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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#109-e meeting, following agreements were made [1]:
	Evaluation methodology for UE complexity reduction

Agreement:
For cost reduction estimation, the detailed cost breakdown for the Rel-15 reference NR devices (as provided in Table 6.1-1 in TR 38.875) is reused.

Agreement:
For comparison with a Rel-17 baseline when evaluating the potential Rel-18 UE complexity reduction features,
· The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
· In addition, optional results for the following comparisons can also be reported:
· Results for HD-FDD UEs
· Results for UEs with 2 Rx
· In all comparisons, the UEs being compared have the same number of antenna branches, the same number of layers, the same maximum supported modulation order, and the same duplex mode (among HD-FDD, FD-FDD, and TDD).

Agreement:
· The impact on memory size/cost/complexity (external to the RF and BB parts) from the studied UE complexity reduction features can be considered in the study.
· This potential impact will not be included in the quantitative UE complexity reduction estimates.
· L2 buffer size assumptions can be based on TS 38.306 clause 4.1.4 (“Total layer 2 buffer size for DL/UL”).
· FFS whether/how to capture in the TR

Agreement:
For each potential Rel-18 further UE complexity reduction feature, at least the following aspects will be studied:
· UE complexity reduction
· Performance impacts [details FFS]
· Network deployment and coexistence impacts [details FFS]
· Specification impacts


Further UE bandwidth reduction

Agreement:
· 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.

Agreement:
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.


Further UE peak rate reduction

Agreement:
· 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.

Agreement:
· The restricted number of PRBs in Option PR3 is a hardcoded limit.

Agreement:
· For Option PR1,
· [bookmark: _Hlk109203195]The relaxed constraint is 1 (instead of 4).
· Other values for the relaxed constraint that meet the 10-Mbps peak rate target can optionally be studied.
· The parameters (, , ) [38.306] can be as in Rel-17 RedCap.
· For Option PR2,
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· For 30 kHz SCS, the maximum TBS is 5000 bits per TB and per slot.
· For Option PR3,
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· Other number of RBs that meet the 10-Mbps peak rate target can optionally be studied.
· Note: It is not precluded to report results also for other values.
· Relevant assumptions (e.g., regarding potential limitations of the TBS sum in case of more than one simultaneous TB) should be reported.


Relaxed UE processing timeline

Agreement:
· The following options for relaxed UE processing timeline will be studied:
· [bookmark: _Hlk109913121]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.

Agreement:
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.


Combinations of UE complexity reduction techniques

Agreement:
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2




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
Following three options for BW reduction to 5MHz were agreed to be studied.
· 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.
For BW1, the maximum bandwidth for RF and BB is 5MHz. If the location of the 5MHz BW changes for RF, RF retuning is required to be tuned to the interested 5MHz bandwidth. 
[bookmark: _Hlk109634949]For BW2, the maximum bandwidth for RF is still 20MHz. For baseband control and data channels, it is 5MHz. Compared to BW1, the bandwidth for ADC/DAC and FFT/IFFT is assumed to be the same as RF bandwidth since the signal enters the ADC can be wideband, hence no cost saving for ADC/DAC and FFT/IFFT components. However, for BW2, it is easier to change the received 5MHz bandwidth in the digital domain without RF retuning. 
For BW3, the maximum bandwidth for RF and for control channel processing is 20MHz, for PDSCH processing, it is 5MHz while for UL channels, it is 20MHz. Similar as BW2, BW3 can easily change the interested 5MHz bandwidth in the digital domain without RF retuning. Different from BW2, BW3 allows the control channel and UL channels to cross the 20MHz bandwidth, hence the processing for control channel and UL channels are still 20MHz resulting less cost for DL control processing & decoder and UL processing block. The cost for post-FFT data buffering and Receiver processing block is reduced for BW3 assuming cross-slot scheduling is used. 
In the following sections, the UE complexity reduction, performance impacts, coexistence with legacy UEs and the specification impact are analyzed for different BW reduction options.
2.2. [bookmark: _Hlk109635079]Analysis of UE complexity reduction 
For BW1, UE can only transmit and receive on the maximum 5MHz in both RF and BB. The cost savings can be achieved for components that can scale with BW and/or sampling rate. For BW2 and BW3, the expected cost savings mainly come from LDPC decoding, HARQ buffer etc. Since the RF still supports 20MHz bandwidth for BW2 and BW3, BB processing parts like ADC/DAC, FFT/IFFT should support 20MHz bandwidth as well, resulting no cost savings for these parts compared to BW1. Comparing to BW3, BW2 achieves additional cost savings for the BB processing parts in terms of DL control processing & decoder and UL processing block. 
The estimated cost metric and cost reduction relative to Rel-17 baseline RedCap of TDD, FDD and HD-FDD for the three BW reduction options are summarized in Table 2-1, 2-2 and 2-3. It is noted that for the RF components, when the BW is reduced from 100MHz to 20MHz, there is around 58% and 34% cost saving for TDD and FDD. However, when the BW is further reduced to 5MHz, there is almost no cost saving contributed by RF componnets. 
Table 2-1 Cost estimate from reduced bandwidth to 5MHz for TDD
	[bookmark: _Hlk109654365]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
	41.86%
	15.71%
	26.17%
	--

	5 MHz BW1, 1 layer, 1 Rx, 64QAM
	41.86%
	10.74%
	23.19%
	11.39%

	5 MHz BW2, 1 layer, 1 Rx, 64QAM
	41.86%
	11.53%
	23.66%
	9.57%

	5 MHz BW3, 1 layer, 1 Rx, 64QAM
	41.86%
	13.73%
	24.99%
	4.53%



Table 2-2 Cost estimate from reduced bandwidth for FDD
	[bookmark: _Hlk109228298]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
	66.38%
	23.58%
	40.70%
	--

	5 MHz Opt.1, 1 layer, 1 Rx, 64QAM
	66.38%
	16.37%
	36.37%
	10.62%

	5 MHz Opt.2, 1 layer, 1 Rx, 64QAM
	66.38%
	17.56%
	37.09%
	8.86%

	5 MHz Opt.3, 1 layer, 1 Rx, 64QAM
	66.38%
	19.87%
	38.47%
	5.47%



Table 2-3 Cost estimate from reduced bandwidth for HD-FDD
	FR1 HD-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
	50.38%
	23.58%
	34.30%
	--

	5 MHz Opt.1, 1 layer, 1 Rx, 64QAM
	50.38%
	16.37%
	29.97%
	12.61%

	5 MHz Opt.2, 1 layer, 1 Rx, 64QAM
	50.38%
	17.56%
	30.69%
	10.52%

	5 MHz Opt.3, 1 layer, 1 Rx, 64QAM
	50.38%
	19.87%
	32.07%
	6.49%



Observation 2-1: In case of TDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for BW reduction to 5MHz
· Option BW1 is 11.39%; 
· Option BW2 is 9.57%; 
· Option BW3 is 4.53%.
Observation 2-2: In case of FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for BW reduction to 5MHz
· Option BW1 is 10.62%; 
· Option BW2 is 8.86%; 
· Option BW3 is 5.47%.
Observation 2-3: In case of HD-FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for BW reduction to 5MHz
· Option BW1 is 12.61%; 
· Option BW2 is 10.52%; 
· Option BW3 is 6.49%.

2.3. Analysis of performance impacts
Coverage:
Generally, UE bandwidth reduction reduces the coverage due to the reduced frequency diversity. 
For BW reduction option BW3, the coverage for SSB, CORESET#0 and uplink channels are the same as Rel-17 RedCap UE since the 5 MHz BB bandwidth is only for both unicast and broadcast PDSCH. For SIB1 PDSCH with moderate TBS size of 1256bits, as evaluated in our companion contribution [2], when the allocated frequency domain resources are smaller than 5MHz, there is no coverage loss compared to Rel-17 RedCap UE. However, when the allocated frequency domain resources are larger than 5MHz, some coverage loss can be observed for BW3. The extent of the coverage degradation depends on the number of allocated PRBs and MCS.  
For BW reduction option BW1 and BW2, same observation as BW3 can be made for SIB1 PDSCH for the case with the frequency domain resource allocation for SIB1 larger or smaller than 5MHz. About the coverage for the SSB and CORESET#0, there is no coverage loss for SSB@15KHz SCS and CORESET#0@15KHz SCS with AL≤8, i.e., rural scenario at 700MHz. However, for SSB@30KHz SCS and CORESET#0@30KHz SCS or CORESET#0@15KHz SCS with AL =16, significant coverage loss can be observed if no enhancement e.g. receiving and combining PBCH/CORESET#0 repetitions is performed. More details about the coverage evaluations can be found in our companion contribution [2].
Observation 2-4:
· About the coverage for SSB and CORESET#0 compared to Rel-17 RedCap supporting 20MHz BW, 
· For UE bandwidth reduction Option BW1 and BW2, 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 BW3, there is no coverage loss to support all SCS combinations for SSB and CORESET#0 coma.
· About the coverage for SIB1 PDSCH compared to Rel-17 RedCap supporting 20MHz BW, there is no coverage loss if the BW allocation for SIB1 PDSCH does not exceed 5MHz; Otherwise, coverage is reduced for SIB1 PDSCH. 

[bookmark: _Hlk100762822]Scheduling & Configuration flexibility 
For UE bandwidth reduction Option BW1, the location for the reduced RF and BB bandwidth should be fixed in the carrier. Therefore, the frequency domain resource for control and data channels is also fixed, leading to almost 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, different frequency locations for 5MHz RF and BB bandwidth can be predefined by introducing the hopping pattern(s). 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. The feasible RF retuning time and its implication to UE complexity and power consumption also needs to carefully studied. 
For UE bandwidth reduction Option BW2, compared to BW1, it can avoid 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 for at least monitoring control channels. Therefore, by pre-defining the hopping pattern(s) for the 5MHz bandwidth and/or using cross-slot scheduling, some configuration/scheduling flexibility can be obtained. The coverage for control and data channels are expected to be improved due to higher frequency diversity and no RF retuning gap for BW2. 
For UE bandwidth reduction Option BW3, it has the most configuration flexibility for control channel. For data channel, to have the full scheduling flexibility and meanwhile reducing the cost for post FFT-buffering and Receiver processing block, it is desirable to support cross-slot scheduling for the UE to know the correct sub-band for data buffering assuming cross-slot scheduling leaves sufficient time for DCI decoding. 
Observation 2-5: 
· For UE bandwidth reduction Option BW1, the benefit of fast RF retuning should be evaluated considering the achievable frequency diversity gain, transmission interruptions caused by RF retuning time, UE complexity and power consumption etc. 
· For UE bandwidth reduction Option BW2, 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 BW3, 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 BW1, there will be some loss in frequency selective scheduling gain and uplink frequency hopping gain. With fast RF retuning, if the retuning time occupies the effective transmission symbols, 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. 
For UE bandwidth reduction Option BW2, spectral efficiency may be degraded due to the loss in frequency selective scheduling gain. However, it can be improved if cross-slot scheduling is used or some hopping patterns can be predefined/preconfigured.
For UE bandwidth reduction Option BW3, 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 2-6: 
· For UE bandwidth reduction Option BW1, it is expected to have some loss in spectral efficiency at least for the case without fast RF retuning. With fast RF retuning, simulation with realistic assumption on the RF retuning gap/position is needed to check the gain by frequency hopping/frequency-selective scheduling and the loss caused by symbol puncturing due to RF retuning time.  
· For UE bandwidth reduction Option BW2, the spectral efficiency is expected to be improved by flexible frequency selective scheduling with cross-slot scheduling or with redefined/preconfigured hopping patterns.
· For UE bandwidth reduction Option BW3, combining with cross-slot scheduling feature introduced in Rel-16, no 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 option BW1, BW2 and BW3. However, if RF retuning is supported for Option BW1, cross-slot scheduling is used for Option BW2 and Option BW3, there will be additional delay compared to Rel-17 RedCap. 
Observation 2-7: The three UE bandwidth options are expected to meet the latency requirement for the Rel-18 eRedCap use cases.
Observation 2-8: There will be additional latency introduced for UE bandwidth reduction Option BW1 if it supports RF retuning and for UE bandwidth reduction Option BW2 and Option BW3 if it uses cross-slot scheduling, compared to Rel-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 achieved around 20 Mbps.
Observation 2-9:
· 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 Table 21 of [3], compared to 100MHz bandwidth for FR1, the power consumption scaled for XMHz is 0.4 + 0.6 * (X - 20) / 80. 
Observation 2-10:
· UE power consumption can be significantly reduced by the reduced maximum bandwidth for all the three BW reduction options.
2.4. [bookmark: _Hlk109832454][bookmark: _Hlk109635109]Analysis of coexistence with legacy UEs
For UE BW reduction Option BW3, it can support all SCS combinations for SSB and CORESET#0, it allows a Rel-18 RedCap UE to reuse the existing procedure for acquiring SSB and PDCCH associated with CORESET#0. 
For UE BW reduction Option BW1 and BW2, there is no issue to support SSB@15KHz and share the CORESET#0 @15KHz with 24 PRBs with leagcy UEs. For other configurations such as SSB@30KHz and/or CORESET#0@30KHz or CORESET#0@15KHz with 48PRBs, they can hardly be supported for Rel-18 eRedCap UEs based on current design for Rel-18 eRedCap. Therefore, signficant coexistence impacts can be expected for BW1 and BW2. 
For all three BW reduction options, it requires the gNB to schedule the SIB1 and OSIs within 5 MHz bandwidth. If early identification of Rel-18 eRedCap is NOT supported, the BW allocation for RAR PDSCH for all three BW reduction options, and for MSG3 for BW1 and BW2 also need to be confined within 5MHz. Such scheduling restrictions may have an impact on performance of legacy UEs if they share the same initial BWP. 
Observation 2-11: 
· For BW reduction option BW1 and 2, it has some coexistence issue with legacy UEs in terms of SSB/CORESET@30KHz SCS and CORESET#0@15KHz with 48PRBs.
· For BW reduction option BW3, it has no coexistence issue with legacy UEs from SSB/CORESET perspective.
· For all the BW reduction options BW1, BW2 and BW3, there is no coexistence issue with legacy UEs if the common channels such as SIB1, OSI, RAR, MSG3 etc are scheduled within 5MHz; Otherwise, there is some coexistence issue with legacy UEs. 

2.5. Analysis of specification impacts
As analyzed for the coexistence with legacy UEs in the last section, and also based on the knowlege for Rel-17 RedCap coexistence with legacy UEs, 
· [bookmark: _Hlk109895296]for bandwidth reduction Option BW1 and BW2, similar discussions on whether/how to introduce the separate initial BWP with the maiximum BW size of 5MHz, whether/how to ensure SSB transmission in the separate initial DL BWP, center frequency alignment in TDD operation, whether/how to support early identification for Rel-18 eRedCap etc. Besides, for NW operating SSB/CORESET#0@30KHz SCS, additional specification work is needed to ensure the coverage performance, for example, new CORESET#0/new SIB1 specifically for Rel-18 eRedCap can be defined or NW needs to ensure using the the same AL, search space candidate index, same DCI contents for transmitting PDCCH using CORESET#0 so that UE can combine the PDCCH repetitions. In addition, BW1 may require additional specification work to support fast RF retuning comapred to BW2 for better scheduling and configuration flexibility.
· for bandwidth reduction Option BW3, it is expected to have small specification impacts. Since only PDSCH BW is limited to 5MHz, it can share the separate initial BWP with the Rel-17 RedCap if needed. Only if the SIB1/OSIs/RAR is scheduled beyond 5MHz, potential specification impact may be needed to support the early identification of Rel-18 eRedCap. 
Observation 2-12: 
· For UE bandwidth reduction Option BW1 and BW2, significant specification impacts are expected for supporting SSB/CORESET #0 @30KHz SCS, separate initial BWP operation, SSB transmission within the active BWP, center frequency alignment in TDD operation and early identification etc. 
· For UE bandwidth reduction Option BW3, the overall specification impact is small.  
Based on above cost reducation evaluations, analysis for the performance impacts, coexistence with legacy UEs and specification impacts, we have following proposal: 
Proposal 1: If further UE bandwidth reduction to 5MHz is to be supported, down-select one of the following options:
· 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

3. [bookmark: _Hlk100835369][bookmark: _Hlk100764513]Reduced UE peak data rate 
3.1. Description of feature
For reduced UE peak data rate, following three options are agreed to 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.
For PR1, it was agreed the parameters max number of layers: , max modulation order:   and scaling factor:  are not relaxed compared to the Rel-17 RedCap UEs. While the constraint on the minimum value of the product of the three parameters can be relaxed.  As shown in the approximate data rate calculation equation in Clause 4.1.2 of TS 38.306, see below: 


When the constraint is relaxed to 1(instead of 4), the peak data rate for Rel-18 eRedCap becomes 13.65 Mbps for DL and 14.6 Mbps for UL with 15KHz SCS; 14.2Mbps for DL and 15.2Mbps for UL with 30KHz SCS, which can meet the target data rate requirement of 10Mbps. 
For PR2, based on the 10Mbps target data rate for Rel-18 eRedCap, it was agreed that the maximum TBS can be reduced to 10000bits with 15KHz SCS and 5000bits with 30KHz SCS.
For PR3, by restricting the maximum number of PRBs according to the 5MHz bandwidth i.e., the maximum number of RBs is 25 for 15KHz SCS and the maximum number of RBs is 11 for 30KHz SCS, the peak data rate can be reduced to13.4Mbps for DL and 14.3Mbps for UL with 15 kHz SCS and 11.8 Mbps for DL and 12.6 Mbps for UL with 30 kHz SCS.

3.2. Analysis of UE complexity reduction 
The cost metric and cost reduction relative to Rel-17 baseline RedCap of TDD, FDD and HD-FDD for the three options are presented in Table 3-1, 3-2 and 3-3. For the three options, the resource allocation can span a bandwidth of maximum 20 MHz, the cost reduction is mainly from the components of LDPC decoding, HARQ buffer and UL processing block. For BW reduction option BW3, in addition to the cost reduction from the components of LDPC decoding and HARQ buffer, the cost for post-FFT data buffering and Receiver processing block can be reduced as well assuming cross-slot scheduling is used. However, for BW3, the cost for UL processing block cannot be reduced since the UL channels/signals are still allowed to use a BW up to the 20 MHz maximum UE RF+BB bandwidth. 
Table 3-1: Cost estimates for reduced UE peak data rate options for TDD
	[bookmark: _Hlk109655040]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
	41.86%
	15.71%
	26.17%
	--

	PR1, 1 layer, 1 Rx, 64QAM
	41.86%
	13.24%
	24.69%
	5.67%

	PR2, 1 layer, 1 Rx, 64QAM
	41.86%
	13.01%
	24.55%
	6.18%

	PR3, 1 layer, 1 Rx, 64QAM
	41.86%
	13.10%
	24.60%
	5.99%



Table 3-2: Cost estimates for reduced UE peak data rate options 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
	66.38%
	23.58%
	40.70%
	--

	PR1, 1 layer, 1 Rx, 64QAM
	66.38%
	20.35%
	38.76%
	4.75%

	PR2, 1 layer, 1 Rx, 64QAM
	66.38%
	20.06%
	38.59%
	5.18%

	PR3, 1 layer, 1 Rx, 64QAM
	66.38%
	20.17%
	38.65%
	5.02%



Table 3-3: Cost estimates for reduced UE peak data rate options for HD-FDD
	FR1 HD-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
	50.38%
	23.58%
	34.30%
	--

	PR1, 1 layer, 1 Rx, 64QAM
	50.38%
	20.35%
	32.36%
	5.64%

	PR2, 1 layer, 1 Rx, 64QAM
	50.38%
	20.06%
	32.19%
	6.14%

	PR3, 1 layer, 1 Rx, 64QAM
	50.38%
	20.17%
	32.25%
	5.96%



Observation 3-1: In case of TDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for reduced UE peak data rate Option
· PR1 is 5.67%; 
· PR2 is 6.18%; 
· PR3 is 5.99%.
Observation 3-2: In case of FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for reduced UE peak data rate Option
· PR1 is 4.75%; 
· PR2 is 5.18%; 
· PR3 is 5.02%.
Observation 3-3: In case of HD-FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for reduced UE peak data rate Option
· PR1 is 5.64%; 
· PR2 is 6.14%; 
· PR3 is 5.96%.
Observation 3-4: Generally, the cost savings for all PR options and BW3 are similar. 
Proposal 2: Down-select one of the following techniques to reduce the UE cost and complexity:
· BW reduction 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
· PR1: Relaxation of the constraint   for peak data rate reduction.
· PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH
3.3. Analysis of performance impacts
Coverage:
For the three PR options, it does not expect to have coverage loss. 
Spectral efficiency:
For the three PR options, it does not expect to have big impacts on the spectral efficiency.
Latency: 
Reducing the peak data rate may have latency impacts. However, it is expected that the latency requirement for the Rel-18 eRedCap use cases is satisfied.
Data rate:
For the three PR options, the peak data rate is reduced, but the UE is still 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 3-5: For the three reduced UE peak data rate options,
· No impacts on the coverage.
· No significant impacts on 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.

3.4. Analysis of coexistence with legacy UEs
For all the three peak data rate reduction options, there is no coexistence issues with legacy UEs as long as the peak data rate i.e., around 10Mbps are sufficient to support SIB1, OSIs, RAR, Msg3, and Msg4. For PR3, it is similar as BW3 that it further requires the BW for scheduling the SIB1, OSIs, RAR and Msg4 not exceed 5MHz, such scheduling restriction may have some impact on legacy UEs. 
Observation 3-6: 
· For PR1 and PR2, there is no or small coexistence issue;
· For PR3, similar as BW3, it requires SIB1, OSI, RAR, MSG4 are scheduled within 5MHz which may have some impact on legacy UEs. 

3.5. Analysis of specification impacts
The overall specification impact for the three reduced peak data rate options is small.
[bookmark: _Hlk111221286]Observation 3-7: The three reduced peak data rate options are expected to have small specification impacts.

4. [bookmark: _Hlk100835351]Relaxed UE processing time
4.1. 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 [4]. It was observed that compared to Rel-15 reference NR device, the average estimated cost reduction from PT1 (i.e., relaxed UE processing time for PDSCH/PUSCH in terms of doubling N1 and N2) is ~6% for FR1 FDD, and ~6% for FR1 TDD; the estimated cost reduction from PT2 (i.e., relaxed UE processing time for CSI in terms of doubling Z and Z’) is ~5% for FR1 FDD and ~4.5% for FR1 TDD. Following two points need to be emphasized for relaxed UE processing time studied in Rel-17:
· The reference UE to compare the cost reduction brought by relaxed UE processing time is Rel-15 non-RedCap UE; 
· The cost reduction gain is estimated separately for PT1 and PT2. In other words, the cost reduction gain brought by combination with PT1 and PT2 is not estimated. 
Although the relaxed UE processing time should not work alone as stated in the SID [5] for Rel-18 eRedCap, given the reference UE for comparison becomes Rel-17 RedCap UE, it is still meaningful to check the cost reduction gain brought by relaxed processing timeline as one standalone technique and estimate the cost reduction gain by combining PT1with PT2. 
Observation 4-1: In Rel-17 RedCap SI, the cost reduction is not estimated for PT1 combined with PT2 and the reference UE is Rel-15 non-RedCap UE for comparison.
[bookmark: _Hlk109812563][bookmark: _Hlk109812277]Observation 4-2: In Rel-18 eRedCap SI, it is beneficial to evaluate the cost reduction for relaxed processing timeline especially combining the PT1 with PT2 as one standalone technique and use Rel-17 RedCap as the reference UE for comparison.  
4.2. [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, with distribution of the computation load over time, reduced demands on parallel processing and chip area, and with less complex channel decoder. The estimated cost reductions for relaxed processing timeline as one standalone technique and the combined techniques are summarized in Table 3-1, Table 3-2 and Table 3-3 for TDD, FDD and HD-FDD cases. 
Table 4-1 Cost 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
	41.86%
	15.71%
	26.17%
	--

	20MHz BW+ PT1, 1 layer, 1 Rx, 64QAM
	41.86%
	12.06%
	23.98%
	8.36%

	20MHz BW+ PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	10.09%
	22.80%
	12.89%

	[bookmark: _Hlk109814794]5 MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	7.01%
	20.95%
	19.95%

	5 MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	7.82%
	21.44%
	18.09%

	5 MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	8.81%
	22.03%
	15.81%

	PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	8.87%
	22.07%
	15.68%

	PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	8.77%
	22.01%
	15.90%

	PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM
	41.86%
	8.80%
	22.03%
	15.83%



Table 4-2 Cost estimate from combined features for FDD
	[bookmark: _Hlk109660220]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
	66.38%
	23.58%
	40.70%
	--

	20MHz+PT1 BW, 1 layer, 1 Rx, 64QAM
	66.38%
	19.20%
	38.07%
	6.45%

	20MHz BW+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	16.10%
	36.21%
	11.02%

	5 MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	11.32%
	33.34%
	18.07%

	5 MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	12.53%
	34.07%
	16.29%

	5 MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	13.61%
	34.72%
	14.69%

	PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	14.28%
	35.12%
	13.70%

	PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	14.12%
	35.02%
	13.94%

	PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM
	66.38%
	14.18%
	35.06%
	13.85%




Table 4-3 Cost estimate from combined features for HD-FDD
	FR1 HD-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
	50.38%
	23.58%
	34.30%
	--

	20MHz BW+PT1, 1 layer, 1 Rx, 64QAM
	50.38%
	19.20%
	31.67%
	7.65%

	20MHz BW+ PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	16.15%
	29.84%
	12.99%

	5 MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	11.32%
	26.94%
	21.44%

	5 MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	12.53%
	27.67%
	19.33%

	5 MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	13.61%
	28.32%
	17.43%

	PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	14.28%
	28.72%
	16.26%

	PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	14.12%
	28.62%
	16.54%

	PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM
	50.38%
	14.18%
	28.66%
	16.44%



Observation 4-3: In case of TDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, 
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1, 1 layer, 1Rx, 64QAM is 8.36%;
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1+PT2, 1 layer, 1Rx, 64QAM is 12.89%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 19.95%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 18.09%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.81%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.68%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.90%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.83%.

Observation 4-4: In case of FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, 
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1, 1 layer, 1Rx, 64QAM is 6.45%;
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1+PT2, 1 layer, 1Rx, 64QAM is 11.02%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 18.07%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.29%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 14.69%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 13.70%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 13.94%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 13.85%.

Observation 4-5: In case of HD-FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, 
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1, 1 layer, 1Rx, 64QAM is 7.65%;
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1+PT2, 1 layer, 1Rx, 64QAM is 12.99%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 21.44%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 19.33%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 17.43%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.26%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.54%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.44%.
From above Tables, we can further observe that relaxed processing timeline i.e., PT1+PT2 alone without combining other complexity reduction techniques can reduce more than 10% cost for TDD, FDD, HD-FDD compared to Rel-17 baseline RedCap UE. The cost saving brought by PT1+PT2 is more than the cost saving brought by all peak data reduction options, BW reduction BW3 and comparable with the cost saving brought by BW reduction BW1. In addition, besides the cost saving gain, PT1+PT2 can also contribute to UE power saving.  
Observation 4-6: 
· Relaxed processing timeline of PT1+PT2 alone can bring more cost savings compared to BW3, PR1, PR2 and PR3 for TDD, FDD and HD-FDD;
· Relaxed processing timeline of PT1+PT2 alone can bring comparable cost savings compared to BW1 for TDD, FDD and HD-FDD.  
4.3. Analysis of performance impacts
Coverage:
It is expected that no significant coverage impact from a more relaxed UE processing time of PT1 and/or PT2.
Spectral efficiency:
No impact on spectral efficiency or network capacity is expected from a more relaxed UE processing time of PT1 and/or PT2 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:
There is no impact on instantaneous peak data rate a more relaxed UE processing time of PT1 and/or PT2 although 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 PT1 and/or PT2 may allow for processing with lower clock frequency and lower voltage which may help to reduce the UE power consumption. 
Observation 4-7: For relaxation UE processing time in terms of N1/N2 and/or Z/Z’:
· 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.

4.4. [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 or data size 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 4-8: 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. 

4.5. [bookmark: _Hlk100835205]Analysis of specification impacts
A new UE processing time capability needs to be defined if relaxed UE processing time is supported. Besides, the impacts on other timelines requirements related to N1 and N2 like UCI multiplexing timeline, dynamic SFI canceling the UL transmission etc. should be studied as well. 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 4-9: The expected specification impacts include at least defining a new values and related UE capability to uspport the relaxed relaxed UE processing time.
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: In case of TDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for BW reduction to 5MHz
· Option BW1 is 11.39%; 
· Option BW2 is 9.57%; 
· Option BW3 is 4.53%.
Observation 2-2: In case of FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for BW reduction to 5MHz
· Option BW1 is 10.62%; 
· Option BW2 is 8.86%; 
· Option BW3 is 5.47%.
Observation 2-3: In case of HD-FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for BW reduction to 5MHz
· Option BW1 is 12.61%; 
· Option BW2 is 10.52%; 
· Option BW3 is 6.49%.
Observation 2-4:
· About the coverage for SSB and CORESET#0 compared to Rel-17 RedCap supporting 20MHz BW, 
· For UE bandwidth reduction Option BW1 and BW2, 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 BW3, there is no coverage loss to support all SCS combinations for SSB and CORESET#0 coma.
· About the coverage for SIB1 PDSCH compared to Rel-17 RedCap supporting 20MHz BW, there is no coverage loss if the BW allocation for SIB1 PDSCH does not exceed 5MHz; Otherwise, coverage is reduced for SIB1 PDSCH. 
Observation 2-5: 
· For UE bandwidth reduction Option BW1, the benefit of fast RF retuning should be evaluated considering the achievable frequency diversity gain, transmission interruptions caused by RF retuning time, UE complexity and power consumption etc. 
· For UE bandwidth reduction Option BW2, 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 BW3, 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 2-6: 
· For UE bandwidth reduction Option BW1, it is expected to have some loss in spectral efficiency at least for the case without fast RF retuning. With fast RF retuning, simulation with realistic assumption on the RF retuning gap/position is needed to check the gain by frequency hopping/frequency-selective scheduling and the loss caused by symbol puncturing due to RF retuning time.  
· For UE bandwidth reduction Option BW2, the spectral efficiency is expected to be improved by flexible frequency selective scheduling with cross-slot scheduling or with redefined/preconfigured hopping patterns.
· For UE bandwidth reduction Option BW3, combining with cross-slot scheduling feature introduced in Rel-16, no spectral efficiency degradation is expected compared to Rel-17 RedCap. 
Observation 2-7: The three UE bandwidth options are expected to meet the latency requirement for the Rel-18 eRedCap use cases.
Observation 2-8: There will be additional latency introduced for UE bandwidth reduction Option BW1 if it supports RF retuning and for UE bandwidth reduction Option BW2 and Option BW3 if it uses cross-slot scheduling, compared to Rel-17 RedCap.
Observation 2-9:
· 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 2-10:
· UE power consumption can be significantly reduced by the reduced maximum bandwidth for all the three BW reduction options.
Observation 2-11: 
· For BW reduction option BW1 and 2, it has some coexistence issue with legacy UEs in terms of SSB/CORESET@30KHz SCS and CORESET#0@15KHz with 48PRBs.
· For BW reduction option BW3, it has no coexistence issue with legacy UEs from SSB/CORESET perspective.
· For all the BW reduction options BW1, BW2 and BW3, there is no coexistence issue with legacy UEs if the common channels such as SIB1, OSI, RAR, MSG3 etc are scheduled within 5MHz; Otherwise, there is some coexistence issue with legacy UEs. 
Observation 2-12: 
· For UE bandwidth reduction Option BW1 and BW2, significant specification impacts are expected for supporting SSB/CORESET #0 @30KHz SCS, separate initial BWP operation, SSB transmission within the active BWP, center frequency alignment in TDD operation and early identification etc. 
· For UE bandwidth reduction Option BW3, the overall specification impact is small.  

Proposal 1: If further UE bandwidth reduction to 5MHz is to be supported, down-select one of the following options:
· 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

For reduced UE peak data rate:
Observation 3-1: In case of TDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for reduced UE peak data rate Option
· PR1 is 5.67%; 
· PR2 is 6.18%; 
· PR3 is 5.99%.
Observation 3-2: In case of FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for reduced UE peak data rate Option
· PR1 is 4.75%; 
· PR2 is 5.18%; 
· PR3 is 5.02%.
Observation 3-3: In case of HD-FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, for Rel-18 eRedCap with 1 layer, 1Rx, 64QAM, the cost reduction for reduced UE peak data rate Option
· PR1 is 5.64%; 
· PR2 is 6.14%; 
· PR3 is 5.96%.
Observation 3-4: Generally, the cost savings for all PR options and BW3 are similar. 
Observation 3-5: For the three reduced UE peak data rate options,
· No impacts on the coverage.
· No significant impacts on 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 3-6: 
· For PR1 and PR2, there is no or small coexistence issue;
· For PR3, similar as BW3, it requires SIB1, OSI, RAR, MSG4 are scheduled within 5MHz which may have some impact on legacy UEs. 
Observation 3-7: The three reduced peak data rate options are expected to have small specification impacts.

Proposal 2: Down-select one of the following techniques to reduce the UE cost and complexity:
· BW reduction 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
· PR1: Relaxation of the constraint   for peak data rate reduction.
· PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH

For relaxed UE processing time:
Observation 4-1: In Rel-17 RedCap SI, the cost reduction is not estimated for PT1 combined with PT2 and the reference UE is Rel-15 non-RedCap UE for comparison.
Observation 4-2: In Rel-18 eRedCap SI, it is beneficial to evaluate the cost reduction for relaxed processing timeline especially combining the PT1 with PT2 as one standalone technique and use Rel-17 RedCap as the reference UE for comparison.  
Observation 4-3: In case of TDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, 
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1, 1 layer, 1Rx, 64QAM is 8.36%;
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1+PT2, 1 layer, 1Rx, 64QAM is 12.89%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 19.95%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 18.09%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.81%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.68%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.90%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 15.83%.

Observation 4-4: In case of FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, 
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1, 1 layer, 1Rx, 64QAM is 6.45%;
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1+PT2, 1 layer, 1Rx, 64QAM is 11.02%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 18.07%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.29%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 14.69%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 13.70%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 13.94%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 13.85%.

Observation 4-5: In case of HD-FDD operation, compared to the Rel-17 RedCap UE supporting 20MHz BW, 1 layer, 1Rx, 64QAM, 
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1, 1 layer, 1Rx, 64QAM is 7.65%;
· The cost reduction for Rel-18 eRedCap with 20MHz BW+PT1+PT2, 1 layer, 1Rx, 64QAM is 12.99%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 21.44%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 19.33%;
· The cost reduction for Rel-18 eRedCap with 5MHz BW3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 17.43%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR1+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.26%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR2+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.54%;
· The cost reduction for Rel-18 eRedCap with 5MHz PR3+PT1+PT2, 1 layer, 1 Rx, 64QAM is 16.44%.
Observation 4-6: 
· Relaxed processing timeline of PT1+PT2 alone can bring more cost savings compared to BW3, PR1, PR2 and PR3 for TDD, FDD and HD-FDD;
· Relaxed processing timeline of PT1+PT2 alone can bring comparable cost savings compared to BW1 for TDD, FDD and HD-FDD.  
Observation 4-7: For relaxation UE processing time in terms of N1/N2 and/or Z/Z’:
· 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 4-8: 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 4-9: The expected specification impacts include at least defining a new values and related UE capability to uspport the relaxed relaxed UE processing time.
[bookmark: _GoBack]
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