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1. Introduction
By the introduction of R17 Redcap UE types, a NR framework was scaled down to support reduced capability devices suitable for a range of low-tier use cases, including the industrial sensors, video surveillance, and wearables use cases. However, there have been further demands to reduce the device complexity to provide even lower-tier use cases, and a new Rel-18 study item was agreed to study the further reduction of the complexity of RedCap devices. Rel-18 eRedCap mainly targets low-tier sensors and wearables whose capabilities are between those specified for Rel-17 RedCap devices and LTE based LPWA devices such as NB-IoT. The objectives of the study item captured in [1] is shown below. 
	

Objective of SI
To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.865:
· 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.


[bookmark: _Hlk95727305]
In RAN1 #109-e meeting, RAN1 agreed to study further UE bandwidth reduction schemes and further UE peak rate reduction schemes potentially along with UE processing timeline relaxations. This contribution will have in-depth discussion including complexity reduction, performance impacts, network deployment and coexistence impacts, and specification impacts. As this meeting is the last RAN1 meeting for the study item, section 2 is formed as the TR structure as given in [2]. 
2. Discussions of UE complexity reduction features
[bookmark: _Toc101519367]2.1	Potential UE complexity reduction features
As discussion in section 1, we have agreed to study UE complexity reduction features as shown in the agreements below. Details on each feature will be discussed in the following sections. 

Agreements on UE BW reduction
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz 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.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreements on UE peak rate reduction
· The following options for further UE peak rate reduction can be studied:
· 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.
· At least the following cases are studied:
· The studied peak rate reduction applies to both UE-specific (unicast) and common (broadcast) channels.
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreements on relaxed UE processing timeline
· 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.
[bookmark: _Toc101519368]2.2	Further UE bandwidth reduction
[bookmark: _Toc101519369]2.2.1	Description of feature
This section is describing 3 UE bandwidth reduction options, BW1/2/3. See Table 1 and Figure 1 for details.
[bookmark: _Ref111062073]Table 1: Description of BW1/BW2/BW3 options
	Option
	Description
	Note

	BW1
	Both RF and BB bandwidths are 5 MHz for UL and DL.
	

	BW2
(optional)
	5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
	Similar to BW1. RF retuning is not required if BWP is changed within 20MHz.

	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.
	SSB, PDCCH, PUCCH, PRACH and CSI-RS can have BW larger than 5MHz (up to 20MHz)





[bookmark: _Ref111062282]Figure 1: Difference of BW utilization for BW1/BW2/BW3

[bookmark: _Toc101519370]2.2.2	Analysis of UE complexity reduction
[bookmark: _Toc101519371]One of the biggest cost reductions for Rel-17 RedCap UE were reduction of number of layers/rx antennas and reduction of UE bandwidth. As the number of layers and rx antennas has been already reduced to one, there would be no room to reduce the cost more with those techniques. However, the maximum bandwidth of Rel-17 RedCap was reduced from 100MHz to 20MHz in FR1 and there could be some more room to further reduce the bandwidth for additional cost saving. 
Due to the difference of RF BW between BW1 and BW2/3, and the difference of BB BW between BW1/2 and BW3, device cost reduction is also different among three options. As we have seen in Rel-17 [2], the cost reduction is mainly from the BB BW reduction, so there would be some cost reduction for BW1/BW2 over BW3 as BW3 requires wider BB BW at least for non-data channels. Also the cost saving difference between BW1 and BW2 will be marginal as BB BW is the same for both. 
Observation 1: 
· Cost saving is mainly from the baseband procedures
· Cost saving difference between BW1 and BW2 is marginal

2.2.3	Analysis of performance impacts
Coverage:
The impact of reduced bandwidth on the coverage of downlink and uplink unicast data channels would not be so large. A small loss may be observed due to reduced frequency diversity. However, for broadcast channels, reduced bandwidth can bring some coverage reduction due to the resource restriction and potential increase of MCS levels or aggregation levels. Details are discussed in [4].
Data rate:
Bandwidth reduction results in a reduction in the achievable peak data rate. However, all three bandwidth options are equally meeting the peak data rate requirements (10Mbps) both for 15KHz SCS and 30 KHz SCS as given in Table 2. 

[bookmark: _Ref111069001]Table 2: Peak rate for different BW sizes / Number of RBs
	SCS
	BW (
	Peak rate constraint

	DL peak rate 
(Mbps)
	UL peak rate 
(Mbps)

	15KHz 
	20MHz (106)
	6
	85.1
	91.0

	
	
	4
	56.7
	60.7

	
	5MHz (25)
	6
	20.1
	21.5

	
	
	4
	13.4
	14.3

	30KHz 
	20MHz (51)
	6
	81.9
	87.6

	
	
	4
	54.6
	58.4

	
	5MHz (11)
	6
	17.7
	18.9

	
	
	4
	11.8
	12.6


Note:
·  (Minimum constraint) is achieved by 16QAM, 1 layer, SF=1
·    is achieved by 64QAM, 1 layer, SF=1

[bookmark: Ob2]Observation 2: 
· Bandwidth reduction schemes bring a reduction in the achievable peak data rate
· BW1/BW2/BW3 meet 10Mbps peak rate for both DL and UL


[bookmark: _Toc101519372]2.2.4	Analysis of network deployment and coexistence impacts
SSB transmission
· BW1, BW2: There is no impact on reusing SSB for 15KHz SCS. But for 30KHz SCS, PBCH BW is larger than 5MHz, so sharing the SSB for legacy and Rel-18 eRedCap UEs has some challenges. To achieve the coexistence for SSB transmission between different types of UE, following candidate schemes can be considered:
· Alt-1: Rel-18 RedCap UE receives a part of PBCH: 
· Only 11 RBs of PBCH is received by a Rel-18 eRedCap UE
· SSB coverage is limited compared to Rel-17 RedCap UEs
· Additional latency and additional UE power consumption is expected due to the increased SSB detection time
· Alt-2: Rel-18 RedCap UE receives PBCHs with RF returning: 
· Better PBCH performance compared to Alt-1 as shown in [4].
· Alt-2 still has coverage, latency, and UE power consumption issues
· Alt-3: PBCH coded symbols are additionally appended in the following OFDM symbols: 
· No impact to legacy UEs for SSB transmission
· No PBCH performance issues for Rel-18 eRedCap 
· [bookmark: _Hlk111191488]This may bring some spec impacts and a loss in NW efficiency as the punctured symbols need to be mapped to additional symbols which can be used for other purposes.
· BW3: There is no issue for sharing the SSB between legacy and Rel-18 eRedCap UEs.


Figure 2: PBCH options for Rel-18 eRedCap device

CORESET#0 configuration
· BW1, BW2: Only CORESET #0 with 4.32 MHz BW (corresponding to 24 PRBs and 15 kHz SCS) can be supported for Rel-18 eRedCap UEs. It is not possible to share CORESET#0 configurations with 8.64 MHz or 17.28 MHz BW for legacy and Rel-18 eRedCap UEs. Such limitation impacts the configuration flexibility, degrades PDCCH performances [4], or may require new CORESET#0 configuration for Rel-18 eRedCap UEs.
· BW3: No impacts on reusing existing CORESET#0 configuration
Transmission of system information
· BW1, BW2, BW3: Rel-17 RedCap system can schedule PDSCHs for system information blocks assuming up to 20MHz BW, especially for SIB1. The 5 MHz bandwidth options for Rel-18 eRedCap UEs may bring loss of scheduling flexibility for gNB or may require Rel-18 eRedCap specific SIBs. Either ways potentially reduce the coverage of system information [4]. 
Random access
· BW1, BW2: A short preamble PRACH occupies 12 PRBs in the frequency domain. For 30 kHz SCS, a short preamble is not fully supported for a UE supporting maximum 5 MHz RF bandwidth. This can limit the random-access configuration flexibility. For Msg-2/3/4 scheduling, it can bring loss of scheduling flexibility and will require early indication for Rel-18 eRedCap device due to the BW restriction.
· BW3: There is no impact on configuration of PRACH as all PRACH formats are supported. For Msg-2/3/4 scheduling, it can bring loss of scheduling flexibility and will require early indication procedure for Rel-18 eRedCap device due to the BB BW restriction.

Early indication
· BW1, BW2, BW3: As discussed in the previous random access topic, NW has to know the BW capability of the device for the proper scheduling of Msg-2/3/4. So, if a Rel-18 eRedCap UE is required to be known to the network before the scheduling of Msg-2, there will be potential impact on the coexistence with legacy UEs. For instance, potential way for the early RedCap indication in Msg1 is PRACH partitioning. This will require fragmenting the PRACH resources available for legacy UEs or potential increase the PRACH resources and increase the PRACH collisions. Msg-3 based early indication is another alternative but it requires some scheduling restriction of Msg-2/Msg-3 because NW has to assume the 5MHz BW restriction even for the higher capability UEs.
BWP operation
· BW1: Impacts on UL resource fragmentation and SSB overhead
· BWP configuration for coexistence of RedCap and non-RedCap UEs was extensively discussed in Rel-17 RedCap. Potential UL resource fragmentation for 100MHz UE due to the UE BW reduction was one of the biggest issues in Rel-17. If the UE RF BW is further reduced to 5MHz, then the 5MHz BWP for the Rel-18 eRedCap UE may bring further UL resource fragmentations not only for Rel-15 100MHz BW UEs but also for Rel-17 20MHz RedCap UEs as shown in Figure 3.
· The use of NCD-SSB is also required for Rel-18 eRedCap and there could be increased resource overhead by duplicating NCD-SSB in multiple 5MHz BWPs as shown in Figure 3.
[image: Graphical user interface, table
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[bookmark: _Ref111111222]Figure 3: Example of BWP configurations for RedCap UE and eRedCap UE (BW1)
· BW2, BW3: Due to the 20MHz RF capability, if any of CD-SSB or NCD-SSB is configured inside 20MHz RF BW capability, Rel-18 eRedCap UE is able to receive it. In addition, PUCCH resource can be located anywhere inside 20MHz BWP, UL resource fragmentation issue is just similar to Rel-17 RedCap. 

Network Deployment impacts
· BW1, BW2: As discussed above, there are more coexistence impacts with 30KHz SCS compared to 15KHz SCS, such as PBCH, CORESET#0, and PRACH short formats. This brings some hurdles to enable Rel-18 eRedCap devices in existing TDD deployments where 30KHz SCS is the typical numerology.
· BW3: The potential impacts are similar between FDD and TDD deployments. 
[bookmark: _Toc101519373]2.2.5	Analysis of specification impacts
	option
	Potential specification impacts

	BW1/BW2
	· Support of PBCH with 30KHz SCS
· CORESET#0 configuration
· Support of PRACH short format with 30KHz SCS
· Early indication of device type

	BW3
	· Introduction of restriction on PDSCH/PUSCH BWs (e.g., FDRA)
· Early indication of device type




Observation 3: 
· BW1 & BW2 have impacts on reusing SSB especially on PBCH reception for 30KHz SCS
· BW1 & BW2 do not support current CORESET#0 configuration for 30KHz SCS due to BW restriction
· BW1, BW2, & BW3 bring scheduling restriction for the transmission of system information due to BW restriction
· BW1 & BW2 have impacts on reusing PRACH short format for 30KHz SCS
· For BW1, BW2, & BW3, early indication may be required for indicating BW restriction for random access procedure
· BW1 may bring uplink resource fragmentation and increased resource overhead for NCD-SSB
· For BW reduction options, there are more significant coexistence issues with 30KHz SCS compared to 15KHz SCS
[bookmark: _Ref111144642]Proposal 1: 
· If BW reduction options are considered in WI
· Coverage recovery schemes are considered for PBCH, CORESET0, and SIB1
· Early indication by PRACH partitioning is considered
· Keep reasonable resource overhead for NCD-SSB 


[bookmark: _Toc101519374]2.3	Further UE peak rate reduction
[bookmark: _Toc101519375]2.3.1	Description of feature
This section is describing 3 peak rate reduction options, PR1/2/3. See Table 1 and Figure 1 for details.
Table 3: Description of BW1/BW2/BW3 options
	option
	description
	Note

	PR1
	Relaxation of the constraint  
	The restriction of peak rate is naturally limiting the TBS for PDSCH/PUSCH. PR1 and PR2 is similar each other. 

	PR2
	Restriction of maximum TBS for PDSCH and PUSCH
	

	PR3
	Restriction of maximum number of PRBs for PDSCH and PUSCH.
	Distributed resource allocation for PUSCH has the limitation itself due to the RF burden to non-contiguous resource allocation. Practically it can be only applicable to downlink.





[bookmark: _Toc101519376]Figure 4: Difference of resource utilization for PR1/PR2/PR3

2.3.2	Analysis of UE complexity reduction
As discussed in section 2.3.1, option PR1 and option PR2 is almost the same for reducing the peak rate and the cost saving is also the same. There can be some additional cost saving for PR3 over PR1/2 by limiting the number of RBs for tx/rx processing, but the additional cost saving is marginal.
Observation 4: 
· There is no difference in cost saving between PR1 and PR2
· There is additional cost saving for PR3 compared to PR1/PR2 but the additional cost saving is marginal 

[bookmark: _Toc101519377]2.3.3	Analysis of performance impacts
Coverage:
· No coverage impact is observed with PR1/2. 
· For PR3, the coverage impact is not as big as BW1/2/3 options as it can still have the frequency diversity from distributed resource allocation. However, it can still bring some coverage reduction due to the resource restriction and potential increase of MCS levels.

Data rate:
PR1/PR3 are meeting the peak data rate requirements (10Mbps) both for 15KHz SCS and 30 KHz SCS as given in Table 2. PR2 can also meet 10Mbps data rate requirement by limiting the TBS according to the desirable peak rate.
Table 4: Peak rate for different BW sizes / Number of RBs
	SCS
	BW (
	Peak rate constraint

	DL peak rate 
(Mbps)
	UL peak rate 
(Mbps)

	15KHz 
	Rel-17:
20MHz (106)
	6
	85.1
	91.0

	
	
	4
	56.7
	60.7

	
	PR1:
20MHz (106)
	2
	28.4
	30.3

	
	
	1
	14.2
	15.2

	
	PR3:
20MHz (25)
	6
	19.3
	20.6

	
	
	4
	12.8
	13.7

	30KHz 
	Rel-17:
20MHz (51)
	6
	81.9
	87.6

	
	
	4
	54.6
	58.4

	
	PR1:
20MHz (51)
	2
	27.3
	29.2

	
	
	1
	13.6
	14.6

	
	PR3:
20MHz (11)
	6
	17.7
	18.9

	
	
	4
	11.8
	12.6




Observation 5: 
· No coverage issues are observed for PR1/PR2. 
· PR1/PR2/PR3 can meet 10Mbps both for DL and UL
· PR3 can be only applied for downlink in practice

[bookmark: _Toc101519378]2.3.4	Analysis of network deployment and coexistence impacts
SSB transmission
· PR1, PR2, PR3: There is no issue for sharing the SSB between legacy and Rel-18 eRedCap UEs.

CORESET#0 configuration
· PR1, PR2, PR3: There is no issue for reusing existing CORESET#0 configuration

Transmission of system information
· PR1, PR2, PR3: In order to share the SIBs for legacy and Rel-18 eRedCap UEs, the NW has to guarantee the bitrate for SIBs less than the peak rate of the Rel-18 eRedCap UE. 10Mbps peak rate requirement is sufficiently large to keep the scheduling flexibility. 
Random access
· PR1, PR2, PR3: For Msg-2/3/4 scheduling, it can bring loss of scheduling flexibility and will require early indication for Rel-18 eRedCap device due to the peak rate restriction.
Early indication
· PR1, PR2, PR3: NW has to know the peak rate capability of the device for the proper scheduling of Msg-2/3/4. So, if a Rel-18 eRedCap UE is required to be known to the network before the scheduling of Msg-2, there will be potential impact on the coexistence with legacy UEs. For instance, potential way for the early RedCap indication in Msg1 is PRACH partitioning. This will require fragmenting the PRACH resources available for legacy UEs or potential increase the PRACH resources and increase the PRACH collisions. Msg-3 based early indication is another alternative but it requires some scheduling restriction of Msg-2/Msg-3 because NW has to assume the peak rate capability of Rel-18 eRedCap UE even for the higher capability UEs.
BWP operation
· PR1, PR2, PR3: Due to the 20MHz RF capability, use of NCD-SSB and UL resource fragmentation is similar to Rel-17 RedCap devices. 
Network Deployment impacts
· PR1, PR2, PR3: No specific impacts are observed either for FDD or TDD deployments.


[bookmark: _Toc101519379]2.3.5	Analysis of specification impacts
	option
	Potential specification impacts

	PR1
	· Introduction of relaxed constraint in peak rate calculation
· Early indication of device type

	PR2 
	· Introduction of restriction in TBS determination
· Early indication of device type

	PR3
	· Introduction of restriction in number of PRB (e.g., FDRA) 
· Early indication of device type




Observation 6: 
· For PR1, PR2, & PR3, there is no issue for reusing SSB, CORESET#0 configuration, and PRACH short format.
· PR1, PR2, & PR3 bring scheduling restriction for the transmission of system information due to peak rate restriction
· For PR1, PR2, & PR3, early indication may be required for indicating peak rate restriction for random access procedure
· For PR1, PR2, & PR3, use of NCD-SSB and UL resource fragmentation issue is similar to Rel-17 RedCap
· PR1 shows the smallest spec impacts compared to PR2 and PR3
Proposal 2: 
· If peak rate reduction options are considered in WI
· PR1 is considered as it shows the smallest spec impacts while cost and other impacts are similar to PR2/PR3
· Early indication is considered

2.4	UE processing timeline relaxation
2.4.1	Description of feature
	option
	description
	Note

	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’ 

	



2.4.2	Analysis of UE complexity reduction
Table 5 is showing the cost saving for relaxed processing time evaluated in Rel-17 [3].  Based on this table, we see around 5~6% cost saving gain for doubling N1/N2 and doubling Z/Z’.
[bookmark: _Ref111117918][bookmark: _Ref111117914]Table 5: Estimated relative device cost for RedCap with relaxed processing time
	Relaxed processing time 
	doubled N1 and N2
	doubled Z and Z'

	
	FR1 FDD
	FR1 TDD
	FR1 FDD
	FR1 TDD

	RF: Power amplifier 
	25.0%
	25.0%
	25.0%
	25.0%

	RF: Filters
	10.0%
	15.0%
	10.0%
	15.0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	55.0%
	45.0%
	55.0%

	RF: Duplexer / Switch
	20.0%
	5.0%
	20.0%
	5.0%

	RF: Total relative cost
	100.0%
	100.0%
	100.0%
	100.0%

	BB: ADC / DAC
	10.0%
	9.0%
	10.0%
	9.0%

	BB: FFT/IFFT
	4.0%
	4.0%
	4.0%
	4.0%

	BB: Post-FFT data buffering
	10.0%
	10.0%
	10.0%
	10.0%

	BB: Receiver processing block
	20.3%
	24.6%
	24.0%
	29.0%

	BB: LDPC decoding
	6.6%
	5.9%
	10.0%
	9.0%

	BB: HARQ buffer
	14.0%
	12.0%
	14.0%
	12.0%

	BB: DL control processing & decoder
	4.1%
	3.3%
	2.5%
	2.0%

	BB: Synchronization / cell search block
	9.0%
	9.0%
	9.0%
	9.0%

	BB: UL processing block
	3.7%
	3.6%
	4.0%
	4.0%

	BB: MIMO specific processing blocks
	8.8%
	8.8%
	4.5%
	4.5%

	BB: Total relative cost
	90.5%
	90.1%
	92.0%
	92.5%

	RF+BB: Total relative cost
	94.3%
	94.1%
	95.2%
	95.5%



Observation 7: 
· Only a marginal cost saving gain of 5-6% was observed for PT1 and PT2 during Rel17 study item

2.4.3	Analysis of performance impacts
Coverage:
No coverage impacts are observed with PT1/2.
Data rate:
No data rate impacts are observed with PT1/2.
Latency:
For PT1, additional latency will be introduced due to increased N1/N2 processing timeline.
System throughput:
For PT2, throughput is impacted by additional latency for the CSI report due to the increased Z/Z’ processing timeline.

2.4.4	Analysis of network deployment and coexistence impacts
Early indication
· PT1: If a Rel-18 eRedCap UE is required to be known to the network as early as after Msg1 (PRACH) detection, there will be potential impact on the coexistence with legacy UEs. For instance, potential way for the early RedCap indication in Msg1 is PRACH partitioning. This will require fragmenting the PRACH resources available for legacy UEs or potential increase PRACH resources.

NW scheduling
· PT1 and PT2: NW scheduler has to differentiate the Rel-18 eRedCap UE from other UE types for the scheduling timeline which may impacts on current scheduling mechanisms.

2.4.5	Analysis of specification impacts
	option
	Potential specification impacts

	Option PT1
	· Introduction of new timeline 
· Early indication in Msg-1 

	Option PT2 
	· Introduction of new timeline



Observation 8: 
· For PT1, early indication may be required for indicating relaxed timeline for Msg-3 scheduling
· PT1 & PT2 require NW scheduler which can differentiate the scheduling timeline based on UE types
Proposal 3: 
· Timeline relaxation can be considered only if cost saving gain is sufficiently large

3. Conclusion
In this contribution, we have following observations and proposals:
Observation 1: 
· Cost saving is mainly from the baseband procedures
· Cost saving difference between BW1 and BW2 is marginal
Observation 2: 
· Bandwidth reduction schemes bring a reduction in the achievable peak data rate
· BW1/BW2/BW3 meet 10Mbps peak rate for both DL and UL
Observation 3: 
· BW1 & BW2 have impacts on reusing SSB especially on PBCH reception for 30KHz SCS
· BW1 & BW2 do not support current CORESET#0 configuration for 30KHz SCS due to BW restriction
· BW1, BW2, & BW3 bring scheduling restriction for the transmission of system information due to BW restriction
· BW1 & BW2 have impacts on reusing PRACH short format for 30KHz SCS
· For BW1, BW2, & BW3, early indication may be required for indicating BW restriction for random access procedure
· BW1 may bring uplink resource fragmentation and increased resource overhead for NCD-SSB
· For BW reduction options, there are more significant coexistence issues with 30KHz SCS compared to 15KHz SCS
Observation 4: 
· There is no difference on cost saving between PR1 and PR2
· There is additional cost saving for PR3 compared to PR1/PR2 but the additional cost saving is marginal 
Observation 5: 
· No coverage issues are observed for PR1/PR2
· PR1/PR2/PR3 can meet 10Mbps both for DL and UL
Observation 6: 
· For PR1, PR2, & PR3, there is no issue for reusing SSB, CORESET#0 configuration, and PRACH short format.
· PR1, PR2, & PR3 bring scheduling restriction for the transmission of system information due to peak rate restriction
· For PR1, PR2, & PR3, early indication may be required for indicating peak rate restriction for random access procedure
· For PR1, PR2, & PR3, use of NCD-SSB and UL resource fragmentation issue is similar to Rel-17 RedCap
· PR1 shows the smallest spec impacts compared to PR2 and PR3
Observation 7: 
· Only a marginal cost saving gain of 5-6% was observed for PT1 and PT2 during Rel17 study item
Observation 8: 
· For PT1, early indication may be required for indicating relaxed timeline for Msg-3 scheduling
· PT1 & PT2 require NW scheduler which can differentiate the scheduling timeline based on UE types

Proposal 1: 
· If BW reduction options are considered in WI
· Coverage recovery schemes are considered for PBCH, CORESET0, and SIB1
· Early indication by PRACH partitioning is considered
· Keep reasonable resource overhead for NCD-SSB 
Proposal 2: 
· If peak rate reduction options are considered in WI
· PR1 is considered as it shows the smallest spec impacts while cost and other impacts are similar to PR2/PR3
· Early indication is considered
Proposal 3: 
· Timeline relaxation can be considered only if cost saving gain is sufficiently large
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