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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In [1 RP-213661], following objectives are agreed to be studied:
	· 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, we provide our analysis on UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts from UE bandwidth reduction to 5MHz in FR1, reduced UE peak data rate in FR1 and relaxed UE processing time. 

2. UE bandwidth reduction 
2.1. Description of feature
The maximum bandwidth supported by Rel-17 RedCap is 20MHz in FR1 and the 20MHz is applied to both RF and baseband. For Rel-18 RedCap, the maximum bandwidth to 5MHz will be studied to further lower the UE cost. Depending on whether the reduction of the maximum bandwidth is applied to the RF and/or baseband components, and/or applied to the data and/or control channels, following options can be considered:
· Option 1: Reduced bandwidth for both RF and Baseband (BB)
· [bookmark: _Hlk100852802]For Option 1, the maximum bandwidth for RF and BB is 5MHz. RF is tuned to the interested 5MHz bandwidth. If the location of the 5MHz BW changes for RF, RF retuning is required. The maximum bandwidth for processing the SSB and CORESET#0 is assumed to be 5MHz. 
· Option 2: Reduced bandwidth for BB only and for both data channel and control channels
· For Option 2, the maximum bandwidth for RF is 20MHz. For baseband control and data channels, it is 5MHz. Compared to Option 1, the bandwidth for ADC/FFT is assumed to be the same as RF bandwidth since the signal enters the ADC can be wideband and it is easier for Option 2 to change the received 5MHz bandwidth in the digital domain without RF retuning. Given the buffering for control channel is 5MHz, the maximum bandwidth for processing the SSB and CORESET#0 is assumed to be 5MHz. 
· Option 3: Reduced bandwidth for data channel in BB only
· For Option 3, the maximum bandwidth for RF and for control channel processing is 20MHz, for data channel processing, it is 5MHz. The main difference from Option 2 is Option 3 allows the control channel transmitted across the 20MHz bandwidth and the buffering for control channel is 20MHz. Therefore, the maximum bandwidth for processing the SSB and CORESET#0 is assumed to be 20MHz.
With reduced bandwidth, the cost of RF and baseband components can potentially be reduced. For different options, the relative cost savings, performance and the specification impact can be different. Details can be found in the following sections. 
2.2. Analysis of UE complexity reduction 
For Option 1, UE can only transmit and receive on maximum 5MHz in both RF and BB. The expected cost savings mainly come from components that can scale with BW and/or sampling rate. For Option 2 and Opion.3, the expected cost savings mainly come from LDPC decoding, HARQ buffer etc. Since the RF still supports 20MHz bandwidth for Option 2 and 3, BB processing parts like ADC/DAC, FFT/IFFT should support 20MHz bandwidth as well, resulting no cost savings for these parts compared to the Rel-17 RedCap UEs. Comparing to Option 3, Option 2 achieves additional cost savings for the BB processing parts in terms of Post-FFT data buffering, Receiver processing block and DL control processing & decoder. 
The estimated cost reductions for the three options for reducing UE bandwidth to 5MHz are summarized in Table 2-1 for FDD case and Table 2-2 for TDD case. The cost metric is relative cost using Rel-15 reference UE as the baseline. In the Tables, we also provide the cost redution result for the combined UE complexity reduction features, i.e., reduced bandwidth to 5MHz and 1 layer, 1Rx, 64QAM, HD-FDD Type A and compare it with the Rel-17 simplest RedCap UE. For more details, please refer to the excel document we submitted together with this contribution (The titles are highlighted in yellow for one or combined complexity reduction techniques for Rel-18 eRedCap followed by the cost redution evalutions for Rel-17 RedCap for comparison).
Table 2-1 Cost reduction estimate from reduced bandwidth for FDD
	FR1 FDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	Total reduction vs. R17 RedCap 

	Rel-17 RedCap UE with 20MHz, 1 layer, 1 Rx, 64QAM, HD-FDD Type A
	50.4%
	31.2%
	38.9%
	--

	5 MHz Opt.1, 1 layer, 1 Rx, 64QAM, HD-FDD Type A
	50.4%
	17.2%
	30.5%
	21.6%

	5 MHz Opt.2, 1 layer, 1 Rx, 64QAM, HD-FDD Type A
	50.4%
	17.6%
	30.7%
	21.1%

	5 MHz Opt.3, 1 layer, 1 Rx, 64QAM, HD-FDD Type A
	50.4%
	20.3%
	32.3%
	17.0%



Table 2-2 Cost reduction estimate from reduced bandwidth for TDD
	FR1 TDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	Total reduction vs. R17 RedCap 

	Rel-17 RedCap UE with 20MHz, 1 layer, 1 Rx, 64QAM
	41.9%
	15.7%
	26.2%
	--

	5 MHz Opt.1, 1 layer, 1 Rx, 64QAM
	41.9%
	10.7%
	23.2%
	11.5%

	5 MHz Opt.2, 1 layer, 1 Rx, 64QAM
	41.9%
	11.5%
	23.7%
	9.5%

	5 MHz Opt.3, 1 layer, 1 Rx, 64QAM
	41.9%
	13.2%
	24.7%
	5.7%



Observation 2-1: Compared to the Rel-17 simplest RedCap UE (i.e., 20MHz BW, 1layer, 1Rx, 64QAM and HD-FDD Type A for FDD, and 20MHz BW, 1layer, 1Rx, 64QAM for TDD), for Rel-18 eRedCap UE, 
· The cost reduction for BW reduction Option 1 with 1layer, 1Rx, 64QAM and HD-FDD Type A is 21.6% for FDD; the cost reduction for BW reduction Option 1 with 1layer, 1Rx, 64QAM is 11.5% for TDD.
· The cost reduction for BW reduction Option 2 with 1layer, 1Rx, 64QAM and HD-FDD Type A is 21.1% for FDD; the cost reduction for BW reduction Option 2 with 1layer, 1Rx, 64QAM is 9.5% for TDD.
· The cost reduction for BW reduction Option 3 with 1layer, 1Rx, 64QAM and HD-FDD Type A is 17% for FDD; the cost reduction for BW reduction Option 3 with 1layer, 1Rx, 64QAM is 5.7% for TDD.

2.3. Analysis of performance impacts
Coverage:
Generally, UE bandwidth reduction reduces the coverage due to the reduced frequency diversity. About downlink broadcast channels including PSS/SSS, PBCH and CORESET#0, as described in section 2.1, the maximum bandwidth for processing the SSB and CORESET#0 is assumed to be 5MHz (which is 25PRBs for 15KHz SCS and 12PRBs for 30KHz SCS) for UE bandwidth reduction Option 1 and Option 2. So, there is no coverage loss for supporting PSS/SSS@15 and 30KHz, PBCH and CORESET#0 with 24PRBs@15KHz by UE bandwidth reduction Option 1 and Option 2, but significant coverage loss can be expected for supporting the PBCH and CORESET#0@30KHz based on current design since 8PRBs need to be punctured for PBCH and at least ~12PRBs need to be punctured for 2-symbol CORESET#0 with interleaver. For UE bandwidth reduction Option 3, since its control bandwidth is 20MHz, it is possible to support all SCS combinations for PSS/SSS, PBCH and CORESET#0, hence no coverage loss. 
Observation 2-2:
· For UE bandwidth reduction Option 1 (i.e., RF is 5MHz) and Option 2 (i.e., BB is 5MHz and applied to both control and data channel), there is no coverage loss to support SSB and CORESET#0 with 24 PRBs for 15KHz SCS; Significant coverage loss is expected to support SSB and CORESET#0 for 30KHz SCS based on current design.
· For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), there is no coverage loss to support all SCS combinations for PSS/SSS, PBCH and CORESET#0.
[bookmark: _Hlk100762822]Scheduling & Configuration flexibility 
For UE bandwidth reduction Option 1 (i.e., RF is 5MHz), the location for the reduced RF and baseband bandwidth should be fixed in the carrier. Therefore, the frequency domain resource for control/data channels is also fixed, resulting in no configuration and/or scheduling flexibility. However, the configuration and/or scheduling flexibility can be improved if fast RF retuning is supported. With fast RF retuning, the frequency locations for 5MHz RF and baseband bandwidth can be predefined by introducing the hopping pattern(s), and in this case, the coverage loss for control and data channels might or might not be reduced, depending on the achievable frequency diversity gain and the handling of RF retuning gap, which should be evaluated [2]. The feasible RF retuning time and its implication to UE complexity and power consumption also needs to carefully studied. 
For UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channel), compared to UE bandwidth option 1, it avoids RF retuning for changing the frequency locations. However, pre-knowledge of the correct sub-band (5MHz) for post FFT-buffering is still required at the UE side. Therefore, by pre-defining the hopping pattern(s) for the 5MHz bandwidth or combining with cross-slot scheduling, the configuration/scheduling flexibility and the coverage for control and data channels are expected to be improved due to higher frequency diversity and no RF retuning gap. 
For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), it has the most configuration flexibility for control channel. For data channel, it is desirable to support cross-slot scheduling for the UE to know the correct sub-band for data buffering. 
Observation 2-3: 
· For UE bandwidth reduction Option 1 (i.e., RF is 5MHz), the  benefit of fast RF retuning should be evaluated considering the achievable frequency diversity gain, impact from symbol puncturing, UE complexity and power consumption etc. 
· For UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels), by pre-defining the frequency-domain locations/hopping patterns over 20MHz for both control and data channels or by cross-slot scheduling for data channel, some configuration/scheduling flexibility and coverage improvement for control/data channels can be achieved without requiring fast RF retuning.
· For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), it is the most flexible for control channel configuration. For data channel, by cross-slot scheduling, the most scheduling flexibility and coverage improvement can be achieved without requiring fast RF retuning.

[bookmark: _Hlk100832818]Spectral efficiency:
For UE bandwidth reduction Option 1 (i.e., RF is 5MHz), there will be some loss in frequency selective scheduling gain and uplink frequency hopping gain. With introducing fast RF retuning, as we observed for Rel-17 RedCap with 20MHz bandwidth, sometimes the gain from frequency hopping/selective scheduling is smaller than the loss caused by symbol puncturing due to RF retuning. For Rel-18 eRedCap with 5MHz bandwidth, further simulation with realistic assumptions for the fast RF retuning gap and position(s) is needed to check the performance. Details can be found in our companion contribution [2].
For UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channel), there may be some loss in the spectral efficiency due to the loss in frequency selective scheduling gain. However, it may be improved by flexible frequency selective scheduling with cross-slot scheduling.
For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), it may also have small loss in spectral efficiency. However, combining with cross-slot scheduling feature introduced in Rel-16, it can obtain the most frequency selective scheduling gain, resulting in no spectral efficiency degradation compared to Rel-17 RedCap.
Observation 2-4: 
· For UE bandwidth reduction Option 1 (i.e., RF is 5MHz), simulation with realistic assumption on the RF retuning gap/position is needed to check the loss caused by symbol puncturing due to RF retuning time vs. the gain by frequency hopping/frequency-selective scheduling.  
· For UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels), the spectral efficiency  may be improved by flexible frequency selective scheduling with cross-slot scheduling.
· For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), combining with cross-slot scheduling feature introduced in Rel-16, no network capacity and spectral efficiency degradation is expected compared to Rel-17 RedCap. 

Latency 
The latency requirement for the Rel-18 eRedCap use cases is expected to be satisfied by all the bandwidth reduction options. However, if RF retuning is supported for UE bandwidth reduction Option 1 (i.e., RF is 5MHz), cross-slot scheduling is used for UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels) and Option 3 (i.e., BB is 5MHz and applied to data channel only), there will be additional delay compared to Rel-17 RedCap. 
Observation 2-5: The three UE bandwidth options are expected to meet the latency requirement for the Rel-18 eRedCap use cases.
Observation 2-6: There will be additional latency introduced for UE bandwidth reduction Option 1 (i.e., RF is 5MHz) if it supports RF retuning and for UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels) and Option 3 (i.e., BB is 5MHz and applied to data channel only) if it uses cross-slot scheduling, compared toRel-17 RedCap.

Data rate:
Although bandwidth reduction may result in peak data rate reduction, all the three options of reducing UE bandwidth to 5MHz in FR1 can sufficiently support the peak data rate required for Rel-18 eRedCap use cases, which is up to 10Mbps. For example, with 64QAM and 1 MIMO layer, the DL peak data rate can be achived around 20 Mbps.
Observation 2-7:
· For FR1 with 5 MHz as maximum bandwidth using 1Rx 1 layer, the required data rate can be met regardless of the bandwidth reduction options. 
Power consumption:
Reducing the maximum bandwidth provides a reduction in power consumption due to the lower baseband processing requirements in some of the components, possibly including buffering and DL/UL processing blocks. So, for all the three options to reduce the UE bandwidth, there are some potential power saving gains. As agreed in [4], compared to 100MHz bandwidth for FR1, the power consumption scaled for XMHz is 0.4 + 0.6 * (X - 20) / 80. 
Observation 2-8:
· UE power consumption can be significantly reduced by the reduced maximum bandwidth.
2.4. Analysis of coexistence with legacy UEs
As observed, the UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only) can support all SCS combinations for PSS/SSS, PBCH and CORESET#0, it allows a Rel-18 RedCap UE to reuse existing procedures for acquiring SSB, SIB1, other SIBs, RAR and Msg4, if the PDSCH BW for these common signals are confined within 5MHz BW. However, for UE bandwidth reduction Option 1 (i.e., RF is 5MHz) and Option 2 (i.e., BB is 5MHz and applied to both control and data channel), PBCH and CORESET#0@30KHz can hardly be supported based on current design. If enhancement is needed for PDCCH associated with CORESET#0, it may have impact on legacy UEs. Alternatively, additonal CORESET#0 dedicated for 5MHz BW UE may be transmitted by the network at the cost of additional overhead. 
For all three options, if early eRedCap UE identification is not provided, supporting 5MHz bandwidth eRedCap UEs requires the gNB to schedule the PDSCH of SIBs, RAR, and Msg4 within 5 MHz bandwidth. Such scheduling restrictions may have an impact on performance of legacy UEs if they share the same initial BWP. 
Observation 2-9: For all the three UE bandwidth options, in case Rel-18 eRedCap UEs share the same initial BWP with the legacy UEs, it may have impacts on the performace of leagcy UEs when the initial DL BWP and the common channels (SIB/RAR/MSG4, etc) are shared between Rel-17 RedCap and Rel-18 eRedCap UEs. 

2.5. Analysis of specification impacts
[bookmark: _Hlk100833018]UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only) is expected to have small specification impacts. For Option 1 (i.e., RF is 5MHz) and Option 2 (i.e., BB is 5MHz and applied to both control and data channels), if supporting PBCH and CORESET#0@30KHz SCS is needed, specification work would be needed. In addition, to improve the Scheduling & Configuration flexibility, ensure network capacity and spectral efficiency,  Option 1 (i.e., RF is 5MHz) requires additional specification work to support the new function of fast RF retuning comapred to Option 2 for that corss-slot scheduling is already specified in Rel-16. 
Observation 2-10: 
· UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only) is expected to have small specification impacts.
· Specification work may be needed for Option 1 (i.e., RF is 5MHz) and Option 2 (i.e., BB is 5MHz and applied to both control and data channels) to support PBCH and CORESET#0@30KHz SCS.
· To support fast RF retuning, additional specification work is required for Option 1 (i.e., RF is 5MHz). 

3. [bookmark: _Hlk100835351]Relaxed UE processing time
3.1. Description of feature
In Rel-17 RedCap Study Item phase, the relaxed UE processing time was studied as one standalone technique for UE cost reduction [3]. For Rel-18 eRedCap, the relaxed UE processing time cannot work alone, as stated in the SID [1], it shoud be used in combination of UE bandwidth reduction to 5MHz and/or redcued UE peak data rate. In the following analysis for UE complexity reduction evaluation, the cost redution results for combining the relaxed UE processing time and reduced bandwidth to 5MHz, 1Rx, 1layer and 64QAM modulation are provided. The relaxed UE processing time in terms of N1/N2 is assumed to be doubled compared to those of capability #1 in the evaluation, i.e.,
-	N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
-	N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS

3.2. [bookmark: _Hlk100763819]Analysis of UE complexity reduction 
If the minimum processing time can be relaxed, it is possible to slow the processor with reduced clock frequency, possible distribution of computation load over time, possible reduced demands on parallel processing and chip area, and possible less complex channel decoder. The estimated cost reductions for the combined techniques are summarized in Table 3-1 for FDD case and Table 3-2 for TDD case. The detailed cost reductions by doubling UE processing time can be found in the excel file we submitted together with this contribution. 
Table 3-1 Cost reduction estimate from combined features for FDD
	FR1 FDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	Total reduction vs. R17 RedCap 

	Rel-17 RedCap UE with 20MHz, 1 layer, 1 Rx, 64QAM, HD-FDD Type A
	50.4%
	31.2%
	38.9%
	--

	5 MHz Opt.1, 1 layer, 1 Rx, 64QAM, HD-FDD Type A, Double N1/N2, 64QAM
	50.4%
	14.6%
	28.9%
	25.7%

	5 MHz Opt.2, 1 layer, 1 Rx, 64QAM, HD-FDD Type A, Double N1/N2, 64QAM
	66.38%
	15.4%
	29.4%
	24.4%

	5 MHz Opt.3, 1 layer, 1 Rx, 64QAM, HD-FDD Type A, Double N1/N2, 64QAM
	66.38%
	17.18%
	30.5%
	21.6%



Table 3-2 Cost reduction estimate from combined features for TDD
	FR1 TDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	Total reduction vs. R17 RedCap

	Rel-17 RedCap UE with 20MHz, 1 layer, 1 Rx, 64QAM
	41.9%
	15.7%
	26.2%
	--

	5 MHz Opt.1, 1 layer, 1 Rx, 64QAM, Double N1/N2
	41.9%
	8.7%
	22%
	16.0%

	5 MHz Opt.2, 1 layer, 1 Rx, 64QAM, Double N1/N2
	41.9%
	9.5%
	22.5%
	14.1%

	5 MHz Opt.3, 1 layer, 1 Rx, 64QAM, Double N1/N2
	41.9%
	10.6%
	23.1%
	11.8%



Observation 3-1: Compared to the Rel-17 simplest RedCap UE (i.e., 20MHz BW, 1layer, 1Rx, 64QAM and HD-FDD Type A for FDD, and 20MHz BW, 1layer, 1Rx, 64QAM for TDD), for Rel-18 eRedCap UE,
· The cost reduction for doubling N1/N2 combining with BW reduction Option 1, 1layer, 1Rx, 64QAM and HD-FDD Type A is 25.7% for FDD; the cost reduction for doubling N1/N2 combining with BW reduction Option 1 with 1layer, 1Rx, 64QAM is 16% for TDD.
· The cost reduction for doubling N1/N2 combining with BW reduction Option 2, 1layer, 1Rx, 64QAM and HD-FDD Type A is 24.4% for FDD; the cost reduction for doubling N1/N2 combining with BW reduction Option 2 with 1layer, 1Rx, 64QAM is 14.1% for TDD.
· The cost reduction for doubling N1/N2 combining with BW reduction Option 3, 1layer, 1Rx, 64QAM and HD-FDD Type A is 21.6% for FDD; the cost reduction for doubling N1/N2 combining with BW reduction Option 3 with 1layer, 1Rx, 64QAM is 11.8% for TDD.
[bookmark: _GoBack]Comparing between Table 3-1 and Table 2-1, between Table 3-2 and Table 2-2, following is observation:
Observation 3-2: 
· For a Rel-18 eRedCap UE (5MHz BW, 1Rx), doubling N1/N2 provides up to 4.6% and 6% additional cost savings relative to the simplest Rel-17 RedCap for HD-FDD and TDD case.
3.3. Analysis of performance impacts
Coverage:
It is expected that no significant coverage impact from a more relaxed UE processing time in terms of N1 and N2.
Spectral efficiency:
No impact on spectral efficiency or network capacity is expected from a more relaxed UE processing time in terms of N1 and N2 since gNB can schedule other UEs during the time that a UE using relaxed processing time to process receptions and/or transmissions.
Latency: 
Table 3-3 gives latency analysis for the relaxed UE processing time based on TR 37.910, following are assumed:
A TDD system with ‘DDSU’ pattern, the special slot S of {D : GP : U} = {10 : 2 : 2}. Configured grant PUSCH is assumed for safety related sensors that requiring 5-10ms latency. The CG-PUSCH duration is 14 symbols with only front-loaded DMRS, and its periodicity is 4 slots. PDCCH monitoring occasion periodicity = 1 slot.
Table 3-3 : UL user plane latency for NR TDD of DDSU with grant free transmission (ms)
	Component
(Unit symbols)
	UE capability 1
	eRedCap UE with doubled N1/N2

	
	30kHz
N1=10
N2=12
	120KHz
N1=20
N2=36
	30kHz
N1=20
N2=24
	120KHz
N1=40
N2=72

	1. UL data transfer
	T1 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx

	1.1 UE processing delay for PUSCH generation:  tUE,tx =Tproc,2/2
	6
	18
	12
	36

	1.2 Alignment delay (UL):  tFA,UL
	42
	42
	42
	42

	1.3 PUSCH duration:  tUL_duration
	14
	14
	14
	14

	1.4 gNB’s PUSCH decoding time:  tBS,rx 
=Tproc,1/2
	5
	10
	10
	20

	2. HARQ retransmission
	THARQ = T2 + T1
T2 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx (For Steps 2.1 to 2.4)

	2.1 gNB’s  UL grant preparation: tBS,tx=Tproc,1/2
	5
	10
	10
	20

	2.2 Alignment delay (DL):  tFA,DL
	4
	8
	8
	2

	2.3 PDCCH duration (UL grant):  tDL_duration
	1
	1
	1
	1

	2.4  UE processing delay for UL grant:  tUE,rx =Tproc,2/2
	6
	18
	12
	36

	2.5 Repeat UL data transfer from 1.1 to 1.4
	T1

	Total one way user plane latency for UL
	TUP= T1 + n×THARQ
where n is the number of re-transmissions (n≥0)

	Without Re-transmission n=0
	67 symbols
2.39ms
	84 symbols
0.75ms
	78 symbols
2.79ms
	112 symbols
1ms

	With 1 Re-transmission n=1
	5.36ms
	1.83ms
	6.69ms
	2.53ms



From Table 3-3, it is expected that the latency requirements for different use cases can be met by doubling the UE processing time capability in terms of N1/N2.
Data rate:
No impact on instantaneous peak data rate is expected from a more relaxed UE processing time in terms of N1 and N2, but the UE throughput may be reduced if the HARQ round trip time is extended. The throughput requirements identified for the RedCap use cases are still expected to be fulfilled.
Power consumption:
Relaxed UE processing time in terms of N1 and N2 may allow for processing with lower clock frequency and lower voltage which may help reducing the UE power consumption. 
Observation 3-3: For doubling UE processing time of N1/N2:
· The latency requirements can be met even for Rel-17 RedCap use cases including non-safety/safety related sensors, surveillance cameras and wearables.
· Power saving benefit can be obtained.
· No impacts on coverage.
· No impacts on spectral efficiency or network capacity.

3.4. [bookmark: _Hlk100835001]Analysis of coexistence with legacy UEs
[bookmark: _Hlk100932783]If relaxed UE processing time is applicable during the initial access, one potential impact for coexistence with legacy UEs is that if identification of Rel-18 eRedCap UEs before Msg2 is not supported, network may use a slower scheduling timeline for all the UEs, but it may be accepatble since the latency requirement for initial access procedure is not tight. Another possibility could be Rel-18 eRedCap UE operates using Capability #1 during initial access considering the amount of data to be processed during the initial access is small. After initial access, network can configure the eRedCap UE to operate with more relaxed processing timeline. Therefore, depending on the detailed discussion on how UE processing timeline is relaxed it may or may not have impacts on coexistence with legacy UEs. 
Observation 3-4: In case the relaxed UE processing time is used during the initial access, if early identification of Rel-18 eRedCap UE before Msg.2 is not supported/enabled, there may have some small imapcts on legacy UEs from access latency perspective. 
3.5. [bookmark: _Hlk100835205]Analysis of specification impacts
A new UE processing time capability needs to be defined if relaxed UE processing time is supported. 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 related to the default TDRA table and HARQ-ACK timing range may also need to be updated.
Observation 3-5: The expected specification impacts include at least defining a new values and related UE capability to uspport the relaxed relaxed UE processing time.

4. [bookmark: _Hlk100835369][bookmark: _Hlk100764513]Reduced UE peak data rate 
4.1. Description of feature
For reduced UE peak data rate, following two potential techniques can be considered.
· Reduce scaling factors for DL/UL peak data rates 
· Further relax the maximum modulation order from 64QAM to 16QAM.
For reducing the scaling factors, it was also related to L2 buffer size which was discussed in both RAN1 [4] and RAN2 [5] for Rel-17 RedCap UEs. Although it was not supported For Rel-17 RedCap UEs which targets a relatively high-end RedCap device, for Rel-18 eRedCap targeting a low-end RedCap device which supports maximum 5MHz bandwidth, reducing the scaling factors becomes more necessary. Following options that discussed in Rel-17 can be further considered [4].      
· Opt. 2: Scaling factors for peak DL/UL rates with existing values {0.4, 0.75, 0.8, 1} are available to Rel-18 eRedCap UEs, with the relaxation/removal of the constraint on the minimum value of the product of max number of layers, max modulation order, and scaling factor as applicable for single carrier NR SA operation.
· Opt. 3: Scaling factors for peak DL/UL rates with existing values {0.4, 0.75, 0.8, 1} and new smaller values from one or more of: {0.1, 0.2} are available to Rel-18 eRedCap UEs, with the relaxation/removal of the constraint on the minimum value of the product of max number of layers, max modulation order, and scaling factor as applicable for single carrier NR SA operation
For further relaxing the maximum modulation order, it was supported to relax it from 256QAM to 64QAM for PDSCH in Rel-17 RedCap. For Rel-18 eRedCap, it can be considered to further relax the modulation order from 64QAM to 16QAM. As anylized in Table 4-1, the peak data rate of 10Mbps can be met by reducing the modulation order from 64QAM to 16QAM. 
Table 4-1: Downlink peak data rate assuming scaling factor =1
	5MHz BW
	Number of MIMO layers
	Maximum modulation order
	Peak data rate (Mbps)

	25PRBs @15KHz
	1
	64QAM
	20

	
	1
	16QAM
	13.4

	12PRBs @30KHz
	1
	64QAM
	19.26

	
	1
	16QAM
	12.84

	Based on TS 38.306, 



Proposal 4-1: For reduced UE peak data rate, following two potential techniques can be considered.
· Reduce scaling factors for DL/UL peak data rates 
· Further relax the maximum modulation order from 64QAM to 16QAM.

4.2. Analysis of UE complexity reduction 
For reducing the scaling factors, it is related to L2 buffer size reduction, which focus more on memory component. It may be different from RF and BB components that RAN1 focus on. Therefore, further discussion is needed on whether/how RAN1 should make quantitative estimates on the cost reduction.
Proposal 4-2: Discuss further whether and how RAN1 should evaluate the cost reduction from reducing the scaling factors for DL/UL peak data rate.  
For further relaxing the maximum modulation order, Table 4-2 provide the cost reductions. More details can be found in the excel document we submitted together with this contribution. 
Table 4-2 : Cost reduction estimate from modulation order relaxation
	Modulation order
	From 256QAM to 64QAM
	From 256QAM to 16QAM
	Total reduction vs. R17 RedCap

	Components
	RF cost metric
	BB cost metric
	Total cost metric
	RF cost metric
	BB cost metric
	Total cost metric
	

	FR1 FDD
	97.8%
	90.3%
	93.3%
	96.6%
	80.5%
	86.9%
	7%

	FR1 TDD
	97.3%
	91.1%
	93.6%
	95.9%
	82.3%
	87.7%
	6.3%



Observation 4-1: For FR1, when the maximum modulation order for DL is further reduced from 64QAM to 16QAM, the overall estimated cost savings is around 6% -7%;

4.3. Analysis of performance impacts
Coverage:
Reducing the peak rate does not have coverage loss. 
Spectral efficiency:
Reducing the maximum modulation order reduces the spectral efficiency.
Latency: 
Reducing the peak rate may have latency impacts. However, it is expected that the latency requirement for the Rel-18 eRedCap use cases is satisfied.
Data rate:
Although peak data rate is reduced, the UE is able to sufficiently fulfil the 10Mbps peak data rate requirement for Rel-18 RedCap uses cases.
Power consumption:
Power consumption may be reduced since higher data rate consumes larger power than that of lower data rate.
Observation 4-2: For reduced UE peak data rate,
· No impacts on coverage.
· It may reduce the spectral efficiency.
· The latency requirement for the Rel-18 eRedCap use cases is expected to be satisfied.
· 10Mbps peak data rate requirement for Rel-18 RedCap uses cases can be met.
· Power consumption may be reduced.

4.4. Analysis of coexistence with legacy UEs
[bookmark: _Hlk102123126]No coexistence impacts are found by the reduced UE peak data rate.
4.5. Analysis of specification impacts
Overall, the specification impact for reduing the peak data rate is small.

Observation 4-3: The reduced peak data rate has no coexistence issue and is expected to have small specification impacts.

5. Conclusion
This contribution discusses complexity reduction features for RedCap devices. The observations and proposals are summarized as following:

For UE bandwidth reduction to 5MHz:
Observation 2-1: Compared to the Rel-17 simplest RedCap UE (i.e., 20MHz BW, 1layer, 1Rx, 64QAM and HD-FDD Type A for FDD, and 20MHz BW, 1layer, 1Rx, 64QAM for TDD), for Rel-18 eRedCap UE, 
· The cost reduction for BW reduction Option 1 with 1layer, 1Rx, 64QAM and HD-FDD Type A is 21.6% for FDD; the cost reduction for BW reduction Option 1 with 1layer, 1Rx, 64QAM is 11.5% for TDD.
· The cost reduction for BW reduction Option 2 with 1layer, 1Rx, 64QAM and HD-FDD Type A is 21.1% for FDD; the cost reduction for BW reduction Option 2 with 1layer, 1Rx, 64QAM is 9.5% for TDD.
· The cost reduction for BW reduction Option 3 with 1layer, 1Rx, 64QAM and HD-FDD Type A is 17% for FDD; the cost reduction for BW reduction Option 3 with 1layer, 1Rx, 64QAM is 5.7% for TDD.
Observation 2-2:
· For UE bandwidth reduction Option 1 (i.e., RF is 5MHz) and Option 2 (i.e., BB is 5MHz and applied to both control and data channel), there is no coverage loss to support SSB and CORESET#0 with 24 PRBs for 15KHz SCS; Significant coverage loss is expected to support SSB and CORESET#0 for 30KHz SCS based on current design.
· For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), there is no coverage loss to support all SCS combinations for PSS/SSS, PBCH and CORESET#0.
Observation 2-3: 
· For UE bandwidth reduction Option 1 (i.e., RF is 5MHz), the  benefit of fast RF retuning should be evaluated considering the achievable frequency diversity gain, impact from symbol puncturing, UE complexity and power consumption etc. 
· For UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels), by pre-defining the frequency-domain locations/hopping patterns over 20MHz for both control and data channels or by cross-slot scheduling for data channel, some configuration/scheduling flexibility and coverage improvement for control/data channels can be achieved without requiring fast RF retuning.
· For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), it is the most flexible for control channel configuration. For data channel, by cross-slot scheduling, the most scheduling flexibility and coverage improvement can be achieved without requiring fast RF retuning.
Observation 2-4: 
· For UE bandwidth reduction Option 1 (i.e., RF is 5MHz), simulation with realistic assumption on the RF retuning gap/position is needed to check the loss caused by symbol puncturing due to RF retuning time vs. the gain by frequency hopping/frequency-selective scheduling.  
· For UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels), the spectral efficiency may be improved by flexible frequency selective scheduling with cross-slot scheduling.
· For UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only), combining with cross-slot scheduling feature introduced in Rel-16, no network capacity and spectral efficiency degradation is expected compared to Rel-17 RedCap. 
Observation 2-5: The three UE bandwidth options are expected to meet the latency requirement for the Rel-18 eRedCap use cases.
Observation 2-6: There will be additional latency introduced for UE bandwidth reduction Option 1 (i.e., RF is 5MHz) if it supports RF retuning and for UE bandwidth reduction Option 2 (i.e., BB is 5MHz and applied to both control and data channels) and Option 3 (i.e., BB is 5MHz and applied to data channel only) if it uses cross-slot scheduling, compared toRel-17 RedCap.
 Observation 2-7:
· For FR1 with 5 MHz as maximum bandwidth using 1Rx 1 layer, the required data rate can be met regardless of the bandwidth reduction options. 
Observation 2-8:
· UE power consumption can be significantly reduced by the reduced maximum bandwidth.
Observation 2-9: For all the three UE bandwidth options, in case Rel-18 eRedCap UEs share the same initial BWP with the legacy UEs, it may have impacts on the performace of leagcy UEs when the initial DL BWP and the common channels (SIB/RAR/MSG4, etc) are shared between Rel-17 RedCap and Rel-18 eRedCap UEs. 
Observation 2-10: 
· UE bandwidth reduction Option 3 (i.e., BB is 5MHz and applied to data channel only) is expected to have small specification impacts.
· Specification work may be needed for Option 1 (i.e., RF is 5MHz) and Option 2 (i.e., BB is 5MHz and applied to both control and data channels) to support PBCH and CORESET#0@30KHz SCS.
· To support fast RF retuning, additional specification work is required for Option 1 (i.e., RF is 5MHz). 
 
For relaxed UE processing time:
Observation 3-1: Compared to the Rel-17 simplest RedCap UE (i.e., 20MHz BW, 1layer, 1Rx, 64QAM and HD-FDD Type A for FDD, and 20MHz BW, 1layer, 1Rx, 64QAM for TDD), for Rel-18 eRedCap UE,
· The cost reduction for doubling N1/N2 combining with BW reduction Option 1, 1layer, 1Rx, 64QAM and HD-FDD Type A is 25.7% for FDD; the cost reduction for doubling N1/N2 combining with BW reduction Option 1 with 1layer, 1Rx, 64QAM is 16% for TDD.
· The cost reduction for doubling N1/N2 combining with BW reduction Option 2, 1layer, 1Rx, 64QAM and HD-FDD Type A is 24.4% for FDD; the cost reduction for doubling N1/N2 combining with BW reduction Option 2 with 1layer, 1Rx, 64QAM is 14.1% for TDD.
· The cost reduction for doubling N1/N2 combining with BW reduction Option 3, 1layer, 1Rx, 64QAM and HD-FDD Type A is 21.6% for FDD; the cost reduction for doubling N1/N2 combining with BW reduction Option 3 with 1layer, 1Rx, 64QAM is 11.8% for TDD.
Observation 3-2: 
· For a Rel-18 eRedCap UE (5MHz BW, 1Rx), doubling N1/N2 provides up to 4.6% and 6% additional cost savings relative to the simplest Rel-17 RedCap for HD-FDD and TDD case.
Observation 3-3: For doubling UE processing time of N1/N2:
· The latency requirements can be met even for Rel-17 RedCap use cases including non-safety/safety related sensors, surveillance cameras and wearables.
· Power saving benefit can be obtained.
· No impacts on coverage.
· No impacts on spectral efficiency or network capacity.
Observation 3-4: In case the relaxed UE processing time is used during the initial access, if early identification of Rel-18 eRedCap UE before Msg.2 is not supported/enabled, there may have some small imapcts on legacy UEs from access latency perspective. 
Observation 3-5: The expected specification impacts include at least defining a new values and related UE capability to uspport the relaxed relaxed UE processing time.
 
For reduced UE peak data rate:
Proposal 4-1: For reduced UE peak data rate, following two potential techniques can be considered.
· Reduce scaling factors for DL/UL peak data rates 
· Further relax the maximum modulation order from 64QAM to 16QAM.
Proposal 4-2: Discuss further whether and how RAN1 should evaluate the cost reduction from reducing the scaling factors for DL/UL peak data rate.  
Observation 4-1: 
· For FR1, when the maximum modulation order for DL is further reduced from 64QAM to 16QAM, the overall estimated cost savings is around 6% -7%;
Observation 4-2: For reduced UE peak data rate,
· No impacts on coverage.
· It may reduce the spectral efficiency.
· The latency requirement for the Rel-18 eRedCap use cases is expected to be satisfied.
· 10Mbps peak data rate requirement for Rel-18 RedCap uses cases can be met.
· Power consumption may be reduced.
Observation 4-3: The reduced peak data rate has no coexistence issue and is expected to have small specification impacts.
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