSB is RedCap UE mandatory feature.
· From specification perspective, minimum specification change is expected given NCD-SSB share the same properties/values (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB.
· From the overall workload and TU budgets perspective, it is manageable to include the NCD-SSB for RedCap UE in idle/inactive mode in Rel-18 eRedCap WI.
[bookmark: _GoBack]
Proposal 1: 
· Support the objectives of “Enhanced eDRX in RRC_INACTIVE (>10.24s)” and “Support for lower UE power class” for Rel-18 eRedCap WI.  
Proposal 2:
· For Further reduced UE cost/complexity,
· Support restriction of maximum number of PRBs for PDSCH and PUSCH
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· Support relaxation of UE processing time for PDSCH/PUSCH and CSI 
· The relaxed UE processing timeline is not applicable during the initial/random access.

Proposal 3: Include the support of NCD-SSB for RedCap UE in idle/inactive in Rel-18 eRedCap WID, e.g. UE in idle/inactive monitors paging in an initial BWP associated with NCD-SSB, performs measurement and cell (re-)selection on NCD-SSB.
Proposal 4: Adopt the following objectives for Rel-18 eRedCap WI.
	To further expand the RedCap use cases, the following enhancements are supported:
Power saving/energy efficiency enhancements   
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 involvement
Complexity/cost reduction   
· Restriction of maximum number of PRBs for PDSCH and PUSCH [RAN1]
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· Relaxation of UE processing time for PDSCH/PUSCH and CSI [RAN1, RAN4]
· The relaxed UE processing timeline is not applicable during the initial/random access.
· Support for lower UE power class [RAN4] 
· Focus on non-coverage-limited scenarios, e.g., indoor industrial
· Support NCD-SSB for RedCap UE in RRC_IDLE/INACTIVE state, including [RAN1, RAN2, RAN4]
· Paging monitoring in an initial BWP associated with NCD-SSB
· Measurements, cell (re)-selection based on NCD-SSB
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· This WI considers all frequency ranges and all applicable duplex modes unless otherwise specified.
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