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Introduction
[bookmark: _Hlk525462591]In this contribution, we address the WI scope on further RedCap UE complexity reduction.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Study Item Recommendations
In RAN1#110, the following recommendations for the Rel-18 further RedCap complexity reduction study item were endorsed –

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 () [38.306] can be as in Rel-17 RedCap.
· 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.
Discussion on WI Scope
Table 1 summarizes the average complexity reduction relative to Rel-17 RedCap UE for the techniques studied in Rel-18. The endorsed impacts of the various options are summarized in Table 2 [1]. Coverage evaluations for the options are summarized in Table 3 [4]. From Table 1 – Table 3, it can be seen that –
· BW1 provides the largest complexity reduction but it has large coexistence impact including support of SSB/CORESET #0 configurations, limitations of RACH configurations and PRACH sharing procedure, SSB transmissions and BWP operation. As a result, BW1 may have large specification impact.
· BW3 and PR3 provide good complexity reduction. The two options are very similar with the key difference being whether the allocated RBs are within 5 MHz (BW3) or within 20 MHz (PR3). The coexistence impact from both options are related to common channels that must be scheduled with restricted number of PRBs. However, both options are expected to have minimal specification impact.
· Coverage evaluations show that, in all except one deployment scenario, there is no coverage issue with BW1, BW3 and PR3 for UE with no antenna efficiency loss. When 3dB antenna efficiency loss is considered, there may be a slight coverage loss (<1dB).
· PR1 provides the smallest complexity reduction among the BW and PR options. For PR1, there is no or small coexistence issue and minimal specification impact.
Based on the above discussion, it is seen that both BW3 and PR3 are good complexity reduction options with small coexistence and specification impact. From Table 1, it is seen that BW3 has slightly larger complexity saving. Furthermore, BW3 option has potentially lower power consumption since the PDSCH is confined to within 5 MHz. Therefore, it is proposed that BW3 is selected as the main Rel-18 complexity reduction technique.

Proposal 1: Select BW3 as the main Rel-18 complexity reduction technique. 

Furthermore, RAN1 recommended to consider PR1 as additional add-on complexity reduction technique. This is because the peak data rates with BW3/PR3 option are still higher than the target 10 Mbps specified in the SID [1]. However, additional complexity saving from introducing PR1 as add-on is expected to be small while specification and implementation impact are not negligible. These issues can be further discussed during the WI phase where companies can provide more evaluation results. Therefore, whether to adopt PR1 option as potential add-on complexity reduction technique can be further discussed and decided during WI phase.

Proposal 2: Whether to adopt PR1 option as potential add-on complexity reduction technique can be decided during WI phase.

RAN1 also discussed processing time relaxation to reduce UE complexity. From Table 1, it is seen that PT1 and PT2 options can provide reasonable complexity reduction on top of BW or PR options. However, as shown in Table 2, PT1 and PT2 have large implementation impact, specifically –
· 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.
Therefore, it is proposed not to introduce support for option PT1 or PT2 due to significant impact to scheduler complexity and flexibility, and potential coexistence issues with legacy UEs.

Proposal 3: Do not introduce support for option PT1 or PT2 due to significant impact to scheduler complexity and flexibility, and potential coexistence issues with legacy UEs.
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[bookmark: _Ref112915265]Table 1. Average complexity reduction relative to Rel-17 RedCap UE.
	Option
	TDD 1Rx
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 2Rx
	FD-FDD 2Rx
	HD-FDD 2Rx

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

	BW2 
	8.08%
	9.15%
	11.92%
	8.81%
	11.46%
	12.21%

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

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

	PR2
	4.16%
	4.26%
	5.14%
	3.82%
	6.91%
	4.82%

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

	BW1 + PT1 
	11.64%
	12.44%
	14.30%
	14.58%
	17.65%
	16.38%

	BW1 + PT1 + PT2
	14.73%
	14.75%
	17.51%
	15.80%
	19.10%
	17.89%

	BW2 + PT1 + PT2 
	10.91%
	11.54%
	15.27%
	10.99%
	16.70%
	15.18%

	BW3 + PT1 
	7.84%
	8.70%
	10.15%
	8.98%
	12.48%
	10.77%

	BW3 + PT1 + PT2
	11.50%
	11.55%
	12.92%
	10.82%
	14.59%
	12.76%

	PR1 + PT1 
	4.85%
	5.40%
	6.58%
	5.49%
	8.80%
	6.54%

	PR1 + PT1 + PT2
	8.67%
	7.88%
	9.33%
	6.76%
	10.99%
	8.63%

	PR2 + PT1 + PT2 
	6.23%
	7.17%
	9.48%
	6.81%
	10.89%
	8.70%

	PR3 + PT1 
	7.23%
	7.69%
	9.32%
	8.11%
	11.49%
	9.67%

	PR3 + PT1 + PT2
	10.70%
	10.22%
	12.07%
	9.88%
	13.55%
	11.60%



[bookmark: _Ref112916074]Table 2. Impacts of complexity reduction options [3].
	BW1/BW2/BW3
	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 coverage impact for SIB1-PDSCH if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz. Furthermore, for BW1/BW2, there is link performance degradation for PDCCH, and PBCH (30 kHz SCS).]
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.
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.
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/PR2/PR3
	Peak data rate:
· The UE peak rate reduction options (PR1/PR2/PR3) can all fulfil the data rate requirements.
Coverage:
For the UE peak rate reduction options (PR1/PR2[/PR3]), no coverage loss is expected.
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.
The UE peak rate reduction options (PR1/PR2/PR3) all have minimal specification impact. 

	PT1/PT2
	Coverage:
No coverage impact is expected from PT1 and PT2.
Data rate:
No impact on instantaneous peak data rate is expected from PT1 and PT2. 
Latency:
Both PT1 and PT2 have impact on latency. For downlink transmission, relaxed N1 value in PT1 impacts how fast HARQ-ACK feedback can be sent after the reception of PDSCH. For uplink transmission, relaxed N2 value in PT1 impacts how fast PUSCH can be scheduled with respect to the UL grant and relaxed Z/Z’ in PT2 impacts the scheduling of a PUSCH traffic that arrives after the DCI triggering A-CSI is sent since such PUSCH TB cannot be scheduled to be transmitted before the A-CSI is transmitted. How significant the impact on latency depends on use cases and scheduled number of retransmissions.
Relaxed UE processing time in terms of N1 and N2:
· 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.

Relaxed UE processing time in terms of Z and Z’:
· 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.

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 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.



[bookmark: _Ref112919718]Table 3. Channels with negative representative coverage margins for different complexity reductions schemes and different deployment scenarios [4].
	Deployment scenario and frequency (and UE bandwidth, and DL PSD)
	3dB antenna efficiency loss?
	Complexity reduction schemes in Clause 7

	
	
	BW1
	BW2
	BW3
	PR3

	Urban at 2.6 GHZ with 11 PRBs
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	PDCCH CSS w/ AL2 (<1dB)
SIB1(<1dB)
	PDCCH CSS w/ AL2 (<1dB)
SIB1(<1dB)
	SIB1(<1dB)
	SIB1(<1dB)

	Urban at 2.6 GHZ with 12 PRBs
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	None
	None
	None
	None

	Rural at 0.7 GHz
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	Msg3 (<0.1dB)
	Msg3 (<0.1dB)
	None
	None

	Urban at 4 GHz with 11 PRBs and DL PSD of 24dBm/MHz
	w/o 3dB ant. eff. loss
	· PDCCH CSS (w/ AL16, AL8 and AL2)
· PDCCH USS with AL2
· SIB1
· Msg4
	· PDCCH CSS (w/ AL16, AL8 and AL2)
· PDCCH USS with AL2
· SIB1
· Msg4
	· SIB1
· Msg4
	· SIB1
· Msg4

	
	with 3dB ant. eff. loss
	· PBCH
· PDCCH CSS
· PDCCH USS
· SIB1
· Msg2
· Msg4
	· PBCH
· PDCCH CSS
· PDCCH USS
· SIB1
· Msg2
· Msg4
	· SIB1
· Msg2
· Msg4
	· SIB1
· Msg2
· Msg4



