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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN 1 had finished the study on further NR Redcap UE complexity reduction [1] and approved TR 38.865 [2]. In this paper, the work scope of Rel-18 eRedcap is discussed. 
[bookmark: _Ref129681832]Discussion
Based on RAN 1 study, Option BW3 and Option PR3 were recommended for 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.
Table 1 summarized the comparison between BW3 and PR3. In Table 1, it is observed that BW 3 can provide larger cost saving, while other impacts are similar as PR3. Moreover, we expect a cleaner design (specification impact) for BW3 than PR3. 
Proposal #1: Support option BW3 for eRedcap in Rel-18. 

Table 1 Comparison between BW 3 and PR 3
	
	BW3
	PR3
	Analysis 

	Cost saving 
	For BW3, the main contributors of the complexity reduction are the following functional blocks:
· Baseband: Post-FFT data buffering 
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
	For PR3, the main contributors of the complexity reduction are the following functional blocks:
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
	The main different is on the Post-FFT data buffer. For BW3, if the 5MHz frequency location for PDSCH/PUSCH can be pre-known, or, if the PDCCH can be decoded fast enough, UE doesn’t need to buffer too much Post-FFT data buffer for eRedcap.  

	Data rate
	Meeting the requirement 
	Meeting the requirement
	Same

	Coverage
	SIB 1 coverage might have impact
	No coverage loss
	With 5MHz allocated bandwidth for PDSCH, the coverage for SIB1 is expected to be similar for both BW3 and PR 3. 

	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.
	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.
	Coexistence impact is expected to be similar for BW 3 and PR 3. 

	Specification impacts
	BW3 has smaller specification impacts compared to BW1 and BW2.
	The UE peak rate reduction options (PR1/PR2/PR3) all have minimal specification impact.
	Specification impacts are expected to be similar. 
BW3 may need to discuss on whether pre-known/configured (sub-band), and FDRA of PUSCH/PDSCH within a BWP might have larger BW, or within in pre-configured sub-band.
PR3 needs to discuss the FDRA for PUSCH/PDSCH over larger bandwidth with more details, e.g. potential handling on FH.




Moreover, RAN 1 could not reach any consensus on whether to support option PT1 and/or PT2: 
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.
Table 2 summarized the comparison between PT1 and PT2. Although PT1 and PT2 can provide about 3% additional cost saving on top of BW3 or PR3, it has negative impact on network deployment and coexistence impacts. The deployment cost is also important for Redcap. Therefore, we suggest to not support PT1 or PT 2 for Rel-18 eRedcap. 

Table 2 Comparison between PT1 and PT2
	
	PT1
	PT2
	Analysis 

	Cost saving 
	For PT1, the main contributors of the complexity reduction are the following functional blocks:
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: DL control processing & decoder
· Baseband: UL processing block
	For PT2, the main contributors of the complexity reduction are the following functional blocks:
· Baseband: DL control processing & decoder (when both PT1 and PT2 are supported)
· Baseband: UL processing block
· Baseband: MIMO specific processing block
	Additional ~3% of cost saving on top of BWx or PRx

	Data rate/
Latency
	No impact on instantaneous peak data rate is expected from PT1 and PT2
	No impact on instantaneous peak data rate is expected from PT1 and PT2
	In our view, it may reduce UE throughput due to longer HARQ round trip time. 
PT2 may have latency impact for CSI feedback. 

	Coverage
	No coverage impact is expected from PT1 and PT2.
	No coverage impact is expected from PT1 and PT2.
	No impact

	Network deployment and coexistence impacts
	· In scenarios where Rel-18 RedCap UEs coexist with legacy UEs, PT1 may increase the complexity for the scheduling.
· PT1 may have an impact on scheduling flexibility as several timing requirements are related to N1/N2 values.
· If 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 may have impacts on scheduling flexibility and potentially make the scheduler more complex.
· PT2 may impact the scheduler’s ability to track the channel when making scheduling decisions, especially in a fast-varying channel condition. 
· No coexistence impact is expected from PT2.


	
	Processing time relax is a UE capability, therefore it will be also applicable during initial/random access. As a result, it will have negative impact for network deployment and coexistence impacts with other UE. 
Moreover, it may have impact on scheduling flexibility and may increase gNB scheduling burden. 

	Specification impacts
	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
	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.

	Not only new timeline, but also, some specification changes for initial access is needed. 



Conclusion 
[bookmark: _GoBack]This paper has discussed the working scope of Rel-18 further NR RedCap UE. Based on the above analysis, we propose: 
Proposal #1: Support option BW3 for eRedcap in Rel-18. 
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