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Introduction
After RAN1 #110 meeting, the initial version of the Rel-18 RedCap TR [1] has been completed and submitted to RAN#97e. The recommendation and conclusion are shown as follows:
	Further NR RedCap UE complexity reduction techniques have been analyzed individually in clauses 7.2 through 7.4 as well as in different combinations in clause 7.5. The coverage impacts of the complexity reduction techniques have been analyzed in clause 8. The main observations from the coverage impact evaluations are summarized in clause 8.2.4.
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.
Furthermore, RAN1 recommends that Option PR1 is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.
Whether or not to also introduce support for option PT1 and/or PT2 for a Rel-18 RedCap UE can be decided at RAN plenary.
-	Option PT1:
-	Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
-	The relaxation factor for N1 and N2 is assumed to be 2 in the study.
-	Option PT2:
-	Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
-	The relaxation factor for Z and Z’ is assumed to be 2 in the study.



Based on the RAN1 recommendation, RAN needs to determine whether BW3 or PR3 is selected, whether PT1 and/or PT1 is selected for Rel-18 RedCap WI scope. In this contribution, the Rel-18 RedCap WI scope is discussed and the corresponding candidate techniques for Rel-18 RedCap are discussed.
Discussion
High-level views for WI scope
For Rel-18 RedCap evolution, the following aspects should be considered with high priority for WI scope, since Rel-18 Redcap UE is significantly different from Rel-17 Redcap UE in following aspects.
· Complexity reduction: If the complexity reduction compared with Rel-17 RedCap UE is quite small, there is no need to introduce Rel-18 RedCap evolution. 
· Specification impacts: Due to limited TUs, we need to consider the specification impacts to guarantee that the WI can be completed.
· Coverage impacts: Coverage impacts may bring the enhancement for specific channel.
· Network deployment and coexistence impacts: It may also bring the specification impacts to solve the problems.
· gNB scheduling complexity: Increased scheduling complexity may cause gNB implementation problem.
The following aspects may be considered with lower priority, since they are not the key targets for the Rel-18 RedCap UE requirements.
· Latency, including the scheduling latency, RACH latency, or feedback latency and so on. 
· Power saving
· Throughput
For the candidate techniques for Rel-18 WI scope, the common understanding would be - the more complexity reduction, the more specification and network impacts. We need to determine the Rel-18 WI scope at least based on the above aspects with high priority. Considering the limited TU, a trade-off among complexity reduction, specification impacts, coverage impacts, network deployment and coexistence impacts, gNB scheduling complexity should be considered.
Observation 1: A trade-off among complexity reduction, specification impacts, coverage impacts, network deployment and coexistence impacts, gNB scheduling complexity should be considered for Rel-18 RedCap WI scope.
Since FD-FDD 1Rx and TDD 1Rx is the baseline in the TR, the following discussion is mainly focused on FD-FDD 1Rx and TDD 1Rx cases in this contribution.
BW3, PR3, BW1 determination
According to the TR, the different BW options can provide at least 7.66% complexity reduction compared with Rel-17 RedCap UE. And for PR1, at least 4.02% complexity reduction can be expected. 
Table 1. Average UE complexity reduction achieved by BW1/BW3/PR3/PR1 compared to corresponding Rel-17 baselines
	Option
	FD-FDD 1Rx
	TDD 1Rx

	BW1 [1]
	11.85%
	11.25%

	BW3 [1]
	8.02%
	7.66%

	PR3 [1]
	7.06%
	6.74%

	PR1 [1]
	4.13%
	4.02%



Regarding the impacts on specification, coexistence and coverage, they have been captured in the TR [1] and summarized as following
	Specification impacts:
· BW1, BW3: 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.
· PR1, PR3: The UE peak rate reduction options (PR1/PR2/PR3) all have minimal specification impact.
network deployment and coexistence impacts
· BW1, BW3: 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. 
· PR3: 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. 
· PR1: For UE peak rate reduction options PR1 and PR2, there is no or small coexistence issue.
Coverage impacts
· For all BW options, there is coverage 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)
· PR3: For PR3, the coverage impacts are similar as for BW3, see clause 7.2.3.
· PR1, PR3: For the UE peak rate reduction options PR1 and PR2, no coverage loss is expected.


As indicated above, BW3 and PR3 have the same network deployment and coexistence impacts. And BW3 may have equal or larger specification impact than PR3 considering the SIB1 may need enhancement for BW3. More specifically, according to the TR, it is assumed that PR3 has the capability to buffer 20MHz data while BW3 does not need to buffer 20MHz. The complexity difference between BW3 and PR3 is mainly due to the Post-FFT data buffering component. 
Observation 2: For PR3 and BW3, the main difference is the complexity assumption for component Post-FFT data buffering component
· PR3 is assumed to buffer 20MHz data
· BW3 may not need to buffer 20MHz data
According to the above summary and observations, we have the following analysis
· For complexity reduction, BW3>PR3
· For coverage impacts, BW3=PR3
· For network deployment and coexistence impacts，BW3=PR3
· For specification impacts, if the UE buffers the 20MHz data, and decode the data by every 5MHz data, then additional PDSCH processing timeline relaxing may need to be considered. Based on this, PR3 may have larger spec impacts. If PR3 does not consider the PDSCH processing timeline relaxation, then both PR3 and BW3 have similar spec impacts.
· For gNB scheduling complexity, if the UE buffers the 20MHz data, and decode the data by every 5MHz data, then additional PDSCH processing timeline relaxing may need to be considered. Based on this, PR3 may have  higher gNB scheduling complexity. If PR3 does not consider the PDSCH processing timeline relaxation, then both PR3 and BW3 have similar gNB scheduling complexity.

The above aspects are summarized in the following table.
Table 2. Summary of comparison among BW1,BW3,PR3,PR1 
	Complexity reduction
	Coverage impacts
	Specification impacts
	network deployment and coexistence impacts
	gNB scheduling complexity

	BW1>BW3>PR3>PR1
	BW1>BW3=PR3>PR1
	BW1>PR3>=BW3>PR1
	BW1>BW3=PR3>PR1
	BW1>PR3>=BW3>PR1



Compared with PR3, BW3 has more complexity reduction, and similar coverage impacts, network deployment and coexistence impacts. Compared with BW1, BW3 has less coverage impacts, specification impacts, network deployment and coexistence impacts, and less gNB scheduling complexity. Therefore, BW3 should be supported as baseline technique for Rel-18 RedCap.  
Proposal 1: Support BW3 as main Rel-18 RedCap UE complexity reduction option.
Additionally, according to the recommendation part in the TR, PR1 can also be a potential add-on technique.
	Furthermore, RAN1 recommends that Option PR1 is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.


Therefore, it is suggested to capture it in the RedCap Work Item Description. 
Proposal 2: Capture the following in the Rel-18 RedCap Work Item Description
· Whether to adopt PR1 as a potential add-on is decided during WI phase

PT1, PT2, PR1 determination
Based on BW3, the potential combination techniques includes
BW3+one add-on tech:
· BW3+PT1
· BW3+PT2
· BW3+PR1
BW3+two add-on tech:
· BW3+PT1+PT2
· BW3+PR1+PT2
· BW3+PR1+PT1
Based on the average complexity reduction for each component, we further provide the detailed complexity reduction for those combinations, which are shown the following table. 

Table 3. Summary of complexity reduction comparison for different combinations 
	Option
	FD-FDD 1Rx
	TDD 1Rx

	BW3 [1]
	8.02%

	7.66%


	BW3+PT1 [1]
	8.70%

	7.84%


	BW3 +PR1
	8.70%
	8.50%

	BW3+PT2
	9.70%
	9.04%

	Note1: BW3 is based on the average results in TR 38.865
Note2: for BW3 +PR1, the complexity reduction comes from  LDPC decoding, HARQ buffer, and UL processing block based on 10Mbps
Note3: for BW3+PT2, the complexity reduction comes from MIMO specific processing blocks and UL processing block. The complexity reduction for MIMO specific processing blocks is determined by component(BW3+PT1+PT2)-component(BW3), and complexity reduction for UL processing block is determined by component(BW3+PT1+PT2)-component(BW3+PT1)
Where component() indicates the component complexity for the BW option combination 



From the above table, we have the following observation. 
Observation 3: 
· For additional complexity reduction, PT2>PR1>=PT1
· For combination complexity reduction with one add-on technique, BW3+PT2>BW3+PR1>=BW3+PT1
The impacts on the specification, coexistence and coverage for PT1/PT2/PR1, have been captured in the TR [1] and summarized as follows:
	Specification impacts:
· PT1: A new UE processing time capability needs to be defined if relaxed UE processing time in terms of N1 and N2 is introduced. New values of N1 and N2, as well as how the PDSCH processing time and PUSCH preparation time are determined by N1 and N2, need to be defined. Depending on the degree of relaxation of the N1 and N2 values, specification details on scheduling timing may be updated, such as HARQ-ACK timing range. Moreover, PT1 may introduce a need for early indication in Msg1. And PT1 does not need to define new default TDRA table for downlink.
· PT2: New CSI computation delay requirements need to be defined if relaxed UE processing time in terms of Z and Z’ is introduced. New values of Z and Z’, as well as how the CSI computation time is determined by Z and Z’, need to be defined.
· PR1: The UE peak rate reduction options (PR1/PR2/PR3) all have minimal specification impact.
network deployment and coexistence impacts
· PT1: PT1 is applicable during the initial/random access, it may cause potential coexistence issues with legacy UEs if early identification of Rel-18 RedCap UEs prior to Msg2 scheduling is not supported, or conservative scheduling is not possible. If gNB schedules all UEs according to relaxed timing relationships for Rel-18 RedCap UEs, legacy UEs may experience an increase in control plane latency.
· PT2: No coexistence impact is expected from PT2. 
· PR1: For UE peak rate reduction options PR1 and PR2, there is no or small coexistence issue.
Coverage impacts
PT1 and PT2: No coverage impact is expected from PT1 and PT2.
PR1:For the UE peak rate reduction options PR1and PR2, no coverage loss is expected.

gNB scheduling complexity
· PT1: PT1 may have an impact on scheduling flexibility as several timing requirements are related to N1/N2 values.
· PT2: PT2 may have impacts on scheduling flexibility and potentially make the scheduler more complex. And PT2 may impact the scheduler’s ability to track the channel when making scheduling decisions, especially in a fast-varying channel condition. 
· None




According to the above summary, analysis is shown as follows
· For additional complexity reduction based on BW3, PT2>PR1>=PT1.
· For coverage impacts, PT2=PT1=PR1≈0
· For network deployment and coexistence impact，PT2 and PR1 are similar, since there are no issues observed. Therefore, PT1>PT2=PR1≈0.
· For gNB scheduling complexity, both PT1 and PT2 have the impacts on gNB scheduling. Moreover, PT1 has the scheduling impacts on RACH procedure, then it is nature to say PT1 has larger gNB scheduling impacts.
· For specification impacts, for both PT1 and PT2, the relaxed values should be defined. For PT1, additional co-existence issues need to be considered. Therefore, the spec impacts of PT1 would be larger than that of PT2. PR1 has the minimum spec impact. 
The following table is to capture the above analysis.

Table 4. Comparison summary among PT1,PT2,PR1 
	Additional complexity reduction based on BW3
	Coverage impacts
	Specification impacts
	network deployment and coexistence impacts
	gNB scheduling complexity

	PT2>PR1>=PT1
	PT2=PT1=PR1≈0
	PT1>PT2>PR1
	PT1>PT2=PR1≈0.
	PT1>PT2>PR1



Observation 4: Among PT1, PT2, PR1,
· PT1 has the largest spec impacts and PR1 has the minimum spec impacts.
· PT1 has the largest network deployment and coexistence impacts.
· PT1 has the largest gNB scheduling impacts, and PT2 also has some impacts on gNB scheduling. 

Proposal 3: PT1 should not be considered as an add-on technique for Rel-18 RedCap scope. And PT2 is also not preferable for Rel-18 RedCap scope. 

Conclusion
According to the analysis given above, we have the following proposals:
Observation 1: A trade-off among complexity reduction, specification impacts, coverage impacts, network deployment and coexistence impacts, gNB scheduling complexity should be considered for Rel-18 RedCap WI scope.
Observation 2: For PR3 and BW3, the main difference is the complexity assumption for component Post-FFT data buffering component
· PR3 is assumed to buffer 20MHz data
· BW3 may not need to buffer 20MHz data
Observation 3: 
· For additional complexity reduction, PT2>PR1>=PT1
· For combination complexity reduction with one add-on technique, BW3+PT2>BW3+PR1>=BW3+PT1
Observation 4: Among PT1, PT2, PR1,
· PT1 has the largest spec impacts and PR1 has the minimum spec impacts.
· PT1 has the largest network deployment and coexistence impacts.
· PT1 has the largest gNB scheduling impacts, and PT2 also has some impacts on gNB scheduling. 

Proposal 1: Support BW3 as main Rel-18 RedCap UE complexity reduction option.
Proposal 2: Capture the following in the Rel-18 RedCap Work Item Description
· Whether to adopt PR1 as a potential add-on is decided during WI phase
Proposal 3: PT1 should not be considered as an add-on technique for Rel-18 RedCap scope. And PT2 is also not preferable for Rel-18 RedCap scope. 
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