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Introduction
RAN1 has finished the study phase of  further NR RedCap UE complexity reduction and observations are made in TR38.865[1]. According to the observation of the TR, there are some down selections that need to be made at RAN plenary before the normative work . In this contribution, we discuss our consideration on the down selection and give our views on the scope of WID from RAN1 perspective.
Discussion on the work item scope
In this section, we express our views on the work item scope for the potential complexity reduction options and other scopes.
Further RedCap UE complexity reduction
According to the TR, RAN1 has analyzed complexity reduction options such as BW1, BW2, BW3 and PR1, PR2, PR3. The following options are what to be down selected in this meeting. In this section, we provide our views on the down selection.
	Based on the analysis of the studied UE complexity reduction options, most companies in RAN1 recommend that a single option is down-selected from a list of options as the main Rel-18 RedCap UE complexity reduction option at RAN plenary. The list includes the following options.
-	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.
-	Option PR3:
-	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.
-	The restricted number of PRBs in Option PR3 is a hardcoded limit.
Some of the companies who participated in the study also wanted to include one or both of the following options in the above list, for RAN plenary to assess the trade-off between degree of complexity reduction and specification impact.
-	Option PR1:
-	Relaxation of the constraint  for peak data rate reduction.
-	The relaxed constraint is, e.g., 1 (instead of 4).
-	The parameters ([image: ], [image: ], [image: ]) can be as in Rel-17 RedCap [4]s.
-	Option BW1:
· -	Both RF and BB bandwidths are 5 MHz for UL and DL.



To make down selection, we need to examine not only the complexity reduction, but also the system impacts, network deployment and coexistence impacts, and the spec impacts.
Comparison of BW1 and BW3
For BW1 and BW3, the complexity/cost reduction values are shown in the table. It can be seen that BW1 has additional 3.6%~5.7% cost reduction gain compared to BW3.
Table.1 Cost reduction for BW1 and BW3 
( TR 38.865 Table 7.2.2-7: Average UE complexity reduction achieved by BW reduction options compared to corresponding Rel-17 baselines, with values of BW2 removed)
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW1
	11.85%
	11.25%
	14.06%
	14.31%
	13.42%
	14.79%

	BW3
	8.02%
	7.66%
	8.90%
	8.72%
	7.68%
	9.19%



However, BW1 has more system impact and spec impact than BW3. According to the TR, performance impacts, network deployment and coexistence impacts and specification impacts are copied below.
· performance impacts
	Peak data rate:
Reducing the UE bandwidth leads to peak data rate reduction, but the reduced peak data rate can still fulfill the targeted data rate in Rel-18. In TDD, with 5 MHz UE bandwidth (for all BW options), the achievable peak data rate for UL or DL can be less than 10 Mbps depending on the TDD pattern.

Coverage:
For all BW options, there is link performance impact for SIB1 PDSCH if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz. However, in all scenarios except for 4 GHz with 24 dBm PSD, there is no or negligible coverage impact for SIB1 PDSCH even if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz.
Furthermore, for BW1/BW2, there is link performance degradation for PDCCH due to reduced maximum AL in a 5-MHz CORESET, and for PBCH (30 kHz SCS).
For a more detailed description of the coverage impacts, see clause 8.2.4.
Latency:
The impact of further UE bandwidth reduction on the latency is insignificant, and 5 MHz UE bandwidth (for all BW options) can sufficiently fulfil relaxed latency requirements of RedCap use cases.




· network deployment and coexistence impacts
	If the common channels such as SIB1, OSI, RAR, MSG3 etc. are scheduled within 5MHz, then none of the UE bandwidth reduction options (BW1, BW2, BW3) have coexistence issues with legacy UEs, but otherwise there are some coexistence issues with legacy UEs.
BW1 and BW2 are expected to have the largest coexistence impacts among the evaluated options, whereas the expected coexistence impacts for BW3 are smaller. BW1 and BW2 can have coexistence impacts in terms of support of SSB/CORESET #0 configurations (especially 30 kHz SCS) and limitations of RACH configurations and PRACH sharing procedure. Furthermore, BW1 has impact on SSB transmissions (e.g., NCD-SSB overhead) and BWP operation.
Early RedCap UE indication (through Msg1/MsgA) might be needed for all BW options.



· specification impacts
	BW1 and BW2 can have significant specification impacts, considering the impacts on initial access, random access, and SSB/CORESET #0 configurations (especially 30 kHz SCS). For BW1, the specification impacts may also include SSB presence requirements. BW3 has smaller specification impacts compared to BW1 and BW2.



The comparison of above impacts is summarized here in the table.2.
Table.2 Comparison of BW1 and BW3 for performance and spec impacts
	Impacts 
	BW1
	BW3

	Peak date rate
	Lead to peak data rate reduction,but the reduced peak data rate can still fulfill the targeted data rate in Rel-18
	Lead to peak data rate reduction,but the reduced peak data rate can still fulfill the targeted data rate in Rel-18

	coverage
	There is link performance degradation for PDCCH due to reduced maximum AL in a 5-MHz CORESET, and for PBCH (30 kHz SCS)
	No PDCCH,PBCH coverage loss.

	latency
	Impacts on the latency is insignificant
	Impacts on the latency is insignificant

	Co-existence
	BW1 have the largest coexistence impacts among the evaluated options, BW1 has coexistence impacts in terms of support of SSB/CORESET #0 configurations (especially 30 kHz SCS) and limitations of RACH configurations and PRACH sharing procedure
	Coexistence impacts for BW3 are smaller.

	BWP operation
	BW1 has impact on SSB transmissions (e.g., NCD-SSB overhead) and BWP operation
	Can reuse R17 SSB.

	Specification impacts
	BW1can have significant specification impacts, considering the impacts on initial access, random access, and SSB/CORESET #0 configurations (especially 30 kHz SCS). For BW1, the specification impacts may also include SSB presence requirements.
	BW3 has smaller specification impacts compared to BW1.



The difference between BW1 and BW3 is shown in blue front in Table2. It can be seen that BW1 has significant specification impacts due to its co-existence issue, coverage issue. And if FG28-1 is inherited as mandatory UE feature for R18 UEs, BW1 will increase the network overhead since it mandates SSB presence in every active BWP for UEs without optional capability of FG28-1a. Since the bandwidth is smaller than R17, e.g. 5MHz, if 20 possible positions of RRC-configured active DL BWP within 100MHz carrier bandwidth are considered, 19 additional NCD-SSB bursts are needed, then the SSB overhead will be more serious than R17. According the SID,  coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell should be ensured and Rel-15 SSB should be reused and L1 changes minimized. But it can be seen from above table.2 that L1 changes of BW1 is much larger than BW3. 
So although BW1 provides more cost reduction than BW3, the spec impacts are also much larger than BW3, and we propose that BW1 is excluded from the WI scope.
Comparison of BW3 and PR1,PR3
Firstly for PR1 and PR3, the cost reduction values are copied here in Table.3. It can be seen from the table that PR3 has additional cost reduction gain than PR1, about 2.7%~4.5%. So PR3 is better than PR1.
Table.3 cost reduction for PR1 and PR3 
( TR 38.865 Table 7.3.2-7: Average UE complexity reduction achieved by PR reduction options compared to corresponding Rel-17 baselines, with values of PR2 removed)

	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	PR1
	4.13%
	4.02%
	4.99%
	5.36%
	3.73%
	4.74%

	PR3
	7.06%
	6.74%
	8.12%
	9.81%
	6.59%
	7.98%



And according the TR section 7.3.4, PR3 has similar co-existence impact as BW3, and minimal specification impact, copied below. But the cost reduction gain of BW3 is a bit larger than PR3. So we think the BW3 should be the down selected option.
· network deployment and coexistence impacts
	For UE peak rate reduction options PR1 and PR2, there is no or small coexistence issue.
For UE peak rate reduction option PR3 (in the same way as for UE bandwidth reduction option BW3 described in clause 7.2), SIB1, OSI, RAR and MSG4 need to be scheduled within 5 MHz, otherwise there may be coexistence impacts on legacy UEs. 
Early RedCap UE indication (through Msg1/MsgA) might be needed for PR3.


· specification impacts
	The UE peak rate reduction options (PR1/PR2/PR3) all have minimal specification impact.



 Proposal 1: A single option BW3 is down-selected as the main Rel-18 RedCap UE complexity reduction option.
The potential enhancements of BW3 may include resource allocation, RACH procedure, paging procedure and SIB transmission.
Therefore, according to above analysis, we propose that BW3 is adopted as the main Rel-18 RedCap UE complexity reduction option 
And the TR has recommended that relaxation of the constraint   for peak data rate reduction is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.
So we propose the following objective for further UE complexity reduction , 
For the objective of further reduced UE cost / complexity,
· Support for further reduced UE cost / complexity, including(RAN1),
· Specify enhancement for further reduced BB bandwidth to 5MHz only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL and up to 20MHz maximum BB bandwidth for other physical channels and signals.
· Potential enhancements may include resource allocation, RACH procedure, paging procedure and SIB transmission.
· Decide whether and how to additionally support relaxation of the constraint  for peak data rate reduction.

Objectives other than further reduced UE cost / complexity
For other parts of the objective, we think RP-212705 which has been discussed during RAN#94e can be a starting point, which is copied in the following, with one modification about lower UE power class made by moderator and discussed before.
	To further expand the RedCap use cases, the following enhancements can be considered:

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   
· TBD based on SI outcome: Further reduced UE cost / complexity [RAN1] 
· 
· Support for lower UE power class [RAN4] 
· Focus on non-coverage-limited scenarios, e.g., indoor industrial (i.e., no intention to specify any dedicated coverage recovery schemes)
[bookmark: _GoBack]
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.




Then combing the further RedCap UE complexity reduction part, we propose the following WI scope of further NR RedCap UE complexity reduction.
Proposal 2: Adopt the following objective of WI for further NR RedCap UE complexity reduction:
	To further expand the RedCap use cases, the following enhancements can be considered:
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   
· Support for further reduced UE cost / complexity, including(RAN1),
· Specify enhancement for further reduced BB bandwidth to 5MHz only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL and up to 20MHz maximum BB bandwidth for other physical channels and signals.
· Potential enhancements may include resource allocation, RACH procedure, paging procedure and SIB transmission.
· Decide whether and how to additionally support relaxation of the constraint  for peak data rate reduction.
· Support for lower UE power class [RAN4] 
· Focus on non-coverage-limited scenarios, e.g., indoor industrial (i.e., no intention to specify any dedicated coverage recovery schemes)

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.


 

Conclusion
In this contribution, we discussed the considerations on the further RedCap normative work, and give our views on down-selection and the scope of WID. 
The following proposal about further reduced UE cost / complexity is made, 
Proposal 1: A single option BW3 is down-selected as the main Rel-18 RedCap UE complexity reduction option.

The following proposal gives our views about the objective scope,
Proposal 2: Adopt the following objective of WI for further NR RedCap UE complexity reduction:
	To further expand the RedCap use cases, the following enhancements can be considered:
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   
· Support for further reduced UE cost / complexity, including(RAN1),
· Specify enhancement for further reduced BB bandwidth to 5MHz only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL and up to 20MHz maximum BB bandwidth for other physical channels and signals.
· Potential enhancements may include resource allocation, RACH procedure, paging procedure and SIB transmission.
· Decide whether and how to additionally support relaxation of the constraint  for peak data rate reduction.
· Support for lower UE power class [RAN4] 
· Focus on non-coverage-limited scenarios, e.g., indoor industrial (i.e., no intention to specify any dedicated coverage recovery schemes)

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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