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Introduction
In RAN#94 meeting, a new SID on support of further NR RedCap UE complexity reduction has been approved [1]. The target use cases include industrial sensors, video surveillance, and wearables, as justified in Rel-17 RedCap. The main goal is to further reduce UE complexity/cost under the framework of Rel-17 RedCap. The approved SID are as following:
	· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.


In this contribution, these complexity reduction features are discussed in detail. 
Design target for R18 RedCap UEs
IoT devices marketing are growing fast recent years. The use case using low-tier IoT are migrating from 2G GPRS to 5G using LPWA solutions, the devices falling into mid-tier and high-tier are mainly 4G/LTE subdivision markets. More specifically, LTE Cat. 4 is aiming for high-tier IoT (~100Mbps) while LTE Cat. 1/1bis with lower UE cost is aiming for mid-tier IoT (data rates of 1 to less than 10 Mbps) with strong traction [2]. Mid-tier IoT market is booming in the last 1 – 2 years, as can be seen from the increase of devices using LTE Cat. 1/1bis [2]. The device is much more cost-sensitive for that market with lower data rate than high-tier IoT, since many “to-business” type of verticals or operators normally purchase very large volume such kind of devices, e.g. millions of modules in a batch.
In Rel-17, to enable NR based IoT, 3GPP has defined a reduced capability UE (RedCap UE) with maximum bandwidth of 20 MHz for FR1 while both 2Rx and 1Rx are supported. The peak data rate of Rel-17 RedCap UEs can achieve ~100 Mbps for DL assuming 2 Rx branches. Obviously, Rel-17 RedCap UEs target on high-end IoT use cases, such as high-end video, high-end wearables, and have comparable performance with LTE Cat. 4. To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, e.g., industrial wireless sensor network use cases, some further complexity reduction enhancements should be considered. 
As justified in current approved RedCap SID [1], Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets 10 Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. In our view, Rel-18 RedCap UEs require performance targeting LTE Cat. 1/1bis:
Observation 1: Rel-18 RedCap devices target peak data rate similar to LTE Cat. 1/1bis.
In the following section, reduced UE bandwidth to 5 MHz in FR1 and reduced UE peak data rate are analyzed in section 3 and section 4. Analysis for relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI are also provided in section 5.
On reduced UE peak data rate in FR1
In this section, we discuss the benefits and impacts of reduced UE peak data rate. Three options are discussed in the last RAN1 meeting, including:
· 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.
UE complexity reduction
For cost reduction gain, we have some detailed estimated relative device cost based on Rel-17 evaluation methodology in TR 38.875 [3]. The baseline is “The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD” as agreed in the last RAN1 meeting. 
Option PR1 and Option PR2 have same cost reduction gain as provide in Table 3-1/3-2. Cost reduction gain for Option PR3 are provide in Table 3-3/3-4. The reference UE is a Rel-15 FR1 RedCap UE with 100 MHz maximum bandwidth for both RF and baseband. 
Table 3-1: Estimated relative device cost for reduced UE peak data rate for PR1&PR2
	　FR1 FDD
	2R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	65.6%
	62.7%
	40.2%
	38.9%



Table 3-2: Estimated relative device cost for reduced UE peak data rate for PR1&PR2
	　FR1 TDD
	4R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	40.4%
	39.1%
	29.3%
	28.3%



Table 3-3: Estimated relative device cost for reduced UE peak data rate for PR3
	　FR1 FDD
	2R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	65.6%
	60.6%
	40.2%
	37.9%



Table 3-4: Estimated relative device cost for reduced UE peak data rate for PR3
	　FR1 TDD
	4R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	40.4%
	37.8%
	29.3%
	27.6%



Based on the above evaluation results, the relative cost reduction of Rel-18 RedCap UE to R17 RedCap UE are calculated in the Table 3-5. 
Table 3-5: Estimated device cost reduction relative to Rel-17 RedCap UE in FR1
	Reduced UE peak data rate to ~10 Mbps
	Reduction % relative to R17 RedCap for PR1&PR2
	Reduction % relative to R17 RedCap for PR3

	FDD 2Rx
	4.4%
	7.6%

	FDD 1Rx
	3.5%
	5.8%

	TDD 2Rx
	3.3%
	6.4%

	TDD 1Rx
	3.3%
	5.8%



Observation 2: Compared with R17 RedCap UE, PR3 can achieve 6~8% cost saving gain, while PR1 and PR2 can achieve 3~4% cost saving gain. 
Specification impacts
For SSB, CORSET#0, and the other common messages, since the UEs still keep 20 MHz maximum bandwidth for both RF and baseband, the UE can reuse legacy channels directly. Thus, except restricted UE peak data rate by restricting maximum scheduled PRB number/TBS/data rate, no additional standard impact will be caused. 
Performance impacts
Based on the coverage evaluation results in [4], the coverage of 5MHz data channel is better than the bottleneck channels of R15 Ref UE and R17 RedCap UE. All the latency and reliability requirements for the RedCap use cases can be satisfied by PR1/PR2/PR3.
Network deployment and coexistence impacts
Besides the restricted UE peak data rate, no network deployment impact is expected by PR1/PR2/PR3. PR1/PR2/PR3 can achieve good coexistence performance with R17 RedCap UEs and legacy UEs, except that it may have restriction on the scheduling TBS/PRBs for some common message, such as RAR.  
Observation 3: For UE peak data rate reduction, the standard impact and the impact on network deployment and coexistence are minor, no performance loss is expected.
On further UE bandwidth reduction in FR1
In this section, the benefits and impacts of further UE bandwidth reduction are discussed. Three options are discussed in the last RAN1 meeting, including:
· 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.
Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL
UE complexity reduction
For cost reduction aspect, as specified in TR 38.875 [3], both RF and baseband components contribute to the cost reduction. We have some detailed estimated relative device cost based on Rel-17 evaluation methodology in TR 38.875 [3], which are provided in Table 4-1/4-2. The reference UE is a Rel-15 FR1 RedCap UE with 100 MHz maximum bandwidth for both RF and baseband. The estimated Rel-17 RedCap UE cost evaluated in TR 38.875 [3] is also provided as a baseline.
Table 4-1: Estimated relative device cost for reduced UE bandwidth to 5MHz for BW1
	　FR1 FDD
	2R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	65.6%
	52%
	40.2%
	33.5%



Table 4-2: Estimated relative device cost for reduced UE bandwidth to 5MHz for BW1
	　FR1 TDD
	4R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	40.4%
	32.8%
	29.3%
	24.5%



Based on the above evaluation results, the relative cost reduction of Rel-18 RedCap UE to R17 RedCap UE are calculated in the Table 4-3. 
Table 4-3: Estimated device cost reduction relative to Rel-17 RedCap UE in FR1
	BW1
	Reduction % relative to R17 RedCap  as baseline

	FDD 2Rx
	20.7%

	FDD 1Rx
	16.8%

	TDD 2Rx
	18.7%

	TDD 1Rx
	16.3%



Observation 4: Compared with R17 RedCap UE, BW1 can achieve 16~21% cost saving gain. 
Specification impacts
For SSB, Rel-15 SSB bandwidth is provided in Table 4-4. As we can see that in all cases except PBCH of SCS 30 kHz, the bandwidth of PSS/SSS and PBCH will not exceed 5MHz and can be reused directly. 
Table 4-4: Bandwidth of Rel-15 SSB
	SCS
	PSS/SSS
	PBCH

	15 kHz
	1.905 MHz
	3.6 MHz

	30 kHz
	3.81 MHz
	7.2 MHz



Observation 5: In all cases, the bandwidth of PSS/SSS does not exceed 5MHz and can be reused directly. The bandwidth of PBCH does not exceed 5MHz for the case of SCS 15 kHz but does for the case of SCS 30 kHz. 
To eliminate or reduce the PBCH coverage loss in case of SCS 30 kHz, some enhancements can be considered while keeping Rel-15 SSB structure as much as possible. For example, since the PBCH transmission is periodic, a Rel-18 RedCap UE with 5MHz can perform RF retuning between different SSBs to receive different part of the PBCH and perform joint-detection within the received different SSBs as shown in Figure 4.1. 
[image: ]
Figure 4-1: PBCH link-level evaluation with 5 MHz UE bandwidth and retuning

A preliminary LLS simulation is conducted and the evaluated results are provided in Figure 4-2. The simulation assumptions are provided in Appendix. 
[image: ]
Figure 4-2: PBCH link-level evaluation with 5 MHz UE bandwidth and retuning

As shown above, compared with Rel-17 RedCap UE which can receive PBCH completely, if a Rel-18 RedCap UE only receives the PBCH within 5MHz bandwidth around the center of the PBCH, ~8 dB coverage loss is observed. However, if the Rel-18 RedCap UE receives two repeated SSBs within different 5MHz fraction of the PBCH, there is no coverage loss.
Observation 6: In case of SCS 30 kHz, the PBCH coverage loss can be compensated by UE itself with RF retuning. 
For CORESET#0, the possible bandwidth is provided in Table 4-5. As we can see, except for the case of 24 PRBs & SCS 15 kHz, the bandwidth of CORESET#0 exceeds 5MHz.  Thus, some enhancements need to be considered, for example, utilizing the periodic characteristic of legacy CORESET#0 with some enhancements, or introducing an additional CORESET#0 for 5MHz UEs.
Table 4-5: Bandwidth of CORESET#0 & SIB1
	SCS
	24 PRBs
	48 PRBs
	96 PRBs

	15 kHz
	4.32 MHz
	9.64 MHz
	17.28 MHz

	30 kHz
	9.64 MHz
	17.28 MHz
	N/A



Observation 7: Except for the case of 24 PRBs & SCS 15 kHz, the bandwidth of CORESET#0 exceeds 5MHz.
For the other channels, e.g., SIB1, OSI, paging, RAR, etc, in Rel-17, these messages are dynamically scheduled within the bandwidth of CORESET#0, whose bandwidth may exceed 5MHz. The network can either reuse legacy common messages with some enhancements, or, the network can also transmit new common messages for Rel-18 RedCap UEs. The former scheme has impact on network/UE implementation, while can save time-frequency resource consumption. The latter scheme is more flexible for network and UE, but will lead to more time-frequency resource consumption. Both schemes can be considered.
Observation 8: The bandwidth of the common messages, e.g., SIB1, OSI, paging, RAR, etc., may or may not exceed 5MHz.
Performance impacts
Based on the coverage evaluation results in [4], for most cases, the coverage of BW1 is better than the bottleneck channels of R15 Ref UE and R17 RedCap UE. 
All the latency and reliability requirements for the RedCap use cases can be satisfied by BW1.
Network deployment and coexistence impacts
As spec impact analysis above, frequency resource allocation for transmission during initial access may exceed 5MHz, e.g. Msg3, Msg4, so early identification will be needed if BW1 coexist with legacy UEs. 
Option BW3: 5 MHz BB bandwidth only for PDSCH and PUSCH
UE complexity reduction
The difference between BW3 and PR3 is that the all the scheduling PRBs in BW3 should be confined within 5MHz, but we think the cost of BW3 does not have much more cost reduction gain compared with PR3, which are provided in Table 4-6/4-7. However, scheduling confined within 5MHz may lead to less frequency diversity gain. 
Table 4-6: Estimated relative device cost for reduced UE peak data rate for BW3
	　FR1 FDD
	2R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	65.6%
	59.6%
	40.2%
	37.4%



Table 4-7: Estimated relative device cost for reduced UE peak data rate for BW3
	　FR1 TDD
	4R
	2R
	1R

	
	R15 
eMBB UE
	R17 
RedCap UE
	R18 RedCap UE
	R17 
RedCap UE
	R18 RedCap UE

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	40.4%
	37.2%
	29.3%
	27.3%


Based on the above evaluation results, the relative cost reduction of Rel-18 RedCap UE to R17 RedCap UE are calculated in the Table 4-8. 
Table 4-8: Estimated device cost reduction relative to Rel-17 RedCap UE in FR1
	Reduced UE bandwidth to 5MHz
	Reduction % relative to R17 RedCap  as baseline

	FDD 2Rx
	9.2%

	FDD 1Rx
	7.1%

	TDD 2Rx
	7.9%

	TDD 1Rx
	7.0%



Observation 9: Compared with R17 RedCap UE, BW3 can achieve 7~9% cost saving gain.
Performance impacts
BW3 has similar performance impact as PR3.
Network deployment and coexistence impacts
BW3 has similar Network deployment and coexistence impacts as PR3.
Specification impacts
Besides restriction on data channel frequency resource allocation is different between PR3 and BW3, no other specification impact is expected for BW3.
Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL
Option BW2 is optional considered during SI phase. It is unclear which components are 20MHz and which components are 5MHz, that may relate to the UE implementation, so it should be defined before the evaluation. 
On relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
In this section, the benefits and impacts of relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI are discussed. Two options are discussed in the last RAN1 meeting, including:
· 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’
The processing time specifies the minimum scheduling time for PDSCH and PUSCH. In NR Rel-15, two kinds of UE processing time capability are supported: Capability 1 and Capability 2 where Capability 2 is stricter than Capability 1.
UE complexity reduction
As agreed in the last RAN1 meeting, PT1 and PT2 should be applied with bandwidth/peak data rate reduction, which means PT1 and PT2 should be applied based on BW1/2/3 or PR1/2/3, instead of applying alone. 
	Agreement:
· The following options for relaxed UE processing timeline will be studied:
· 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’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.



In this section, we first estimate the cost saving gain for PT1 and PT2 considering BW1/3 or PR1/2/3 have been applied. Costing reduction for PT1 only and PT1+PT2 together with BW1/3 or PR1/2/3 are listed in Table 5-1~ Table 5-4 with R15 UEs as baseline. 
Table 5-1: Estimated relative device cost for reduced UE peak data rate for PR1/PR2
	
	2R/4R
	2R
	1R

	
	R15 
eMBB UE
	Without PT1+PT2
	With PT1
	With PT1+PT2
	Without PT1+PT2
	With PT1
	With PT1+PT2

	FR1 FDD
	100.0%
	62.7%
	60.1%
	57.5%
	38.9%
	37.5%
	36%

	FR1 TDD
	100.0%
	39.1%
	37.4%
	35.7%
	28.3%
	27.1%
	26.1%


Table 5-2: Estimated relative device cost for reduced UE peak data rate for PR3
	
	2R/4R
	2R
	1R

	
	R15 
eMBB UE
	Without PT1+PT2
	With PT1
	With PT1+PT2
	Without PT1+PT2
	With PT1
	With PT1+PT2

	FR1 FDD
	100.0%
	59.6%
	58.8%
	56.2%
	37.4%
	36.9%
	35%

	FR1 TDD
	100.0%
	37.2%
	36.6%
	34.6%
	27.3%
	26.7%
	25.4%



Table 5-3: Estimated relative device cost for reduced UE peak data rate for BW1
	
	2R/4R
	2R
	1R

	
	R15 
eMBB UE
	Without PT1+PT2
	With PT1
	With PT1+PT2
	Without PT1+PT2
	With PT1
	With PT1+PT2

	FR1 FDD
	100.0%
	52%
	51%
	49.7%
	33.5%
	32.9%
	32%

	FR1 TDD
	100.0%
	32.8%
	32.1%
	31.3%
	24.5%
	24%
	23.3%


Table 5-4: Estimated relative device cost for reduced UE peak data rate for BW3
	
	2R/4R
	2R
	1R

	
	R15 
eMBB UE
	Without PT1+PT2
	With PT1
	With PT1+PT2
	Without PT1+PT2
	With PT1
	With PT1+PT2

	FR1 FDD
	100.0%
	59.6%
	58.2%
	55.6%
	37.4%
	36.6%
	35%

	FR1 TDD
	100.0%
	37.2%
	36.27%
	34.6%
	27.3%
	26.5%
	25.4%



Based on the above evaluation results, the relative cost reduction gain compared with R17 RedCap for PT1+PT2+ peak data rate/bandwidth reduction are calculated in the Table 5-5. Table 5-6 shows the cost saving gain for PT1+PT2 based on peak data rate/bandwidth reduction in R18.
Table 5-5: Estimated device cost reduction relative to Rel-17 RedCap UE 
	PT1+PT2
	Reduction with PR1/PR2
	Reduction with PR3
	Reduction with BW3
	Reduction with BW1

	FDD 2Rx
	12.4%
	14.3%
	15.3%
	24.2%

	FDD 1Rx
	10.6%
	12.1%
	12.9%
	20.4%

	TDD 2Rx
	11.6%
	13.4%
	14.4%
	22.6%

	TDD 1Rx
	11.2%
	12.6%
	13.3%
	20.4%



Table 5-6: Estimated device cost reduction relative to Rel-18 RedCap UE without PT1+PT2
	PT1+PT2
	Reduction based on PR1/PR2
	Reduction based on PR3
	Reduction based on BW3
	Reduction based on BW1

	FDD 2Rx
	8.4%
	7.3%
	6.7%
	4.4%

	FDD 1Rx
	7.6%
	6.7%
	6.3%
	4.3%

	TDD 2Rx
	8.6%
	7.5%
	7.0%
	4.8%

	TDD 1Rx
	7.9%
	7.1%
	6.7%
	4.9%



Observation 10: With PT1+PT2 applied, the cost reduction compared with R17 RedCap UE is 11~12% for PR1/PR2, 12~14% for PR3, 13~15% for BW3, 20~24% for BW1. Compared with R18 RedCap without PT1+PT2 applied, the estimated cost reduction is 8~9% for PR1/PR2, 7~8% for PR3, 6~7% for BW3, 4~5% for BW1.
We also estimate the relative cost reduction gain compared with R17 RedCap for PT1+peak data rate/bandwidth reduction are calculated in the Table 5-7. Table 5-8 shows the cost saving gain for PT1 based on peak data rate/bandwidth reduction in R18. 
Table 5-7: Estimated device cost reduction relative to Rel-17 RedCap UE 
	PT1
	Reduction with PR1/PR2
	Reduction with PR3
	Reduction with BW3
	Reduction with BW1

	FDD 2Rx
	8.4%
	10.3%
	11.3%
	22.3%

	FDD 1Rx
	6.8%
	8.3%
	9.1%
	18.3%

	TDD 2Rx
	7.5%
	9.4%
	10.3%
	20.5%

	TDD 1Rx
	7.5%
	8.9%
	9.6%
	18.2%



Table 5-8: Estimated device cost reduction relative to Rel-18 RedCap UE without PT1+PT2
	PT1
	Reduction based on PR1/PR2
	Reduction based on PR3
	Reduction based on BW3
	Reduction based on BW1

	FDD 2Rx
	4.2%
	3%
	2.3%
	2%

	FDD 1Rx
	3.6%
	2.7%
	1.8%
	2.2%

	TDD 2Rx
	4.3%
	3.2%
	2.6%
	2.2%

	TDD 1Rx
	4.1%
	3.2%
	2.8%
	2.3%



Observation 11: Compare with PT1+PT2, the cost reduction for PT1 only is ~4% less for PR1/PR2/PR3/BW3, 2~3% less for BW1 with R18 RedCap as baseline.
PT1 is related to the relaxation of data processing timeline, while PT2 is related to the relaxation of CSI reporting timeline. PT1 mainly affects the data and PDCCH processing components, while PT2 mainly affect the CSI and PDCCH processing components. Thus both PT1 and PT2 may affect the cost of PDCCH related component, e.g. PDCCH channel estimation, demodulation, decoding and DCI parsing. If only PT1 or PT2 is applied, the relaxation effect on PDCCH related component may be diminished, as the requirement has to be the tightest one. Therefore, we think PT1 and PT2 should be considered together for further complexity reduction. 
Performance impacts
As mentioned in TR38.875, impact of relaxed UE processing timeline depends on use cases and scheduled number of retransmissions [3]. Most of the use cases for RedCap are less sensitive of latency, such as video surveillance, which require latency < 500 ms; industrial wireless sensors except safety related sensors, which require end-to-end latency < 100 ms. Furthermore, use cases such as industrial wireless sensors and video surveillance are stationary, which also helps to lower the requirement for CSI feedback latency. Thus, PT1 and PT2 can be considered to further reduce UE cost besides reduce peak data rate or UE bandwidth.
No coverage impact is expected by PT1 and PT2.
Network deployment and coexistence impacts
PT1, which relax the processing time for PDCCH/PDSCH and preparing PUSCH/PUCCH, may affect the timeline for Msg3 scheduling, but it depends on the gNB implementation of current network for timeline, if the current gNB implementation is not with strict timeline, there is no network deployment and coexistence impacts; Otherwise, the issue can be solved by gNB implementation update, e.g. relaxing the scheduling timeline for Msg3 retransmission. For Msg4 processing timeline, similarly if the current gNB implementation is with strict timeline, it can also be solved by gNB implementation update with proper indicated timeline. Alternatively, another solution is to report the relaxation of timeline by Msg3 with minor spec impacts. 
For PT2, there is no impact for coexistence issue during initial access. 
Observation 12: The timeline of Msg3 scheduling and Msg4 HARQ-ACK feedback during initial access may be impacted by PT1, which can be solved by gNB implementation, e.g. with proper indicated k2 in Msg3 retransmission.
Specification impacts
The values of relaxed N1/N2 and Z/Z’ need to be defined. 
Summary 
[bookmark: _Hlk101998494]As discussed above,
· BW1 has lowest UE cost: BW1 achieves 9~12% UE cost reduction compare with BW3, 10~13% UE cost reduction compare with PR3, 13~16% UE cost reduction compare with PR1/PR2.
· Both BW3 and PR3 provides sufficient cost reduction gain, with different specification impact.
· PT1+PT2 can further reduce UE cost by more than 6% for both BW3 and PR3.

Proposal 1: Based on analysis of cost saving gain and potential specification impact, at least PR3 or BW3 should be supported in R18 RedCap.
Proposal 2: Both PT1 and PT2 should be specified for Rel-18 RedCap.

Conclusions
Based on the analysis, we have the following observations and proposals:
Observation 1: Rel-18 RedCap devices target peak data rate similar to LTE Cat. 1/1bis.
Observation 2: Compared with R17 RedCap UE, PR3 can achieve 6~8% cost saving gain, while PR1 and PR2 can achieve 3~4% cost saving gain.  
Observation 3: For UE peak data rate reduction, the standard impact and the impact on network deployment and coexistence are minor, no performance loss is expected.
Observation 4: Compared with R17 RedCap UE, BW1 can achieve 16~21% cost saving gain. 
Observation 5: In all cases, the bandwidth of PSS/SSS does not exceed 5MHz and can be reused directly. The bandwidth of PBCH does not exceed 5MHz for the case of SCS 15 kHz but does for the case of SCS 30 kHz. 
Observation 6: In case of SCS 30 kHz, the PBCH coverage loss can be compensated by UE itself with RF retuning. 
Observation 7: Except for the case of 24 PRBs & SCS 15 kHz, the bandwidth of CORESET#0 exceeds 5MHz.
Observation 8: The bandwidth of the common messages, e.g., SIB1, OSI, paging, RAR, etc., may or may not exceed 5MHz.
Observation 9: Compared with R17 RedCap UE, BW3 can achieve 7~9% cost saving gain.
Observation 10: With PT1+PT2 applied, the cost reduction compared with R17 RedCap UE is 11~12% for PR1/PR2, 12~14% for PR3, 13~15% for BW3, 20~24% for BW1. Compared with R18 RedCap without PT1+PT2 applied, the estimated cost reduction is 8~9% for PR1/PR2, 7~8% for PR3, 6~7% for BW3, 4~5% for BW1.
Observation 11: Compare with PT1+PT2, the cost reduction for PT1 only is ~4% less for PR1/PR2/PR3/BW3, 2~3% less for BW1 with R18 RedCap as baseline.
Observation 12: The timeline of Msg3 scheduling and Msg4 HARQ-ACK feedback during initial access may be impacted by PT1, which can be solved by gNB implementation, e.g. with proper indicated k2 in Msg3 retransmission.
Proposal 1: Based on analysis of cost saving gain and potential specification impact, at least PR3 or BW3 should be supported in R18 RedCap.
Proposal 2: Both PT1 and PT2 should be specified for Rel-18 RedCap.
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Appendix
The simulation assumptions for PBCH evaluation are provided in Table 1.
Table Simulation assumptions for PBCH evaluation
	Parameters
	Value

	Frequency
	4 GHz

	SCS
	30 kHz

	Channel model
	TDL-A

	DS
	300 ns

	UE speed
	3 km/h

	gNB antenna configuration
	4Tx4Rx

	UE antenna configuration
	1Tx1Rx

	UE bandwidth 
	20 MHz for Rel-17 RedCap UE in FR1
5 MHz for Rel-18 RedCap UE in FR1

	Target BLER
	1%.
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