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Introduction
A new study item on further NR UE complexity reduction was approved with the following objectives [1]:  
	· 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 RAN1#109-e meeting [2], the following are further agreed: 
	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
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




In this contribution, the following complexity reduction options and their performance and coexistence impacts will be investigated:
· Section 2: Reduced maximum bandwidth to 5MHz in FR1
· Section 3: Reduced peak data rate
· Section 4: Combined complexity reduction options 

Finally, recommendations for potential work item will be provided in Section 5.


[bookmark: _Ref95761770]Reduced maximum bandwidth to 5MHz in FR1
Characteristics of bandwidth reduction options
For options of bandwidth reduction, BW1/BW2/BW3 are agreed [2]:
	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.
· 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.




Based on definition, Table 1 shows which modem components can benefit from bandwidth reduction. The following observations can be obtained: 

[bookmark: _Ref111243691]Observation 1: RF components can achieve no complexity reduction with bandwidth reduction. 
· No complexity difference between BW1 and BW2
· Narrower bandwidth can even require larger capacitor size and slightly increase the complexity 

[bookmark: _Ref111243745]Observation 2: Bandwidth reduction cannot achieve complexity reduction in the following modem components:
· DL control processing & decoder: Same maximum Poler codeword size and no critical timing relaxation  
· Synchronization/cell search block: Same SSB processing
· MIMO specific processing blocks: Same MIMO and CSI functionality as reference Rel-17 RedCap UE

[bookmark: _Ref111243775]Observation 3: To accommodate 20MHz BW for non-PDSCH/PUSCH channels, BW3 cannot achieve complexity reduction in ADC/DAC and FFT/IFFT for BB

[bookmark: _Ref111151965][bookmark: _Ref111243820]Table 1: Which modem components can achieve complexity reduction with bandwidth reduction
	Modem Components
	Rel-15 Ref
	Rel-17 RedCap (TDD 1RX)
	BW1/BW2
	BW3

	RF: Power amplifier 
	25%
	25.00%
	
No complexity difference below 20 MHz BW
	
No complexity difference below 20 MHz BW

	RF: Filters
	15%
	3.75%
	
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55%
	27.50%
	
	

	RF: Duplexer / Switch
	5%
	5.00%
	
	

	RF: Total
	100%
	61.3%
	
	

	BB: ADC / DAC
	9%
	1.8%
	· 
	

	BB: FFT/IFFT
	4%
	0.8%
	· 
	

	BB: Post-FFT data buffering
	10%
	2.0%
	· 
	· 

	BB: Receiver processing block
	29%
	8.7%
	· 
	· 

	BB: LDPC decoding
	9%
	1.6%
	· 
	· 

	BB: HARQ buffer
	12%
	2.2%
	· 
	· 

	BB: DL control processing & decoder
	4%
	4.0%
	
	

	BB: Synchronization / cell search block
	9%
	4.5%
	
	

	BB: UL processing block
	5%
	4.0%
	· 
	· 

	BB: MIMO specific processing blocks
	9%
	4.5%
	
	

	BB: Total
	100%
	34.1%
	
	

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	44.9%
	
	



Analysis of UE complexity reduction
With the complexity reduction characteristics in Table 1, Table 2 further shows the estimated total complexity reduction for difference configurations. It is noticed that the reference is based on the corresponding Rel-17 RedCap UE configurations (instead of those of Rel-15 eMBB UE). Additionally, the following observations are also provided:

[bookmark: _Ref111243857]Observation 4: Only limited complexity reduction, up to ~10%, can be achieved w.r.t. Rel-17 RedCap UE by bandwidth reduction options.
· For each component in BB, fundamental area overhead (due to at least control registers and Place-and-Route) cause saturation effect in further complexity reduction w.r.t. Rel-17 RedCap modem.

[bookmark: _Ref111230746][bookmark: _Ref111243891]Table 2: Complexity reduction summary for bandwidth reduction options w.r.t Rel-17 RedCap UE
	Option
	TDD with 1Rx
	FDD with 1Rx 
	HD-FDD with 1Rx
	TDD with 2Rx
	FDD with 2Rx
	HD-FDD with 2Rx

	BW1/BW2
	8.2%
	8.6%
	9.6%
	8.8%
	9.5%
	10.3%

	BW3
	6.9%
	7.1%
	7.9%
	7.2%
	7.8%
	8.5%



Analysis of performance and coexistence impacts
For checking critical performance and addressing coexistence impact, PBCH/PDCCH CSS/SIB1 performances are compared since these channels are commonly shared by Rel-15/17 UEs and 5MHz-RedCap UEs. These three channels are also mandatory for coverage evaluations:
	Agreement
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
· SIB1
· PBCH
· PDCCH CSS
· [Msg4]
· Following channels can be optionally evaluated
· …



In Table 3, there show the performance comparisons among the bandwidth reduction options and Rel-17 reference RedCap for FDD (15 kHz SCS) case. For detailed performance curves, please refer to Appendix A of [3]. The following observations are provided:

[bookmark: _Ref111243909]Observation 5: For FDD (15 kHz SCS), there is around 3-4 dB performance loss for PDCCH CSS and/or SIB1 if there is RE truncation due to larger RB number than UE reception bandwidth.  

[bookmark: _Ref111243920]Observation 6: For FDD (15 kHz SCS), reducing RB number of PDCCH CSS or SIB1 to be 24 RB also causes performance loss of 3-4 dB due to increased code rate. 

[bookmark: _Ref111216351][bookmark: _Ref111243943]Table 3: Required SNR (dB) for common channels with BW1/BW2/BW3 in FDD (15 kHz SCS) case
	FDD (15 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-4.8
	-4.5
	-1.6
	-1.6
	2.3

	BW1/BW2 (25 RB)
	-4.8
	-1.5
	-1.6
	2.2
	2.3

	BW3 (5M PDSCH/PUSCH; 25 RB)
	-4.8
	-4.5
	-1.6
	2.2
	2.3



In Table 4, there show the performance comparisons among the bandwidth reduction options and Rel-17 reference RedCap for TDD case with 30 kHz SCS. For detailed performance curves, please refer to Appendix A of [3]. There can observe significant performance loss due to RE truncation:

[bookmark: _Ref111243960]Observation 7: For TDD (30 kHz SCS), there is significant performance loss due to RE truncation. SIB1 is the worst cahnnel, and there is >10 dB (>6 dB) loss due to RE truncation from 48 RBs (24 RBs) to 5MHz bandwidth.  

[bookmark: _Ref111243966]Observation 8: For TDD (30 kHz SCS), reducing RB number of PDCCH CSS or SIB1 to 24 RBs (for less RE truncation) cannot achieve better performance due to increased code rate.

[bookmark: _Ref111243970]Observation 9: Support 12 RBs for 5MHz reception in 30 kHz SCS can bring ~1 dB benefit w.r.t. 11-RB setting
 
[bookmark: _Ref111221063][bookmark: _Ref111243990]Table 4: Required SNR (dB) for common channels with BW1/BW2/BW3 in TDD (30 kHz SCS) case
	TDD (30 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-7.8
	-5.3
	-2.1
	-2
	2

	BW1/BW2 (12 RB)
	-3.2
	3.2
	3.8
	8.4
	8.9

	BW1/BW2 (11 RB)
	-3.2
	3.9
	4.5
	9.5
	10.3

	BW3 (5M PDSCH/PUSCH; 12 RB)
	-7.8
	-5.3
	-2.1
	8.4
	8.9

	BW3 (5M PDSCH/PUSCH; 11 RB)
	-7.8
	-5.3
	-2.1
	9.5
	10.3



By the above performance results, we can assume 48-RB frequency span should be utilized for the common channels in order to minimize the performance impact to legacy UEs. Consequently, the following observation can be obtained:

[bookmark: _Ref111244005]Observation 10: SIB1 is the bottleneck common channel for bandwidth reduction options. While SIB1 performance can be compensated by combing multiple repetitions, the combined performance is bounded by PDCCH CSS performance since UE cannot decode PDSCH without the scheduling DCI information. 

[bookmark: _Ref111244011]Observation 11: Options BW1 and BW2 prevent 5MHz UE from compensating SIB1 performance due to the inferior PDCCH CSS performance caused by RE truncation.  

[bookmark: _Ref111244026]Proposal 1: Considering option BW1/BW2/BW3 for FDD (15 kHz SCS) and TDD (30 kHz SCS), BW3 with 12-RB reception bandwidth is relatively recommended because of achieving complexity reduction while being able to compensate SIB1 performance loss, assuming UE is allowed to combine sufficient SIB1 repetitions.
· Note: There may still require long delay to combine more than 16 SIB1 repetitions for compensating ~12 dB performance loss w.r.t. Rel-17 RedCap UE. 

[bookmark: _Ref111244046]Observation 12: Regarding RF retuning solution to enable “smart” combing of SIB1, such operation requires UE to buffer PDSCH larger than 5MHz BW before decoding the combined SIB1, which effectively increases BW3 complexity to be the same as PR3. 
· Note: Combing with RF retuning is different from HARQ combining since a truncated SIB1 is not any valid RV of SIB1 LDPC codeword.

[bookmark: _Ref111244117]Proposal 2: Combing with RF retuning is not considered for bandwidth reduction options.   


Reduced peak data rate
Characteristics of peak data rate reduction options
In RAN1#109-e meeting [2], there also agree three options for peak data rate reduction, PR1/PR2/PR3:
	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,
· 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.




Based on definition, Table 5 shows which modem components can benefits from bandwidth reduction. The following observations can be obtained: 

[bookmark: _Ref111244137]Observation 13: PR1/PR2 can only achieve complexity reduction in the following modem BB components: 
· LDPC decoding: Reduced peak data rate  
· HARQ buffer: Reduced maximum TBS

[bookmark: _Ref111244149]Observation 14: PR3 can additionally achieve complexity reduction in the following modem BB components:
· Receiver processing block: RB number limit reduces (inner) receiver complexity
· UL processing block: RB number limit reduces total UL processing complexity

[bookmark: _Ref111244154]Observation 15: Compared with BW3, PR3 is assumed to buffer PDSCH of 20 MHz BW since, before DCI is decoded, UE has no knowledge of PDSCH RB allocation.

[bookmark: _Ref111230822][bookmark: _Ref111244201]Table 5: Which modem components can achieve complexity reduction with peak-data-rate reduction
	Modem Components
	Rel-15 Ref
	Rel-17 RedCap (TDD 1RX)
	PR1/PR2
	PR3

	RF: Power amplifier 
	25%
	25.00%
	
No complexity reduction
	
No complexity reduction

	RF: Filters
	15%
	3.75%
	
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55%
	27.50%
	
	

	RF: Duplexer / Switch
	5%
	5.00%
	
	

	RF: Total
	100%
	61.3%
	
	

	BB: ADC / DAC
	9%
	1.8%
	
	

	BB: FFT/IFFT
	4%
	0.8%
	
	

	BB: Post-FFT data buffering
	10%
	2.0%
	
	

	BB: Receiver processing block
	29%
	8.7%
	
	· 

	BB: LDPC decoding
	9%
	1.6%
	· 
	· 

	BB: HARQ buffer
	12%
	2.2%
	· 
	· 

	BB: DL control processing & decoder
	4%
	4.0%
	
	

	BB: Synchronization / cell search block
	9%
	4.5%
	
	

	BB: UL processing block
	5%
	4.0%
	
	· 

	BB: MIMO specific processing blocks
	9%
	4.5%
	
	

	BB: Total
	100%
	34.1%
	
	

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	44.9%
	
	



Analysis of UE complexity reduction
With the complexity reduction characteristics in Table 5, Table 6 further shows the estimated total complexity reduction for difference configurations. It is noticed that the reference is based on the corresponding Rel-17 RedCap UE configurations (instead of those of Rel-15 eMBB UE). Additionally, the following observations are provided:

[bookmark: _Ref111244217]Observation 16: Only limited complexity reduction, up to 7%, can be achieved w.r.t. Rel-17 RedCap UE by peak-data-rate reduction options.
· PR1/PR2 can even achieve <4% complexity reduction

[bookmark: _Ref111230949][bookmark: _Ref111244256]Table 6: Complexity reduction summary for peak-data-rate reduction options w.r.t Rel-17 RedCap UE
	Option
	TDD with 1Rx
	FDD with 1Rx 
	HD-FDD with 1Rx
	TDD with 2Rx
	FDD with 2Rx
	HD-FDD with 2Rx

	PR1: 
	2.4%
	3.2%
	3.5%
	2.7%
	3.6%
	3.9%

	PR2: 
	2.4%
	3.2%
	3.5%
	2.7%
	3.6%
	3.9%

	PR3: 
	5.8%
	6.0%
	6.6%
	6.2%
	6.5%
	7.0%



Analysis of performance and coexistence impacts
While there is less complexity reduction, peak-data-rate reduction options can achieve better performance. In Table 7 and Table 8, there show the performance comparisons among the peak-data-rate reduction options and Rel-17 reference RedCap for FDD (15 kHz SCS) and TDD (30 kHz SCS) cases, respectively. For detailed performance curves, please refer to Appendix A of [3]. The following can then be obtained:

[bookmark: _Ref111244289]Observation 17: Peak-data-rate reduction options can achieve the same performance as Rel-17 RedCap UE 

[bookmark: _Ref111244296]Observation 18: For PR3, support processing 12 RBs in 30 kHz SCS can bring ~1 dB benefit w.r.t. 11-RB limit

[bookmark: _Ref111244303]Observation 19: PR3 can buffer whole SIB1. But the reduced complexity in “receiver processing block” requires more slots to accomplish SIB1 processing. The same SIB1 performance can be achieved if SIB1 processing time of more than one slot can be allowed.
· Note: RF retuning based combining is not required for PR3

[bookmark: _Ref111244320]Proposal 3: Jointly considering complexity reduction and performance impact over peak-data-rate reduction options, PR3 is relatively recommended for the better complexity reduction while being able to achieve the same common channel performance as Rel-17 RedCap, assuming PDSCH processing time of more than one slot is allowed for SIB1.
· Note: Up to 2 (4) slots will be sufficient for FDD (TDD) cases

[bookmark: _Ref111244343]Proposal 4: SIB1 processing time of more than one slot is allowed for PR3 
· FFS: Extension to other PDSCH channels

[bookmark: _Ref111231562][bookmark: _Ref111244370]Table 7: Required SNR (dB) for common channels with PR1/PR2/PR3 in FDD (15 kHz SCS) case
	FDD (15 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-4.8
	-4.5
	-1.6
	-1.6
	2.3

	PR1/PR2 (Data rate limit)
	-4.8
	-4.5
	-1.6
	-1.6
	2.3

	PR3 (25-RB limit on PDSCH/PUSCH)
	-4.8
	-4.5
	-1.6
	2.2 or -1.6*
	2.3


* PDSCH processing time of more than one slot is allowed

[bookmark: _Ref111232176][bookmark: _Ref111244389]Table 8: Required SNR (dB) for common channels with PR1/PR2/PR3 in TDD (30 kHz SCS) case
	TDD (30 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-7.8
	-5.3
	-2.1
	-2
	2

	PR1/PR2 (Data rate limit)
	-7.8
	-5.3
	-2.1
	-2
	2

	PR3 (12-RB limit on PDSCH/PUSCH)
	-7.8
	-5.3
	-2.1
	8.4 or -2*
	8.9 or 2*

	PR3 (11-RB limit on PDSCH/PUSCH)
	-7.8
	-5.3
	-2.1
	9.5 or -2*
	10.3 or 2*


* PDSCH processing time of more than one slot is allowed
Combined of complexity reduction options 
Characteristics of processing time relaxation options and combined complexity reduction options
In addition to bandwidth reduction and peak-data-rate reduction options, there also agree processing time relaxation options, PT1 and PT2, for combined complexity reduction: 

	Agreement
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.


	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.


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




Based on definition, Table 9 shows which modem components can benefits from processing time relaxation. The following observations can be checked: 

[bookmark: _Ref111244411]Observation 20: PT1 is useful to additionally reduce the complexity for the following modem BB components by allowing longer processing time:
· Receiver processing block
· LDPC decoding
· DL control processing & decoder
· UL processing block

[bookmark: _Ref111244427]Observation 21: PT1 + PT2 can additionally achieve complexity reduction in MIMO specific processing blocks by allowing longer CSI related processing time.

[bookmark: _Ref111244432]Observation 22: PT1 (and PT2) can additionally contributed complexity reduction in “DL control processing & decoder” (and “MIMO specific processing blocks”), which cannot be achieved with BW3 or PR3.

[bookmark: _Ref111234758][bookmark: _Ref111244455]Table 9: Which modem components can achieve additional complexity reduction with processing time relaxation
	Modem Components
	Rel-15 Ref
	Rel-17 RedCap (TDD 1RX)
	PT1
	PT1+PT2

	RF: Power amplifier 
	25%
	25.00%
	
No complexity reduction
	
No complexity reduction

	RF: Filters
	15%
	3.75%
	
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55%
	27.50%
	
	

	RF: Duplexer / Switch
	5%
	5.00%
	
	

	RF: Total
	100%
	61.3%
	
	

	BB: ADC / DAC
	9%
	1.8%
	
	

	BB: FFT/IFFT
	4%
	0.8%
	
	

	BB: Post-FFT data buffering
	10%
	2.0%
	
	

	BB: Receiver processing block
	29%
	8.7%
	· 
	· 

	BB: LDPC decoding
	9%
	1.6%
	· 
	· 

	BB: HARQ buffer
	12%
	2.2%
	
	

	BB: DL control processing & decoder
	4%
	4.0%
	· 
	· 

	BB: Synchronization / cell search block
	9%
	4.5%
	
	

	BB: UL processing block
	5%
	4.0%
	· 
	· 

	BB: MIMO specific processing blocks
	9%
	4.5%
	
	· 

	BB: Total
	100%
	34.1%
	
	

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	44.9%
	
	



Analysis of UE complexity reduction
With the complexity reduction characteristics in Table 9, Table 10 further shows the estimated total complexity reduction for difference configurations. 

[bookmark: _Ref111244472]Observation 23: With PT1 + PT2, the combined complexity reduction with BW3 can be improved to 11%, which is 1% better than BW1/BW2-only that induces significant performance loss w.r.t. Rel-17 RedCap UE.

[bookmark: _Ref111244477]Observation 24: With PT1 + PT2, the combined complexity reduction with BW3 can be improved to ~10%, which is comparable to BW1/BW2-only that induces significant performance loss w.r.t. Rel-17 RedCap UE.

[bookmark: _Ref111235758][bookmark: _Ref111244498]Table 10: Complexity reduction summary for combined complexity reduction options w.r.t Rel-17 RedCap UE
	Combined Options
	TDD with 1Rx
	FDD with 1Rx 
	HD-FDD with 1Rx
	TDD with 2Rx
	FDD with 2Rx
	HD-FDD with 2Rx

	BW1+PT1
	10.5%
	10.5%
	11.6%
	10.7%
	11.2%
	12.2%

	BW1+PT1+PT2
	10.9%
	11.1%
	12.4%
	11.3%
	12.0%
	13.0%

	BW2+PT1+PT2
	10.9%
	11.1%
	12.4%
	11.3%
	12.0%
	13.0%

	BW3+PT1
	8.9%
	8.8%
	9.8%
	9.1%
	9.5%
	10.3%

	BW3+PT1+PT2
	9.6%
	9.5%
	10.5%
	9.8%
	10.2%
	11.0%

	PR1+PT1
	4.9%
	5.1%
	5.7%
	5.0%
	5.5%
	6.0%

	PR1+PT1+PT2
	5.3%
	5.8%
	6.5%
	5.7%
	6.3%
	6.9%

	PR2+PT1+PT2
	5.3%
	5.8%
	6.5%
	5.7%
	6.3%
	6.9%

	PR3+PT1
	8.0%
	7.8%
	8.7%
	8.1%
	8.2%
	8.9%

	PR3+PT1+PT2
	8.5%
	8.3%
	9.2%
	8.6%
	9.0%
	9.7%



It is noticed that, while the agreed relaxation factor for N1 and N2 is 2, we see the necessary relaxation on N1 and N2 can be limited to [7] symbols while still achieving the complexity reduction benefit. Since extended N1 and N2 can be regarded as allowing longer PDSCH and PUSCH processing for RedCap UE, the following proposal is thus suggested:

[bookmark: _Ref111244516]Proposal 5: To achieve the benefit be processing time relaxation while minimizing network scheduling impact, the following two options can be considered for further complexity reduction on RedCap UEs:
· Alt1: N1 and N2 are extended by [7] symbols
· Alt2: PDSCH/PUSCH processing time of more than one slots is allowed
 
[image: ]
[bookmark: _Ref111244547]Figure 1: Illustration of complexity reduction by allowing PDSCH processing time of more than one slot
  

Recommendations for potential work item
In Table 11 and Table 12, there summarize the trade-off in performance and complexity reduction for the considered complexity reduction options for TDD (30 kHz SCS) and FDD (15 kHz SCS), respectively. The following are suggested:

[bookmark: _Ref111244563]Conclusion 1: There can achieve up to ~12% complexity reduction w.r.t. Rel-17 RedCap UE based on the options of bandwidth reduction, peak-data-rate reduction or combinations with processing time relaxation.
· Subject to no performance loss w.r.t. Rel-17 RedCap UE, only up to ~8% complexity reduction

[bookmark: _Ref111244580]Conclusion 2: Targeting minimum impact to legacy UEs and minimum performance loss w.r.t. Rel-17 RedCap UE, the following combined complexity reduction options can be considered for potential specification in Rel-18:
· Peak-data-rate reduction option PR3 and processing time relaxation option PT1 + PT2:
· PDSCH/PUSCH #RB up to 12 RBs (25 RBs) for TDD/30 kHz SCS (FDD/15 kHz SCS)
· PDSCH processing time of more than one slot is allowed 
· FFS: Whether to extend N1 and N2 by [7] symbols
· CSI processing time of more slot(s) is allowed 

[bookmark: _Ref111239445][bookmark: _Ref111244617]Table 11: Summary for performance and complexity reduction trade-off for RedCap UE in TDD (30 kHz SCS)
	Performance: Required SNR (dB)
	 
	Complexity reduction w.r.t Rel-17 ReCap (%)

	Option
	PBCH
	PDCCH CSS
	SIB1
	
	1RX
	2RX

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3
	
	w/o PT1/2
	+ PT1
	+ PT1 + PT2
	w/o PT1/2
	+ PT1
	+ PT1 + PT2

	Rel-17 RedCap
	-7.8
	-5.3
	-2.1
	-2
	2
	
	0% (Ref)
	0% (Ref)

	BW1/BW2
	-3.2
	3.2
	3.8
	8.4
	8.9
	
	8.2%
	10.5%
	10.9%
	8.8%
	10.7%
	11.3%

	BW3
	-7.8
	-5.3
	-2.1
	8.4
	8.9
	
	6.9%
	8.9%
	9.6%
	7.2%
	9.1%
	9.8%

	PR1/PR2
	-7.8
	-5.3
	-2.1
	-2
	2
	
	2.4%
	4.9%
	5.3%
	2.7%
	5.0%
	5.7%

	PR3
	-7.8
	-5.3
	-2.1
	-2*
	2*
	
	5.8%
	8.0%
	8.5%
	6.2%
	8.1%
	8.6%


* PDSCH processing time of more than one slot is allowed

[bookmark: _Ref111239439][bookmark: _Ref111244648]Table 12: Summary for performance and complexity reduction trade-off for RedCap UE in FDD (15 kHz SCS)
	Performance: Required SNR (dB)
	 
	Complexity reduction w.r.t Rel-17 ReCap (%)

	Option
	PBCH
	PDCCH CSS
	SIB1
	
	1RX
	2RX

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3
	
	w/o PT1/2
	+ PT1
	+ PT1 + PT2
	w/o PT1/2
	+ PT1
	+ PT1 + PT2

	Rel-17 RedCap
	-4.8
	-4.5
	-1.6
	-1.6
	2.3
	
	0% (Ref)
	0% (Ref)

	BW1/BW2
	-4.8
	-1.5
	-1.6
	2.2
	2.3
	
	8.6%
	10.5%
	11.1%
	9.5%
	11.2%
	12.0%

	BW3
	-4.8
	-4.5
	-1.6
	2.2
	2.3
	
	7.1%
	8.8%
	9.5%
	7.8%
	9.5%
	10.2%

	PR1/PR2
	-4.8
	-4.5
	-1.6
	-1.6
	2.3
	
	3.2%
	5.1%
	5.8%
	3.6%
	5.5%
	6.3%

	PR3
	-4.8
	-4.5
	-1.6
	-1.6*
	2.3
	
	6.0%
	7.8%
	8.3%
	6.5%
	8.2%
	9.0%


* PDSCH processing time of more than one slot is allowed


Conclusions 
In this contribution, we have made the following observations and proposals:

Observation 1: RF components can achieve no complexity reduction with bandwidth reduction.
· No complexity difference between BW1 and BW2
· Narrower bandwidth can even require larger capacitor size and slightly increase the complexity 

Observation 2: Bandwidth reduction cannot achieve complexity reduction in the following modem components:
· DL control processing & decoder: Same maximum Poler codeword size and no critical timing relaxation  
· Synchronization/cell search block: Same SSB processing
· MIMO specific processing blocks: Same MIMO and CSI functionality as reference Rel-17 RedCap UE

Observation 3: To accommodate 20MHz BW for non-PDSCH/PUSCH channels, BW3 cannot achieve complexity reduction in ADC/DAC and FFT/IFFT for BB

Table 1: Which modem components can achieve complexity reduction with bandwidth reduction
	Modem Components
	Rel-15 Ref
	Rel-17 RedCap (TDD 1RX)
	BW1/BW2
	BW3

	RF: Power amplifier 
	25%
	25.00%
	
No complexity difference below 20 MHz BW
	
No complexity difference below 20 MHz BW

	RF: Filters
	15%
	3.75%
	
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55%
	27.50%
	
	

	RF: Duplexer / Switch
	5%
	5.00%
	
	

	RF: Total
	100%
	61.3%
	
	

	BB: ADC / DAC
	9%
	1.8%
	· 
	

	BB: FFT/IFFT
	4%
	0.8%
	· 
	

	BB: Post-FFT data buffering
	10%
	2.0%
	· 
	· 

	BB: Receiver processing block
	29%
	8.7%
	· 
	· 

	BB: LDPC decoding
	9%
	1.6%
	· 
	· 

	BB: HARQ buffer
	12%
	2.2%
	· 
	· 

	BB: DL control processing & decoder
	4%
	4.0%
	
	

	BB: Synchronization / cell search block
	9%
	4.5%
	
	

	BB: UL processing block
	5%
	4.0%
	· 
	· 

	BB: MIMO specific processing blocks
	9%
	4.5%
	
	

	BB: Total
	100%
	34.1%
	
	

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	44.9%
	
	



Observation 4: Only limited complexity reduction, up to ~10%, can be achieved w.r.t. Rel-17 RedCap UE by bandwidth reduction options.
· For each component in BB, fundamental area overhead (due to at least control registers and Place-and-Route) cause saturation effect in further complexity reduction w.r.t. Rel-17 RedCap modem.

Table 2: Complexity reduction summary for bandwidth reduction options w.r.t Rel-17 RedCap UE
	Option
	TDD with 1Rx
	FDD with 1Rx 
	HD-FDD with 1Rx
	TDD with 2Rx
	FDD with 2Rx
	HD-FDD with 2Rx

	BW1/BW2
	8.2%
	8.6%
	9.6%
	8.8%
	9.5%
	10.3%

	BW3
	6.9%
	7.1%
	7.9%
	7.2%
	7.8%
	8.5%


Observation 5: For FDD (15 kHz SCS), there is around 3-4 dB performance loss for PDCCH CSS and/or SIB1 if there is RE truncation due to larger RB number than UE reception bandwidth.

Observation 6: For FDD (15 kHz SCS), reducing RB number of PDCCH CSS or SIB1 to be 24 RB also causes performance loss of 3-4 dB due to increased code rate.

Table 3: Required SNR (dB) for common channels with BW1/BW2/BW3 in FDD (15 kHz SCS) case
	FDD (15 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-4.8
	-4.5
	-1.6
	-1.6
	2.3

	BW1/BW2 (25 RB)
	-4.8
	-1.5
	-1.6
	2.2
	2.3

	BW3 (5M PDSCH/PUSCH; 25 RB)
	-4.8
	-4.5
	-1.6
	2.2
	2.3



Observation 7: For TDD (30 kHz SCS), there is significant performance loss due to RE truncation. SIB1 is the worst cahnnel, and there is >10 dB (>6 dB) loss due to RE truncation from 48 RBs (24 RBs) to 5MHz bandwidth.

Observation 8: For TDD (30 kHz SCS), reducing RB number of PDCCH CSS or SIB1 to 24 RBs (for less RE truncation) cannot achieve better performance due to increased code rate.

Observation 9: Support 12 RBs for 5MHz reception in 30 kHz SCS can bring ~1 dB benefit w.r.t. 11-RB setting

Table 4: Required SNR (dB) for common channels with BW1/BW2/BW3 in TDD (30 kHz SCS) case
	TDD (30 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-7.8
	-5.3
	-2.1
	-2
	2

	BW1/BW2 (12 RB)
	-3.2
	3.2
	3.8
	8.4
	8.9

	BW1/BW2 (11 RB)
	-3.2
	3.9
	4.5
	9.5
	10.3

	BW3 (5M PDSCH/PUSCH; 12 RB)
	-7.8
	-5.3
	-2.1
	8.4
	8.9

	BW3 (5M PDSCH/PUSCH; 11 RB)
	-7.8
	-5.3
	-2.1
	9.5
	10.3



Observation 10: SIB1 is the bottleneck common channel for bandwidth reduction options. While SIB1 performance can be compensated by combing multiple repetitions, the combined performance is bounded by PDCCH CSS performance since UE cannot decode PDSCH without the scheduling DCI information.

Observation 11: Options BW1 and BW2 prevent 5MHz UE from compensating SIB1 performance due to the inferior PDCCH CSS performance caused by RE truncation.

Proposal 1: Considering option BW1/BW2/BW3 for FDD (15 kHz SCS) and TDD (30 kHz SCS), BW3 with 12-RB reception bandwidth is relatively recommended because of achieving complexity reduction while being able to compensate SIB1 performance loss, assuming UE is allowed to combine sufficient SIB1 repetitions.
· Note: There may still require long delay to combine more than 16 SIB1 repetitions for compensating ~12 dB performance loss w.r.t. Rel-17 RedCap UE. 

Observation 12: Regarding RF retuning solution to enable “smart” combing of SIB1, such operation requires UE to buffer PDSCH larger than 5MHz BW before decoding the combined SIB1, which effectively increases BW3 complexity to be the same as PR3.
· Note: Combing with RF retuning is different from HARQ combining since a truncated SIB1 is not any valid RV of SIB1 LDPC codeword.

Proposal 2: Combing with RF retuning is not considered for bandwidth reduction options.

Observation 13: PR1/PR2 can only achieve complexity reduction in the following modem BB components:
· LDPC decoding: Reduced peak data rate  
· HARQ buffer: Reduced maximum TBS

Observation 14: PR3 can additionally achieve complexity reduction in the following modem BB components:
· Receiver processing block: RB number limit reduces (inner) receiver complexity
· UL processing block: RB number limit reduces total UL processing complexity

Observation 15: Compared with BW3, PR3 is assumed to buffer PDSCH of 20 MHz BW since, before DCI is decoded, UE has no knowledge of PDSCH RB allocation.

Table 5: Which modem components can achieve complexity reduction with peak-data-rate reduction
	Modem Components
	Rel-15 Ref
	Rel-17 RedCap (TDD 1RX)
	PR1/PR2
	PR3

	RF: Power amplifier 
	25%
	25.00%
	
No complexity reduction
	
No complexity reduction

	RF: Filters
	15%
	3.75%
	
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55%
	27.50%
	
	

	RF: Duplexer / Switch
	5%
	5.00%
	
	

	RF: Total
	100%
	61.3%
	
	

	BB: ADC / DAC
	9%
	1.8%
	
	

	BB: FFT/IFFT
	4%
	0.8%
	
	

	BB: Post-FFT data buffering
	10%
	2.0%
	
	

	BB: Receiver processing block
	29%
	8.7%
	
	· 

	BB: LDPC decoding
	9%
	1.6%
	· 
	· 

	BB: HARQ buffer
	12%
	2.2%
	· 
	· 

	BB: DL control processing & decoder
	4%
	4.0%
	
	

	BB: Synchronization / cell search block
	9%
	4.5%
	
	

	BB: UL processing block
	5%
	4.0%
	
	· 

	BB: MIMO specific processing blocks
	9%
	4.5%
	
	

	BB: Total
	100%
	34.1%
	
	

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	44.9%
	
	



Observation 16: Only limited complexity reduction, up to 7%, can be achieved w.r.t. Rel-17 RedCap UE by peak-data-rate reduction options.
· PR1/PR2 can even achieve <4% complexity reduction

Table 6: Complexity reduction summary for peak-data-rate reduction options w.r.t Rel-17 RedCap UE
	Option
	TDD with 1Rx
	FDD with 1Rx 
	HD-FDD with 1Rx
	TDD with 2Rx
	FDD with 2Rx
	HD-FDD with 2Rx

	PR1: 
	2.4%
	3.2%
	3.5%
	2.7%
	3.6%
	3.9%

	PR2: 
	2.4%
	3.2%
	3.5%
	2.7%
	3.6%
	3.9%

	PR3: 
	5.8%
	6.0%
	6.6%
	6.2%
	6.5%
	7.0%



Observation 17: Peak-data-rate reduction options can achieve the same performance as Rel-17 RedCap UE

Observation 18: For PR3, support processing 12 RBs in 30 kHz SCS can bring ~1 dB benefit w.r.t. 11-RB limit

Observation 19: PR3 can buffer whole SIB1. But the reduced complexity in “receiver processing block” requires more slots to accomplish SIB1 processing. The same SIB1 performance can be achieved if SIB1 processing time of more than one slot can be allowed.
· Note: RF retuning based combining is not required for PR3

Proposal 3: Jointly considering complexity reduction and performance impact over peak-data-rate reduction options, PR3 is relatively recommended for the better complexity reduction while being able to achieve the same common channel performance as Rel-17 RedCap, assuming PDSCH processing time of more than one slot is allowed for SIB1.
· Note: Up to 2 (4) slots will be sufficient for FDD (TDD) cases

Proposal 4: SIB1 processing time of more than one slot is allowed for PR3
· FFS: Extension to other PDSCH channels

Table 7: Required SNR (dB) for common channels with PR1/PR2/PR3 in FDD (15 kHz SCS) case
	FDD (15 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-4.8
	-4.5
	-1.6
	-1.6
	2.3

	PR1/PR2 (Data rate limit)
	-4.8
	-4.5
	-1.6
	-1.6
	2.3

	PR3 (25-RB limit on PDSCH/PUSCH)
	-4.8
	-4.5
	-1.6
	2.2 or -1.6*
	2.3


* PDSCH processing time of more than one slot is allowed

Table 8: Required SNR (dB) for common channels with PR1/PR2/PR3 in TDD (30 kHz SCS) case
	TDD (30 kHz SCS)
	PBCH
	PDCCH CSS
	SIB1

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3

	R17 RedCap
	-7.8
	-5.3
	-2.1
	-2
	2

	PR1/PR2 (Data rate limit)
	-7.8
	-5.3
	-2.1
	-2
	2

	PR3 (12-RB limit on PDSCH/PUSCH)
	-7.8
	-5.3
	-2.1
	8.4 or -2*
	8.9 or 2*

	PR3 (11-RB limit on PDSCH/PUSCH)
	-7.8
	-5.3
	-2.1
	9.5 or -2*
	10.3 or 2*


* PDSCH processing time of more than one slot is allowed

Observation 20: PT1 is useful to additionally reduce the complexity for the following modem BB components by allowing longer processing time:
· Receiver processing block
· LDPC decoding
· DL control processing & decoder
· UL processing block

Observation 21: PT1 + PT2 can additionally achieve complexity reduction in MIMO specific processing blocks by allowing longer CSI related processing time.

Observation 22: PT1 (and PT2) can additionally contributed complexity reduction in “DL control processing & decoder” (and “MIMO specific processing blocks”), which cannot be achieved with BW3 or PR3.

Table 9: Which modem components can achieve additional complexity reduction with processing time relaxation
	Modem Components
	Rel-15 Ref
	Rel-17 RedCap (TDD 1RX)
	PT1
	PT1+PT2

	RF: Power amplifier 
	25%
	25.00%
	
No complexity reduction
	
No complexity reduction

	RF: Filters
	15%
	3.75%
	
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55%
	27.50%
	
	

	RF: Duplexer / Switch
	5%
	5.00%
	
	

	RF: Total
	100%
	61.3%
	
	

	BB: ADC / DAC
	9%
	1.8%
	
	

	BB: FFT/IFFT
	4%
	0.8%
	
	

	BB: Post-FFT data buffering
	10%
	2.0%
	
	

	BB: Receiver processing block
	29%
	8.7%
	· 
	· 

	BB: LDPC decoding
	9%
	1.6%
	· 
	· 

	BB: HARQ buffer
	12%
	2.2%
	
	

	BB: DL control processing & decoder
	4%
	4.0%
	· 
	· 

	BB: Synchronization / cell search block
	9%
	4.5%
	
	

	BB: UL processing block
	5%
	4.0%
	· 
	· 

	BB: MIMO specific processing blocks
	9%
	4.5%
	
	· 

	BB: Total
	100%
	34.1%
	
	

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	44.9%
	
	




Observation 23: With PT1 + PT2, the combined complexity reduction with BW3 can be improved to 11%, which is 1% better than BW1/BW2-only that induces significant performance loss w.r.t. Rel-17 RedCap UE.

Observation 24: With PT1 + PT2, the combined complexity reduction with BW3 can be improved to ~10%, which is comparable to BW1/BW2-only that induces significant performance loss w.r.t. Rel-17 RedCap UE.

Table 10: Complexity reduction summary for combined complexity reduction options w.r.t Rel-17 RedCap UE
	Combined Options
	TDD with 1Rx
	FDD with 1Rx 
	HD-FDD with 1Rx
	TDD with 2Rx
	FDD with 2Rx
	HD-FDD with 2Rx

	BW1+PT1
	10.5%
	10.5%
	11.6%
	10.7%
	11.2%
	12.2%

	BW1+PT1+PT2
	10.9%
	11.1%
	12.4%
	11.3%
	12.0%
	13.0%

	BW2+PT1+PT2
	10.9%
	11.1%
	12.4%
	11.3%
	12.0%
	13.0%

	BW3+PT1
	8.9%
	8.8%
	9.8%
	9.1%
	9.5%
	10.3%

	BW3+PT1+PT2
	9.6%
	9.5%
	10.5%
	9.8%
	10.2%
	11.0%

	PR1+PT1
	4.9%
	5.1%
	5.7%
	5.0%
	5.5%
	6.0%

	PR1+PT1+PT2
	5.3%
	5.8%
	6.5%
	5.7%
	6.3%
	6.9%

	PR2+PT1+PT2
	5.3%
	5.8%
	6.5%
	5.7%
	6.3%
	6.9%

	PR3+PT1
	8.0%
	7.8%
	8.7%
	8.1%
	8.2%
	8.9%

	PR3+PT1+PT2
	8.5%
	8.3%
	9.2%
	8.6%
	9.0%
	9.7%




Proposal 5: To achieve the benefit be processing time relaxation while minimizing network scheduling impact, the following two options can be considered for further complexity reduction on RedCap UEs:
· Alt1: N1 and N2 are extended by [7] symbols
· Alt2: PDSCH/PUSCH processing time of more than one slots is allowed

[image: ]
Figure 1: Illustration of complexity reduction by allowing PDSCH processing time of more than one slot


Conclusion 1: There can achieve up to ~12% complexity reduction w.r.t. Rel-17 RedCap UE based on the options of bandwidth reduction, peak-data-rate reduction or combinations with processing time relaxation.
· Subject to no performance loss w.r.t. Rel-17 RedCap UE, only up to ~8% complexity reduction


Conclusion 2: Targeting minimum impact to legacy UEs and minimum performance loss w.r.t. Rel-17 RedCap UE, the following combined complexity reduction options can be considered for potential specification in Rel-18:
· Peak-data-rate reduction option PR3 and processing time relaxation option PT1 + PT2:
· PDSCH/PUSCH #RB up to 12 RBs (25 RBs) for TDD/30 kHz SCS (FDD/15 kHz SCS)
· PDSCH processing time of more than one slot is allowed 
· FFS: Whether to extend N1 and N2 by [7] symbols
· CSI processing time of more slot(s) is allowed 


Table 11: Summary for performance and complexity reduction trade-off for RedCap UE in TDD (30 kHz SCS)
	Performance: Required SNR (dB)
	 
	Complexity reduction w.r.t Rel-17 ReCap (%)

	Option
	PBCH
	PDCCH CSS
	SIB1
	
	1RX
	2RX

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3
	
	w/o PT1/2
	+ PT1
	+ PT1 + PT2
	w/o PT1/2
	+ PT1
	+ PT1 + PT2

	Rel-17 RedCap
	-7.8
	-5.3
	-2.1
	-2
	2
	
	0% (Ref)
	0% (Ref)

	BW1/BW2
	-3.2
	3.2
	3.8
	8.4
	8.9
	
	8.2%
	10.5%
	10.9%
	8.8%
	10.7%
	11.3%

	BW3
	-7.8
	-5.3
	-2.1
	8.4
	8.9
	
	6.9%
	8.9%
	9.6%
	7.2%
	9.1%
	9.8%

	PR1/PR2
	-7.8
	-5.3
	-2.1
	-2
	2
	
	2.4%
	4.9%
	5.3%
	2.7%
	5.0%
	5.7%

	PR3
	-7.8
	-5.3
	-2.1
	-2*
	2*
	
	5.8%
	8.0%
	8.5%
	6.2%
	8.1%
	8.6%


* PDSCH processing time of more than one slot is allowed


Table 12: Summary for performance and complexity reduction trade-off for RedCap UE in FDD (15 kHz SCS)
	Performance: Required SNR (dB)
	 
	Complexity reduction w.r.t Rel-17 ReCap (%)

	Option
	PBCH
	PDCCH CSS
	SIB1
	
	1RX
	2RX

	
	
	48RB
/AL16
	24RB
/AL8
	48RB
/MCS0
	24RB
/MCS3
	
	w/o PT1/2
	+ PT1
	+ PT1 + PT2
	w/o PT1/2
	+ PT1
	+ PT1 + PT2

	Rel-17 RedCap
	-4.8
	-4.5
	-1.6
	-1.6
	2.3
	
	0% (Ref)
	0% (Ref)

	BW1/BW2
	-4.8
	-1.5
	-1.6
	2.2
	2.3
	
	8.6%
	10.5%
	11.1%
	9.5%
	11.2%
	12.0%

	BW3
	-4.8
	-4.5
	-1.6
	2.2
	2.3
	
	7.1%
	8.8%
	9.5%
	7.8%
	9.5%
	10.2%

	PR1/PR2
	-4.8
	-4.5
	-1.6
	-1.6
	2.3
	
	3.2%
	5.1%
	5.8%
	3.6%
	5.5%
	6.3%

	PR3
	-4.8
	-4.5
	-1.6
	-1.6*
	2.3
	
	6.0%
	7.8%
	8.3%
	6.5%
	8.2%
	9.0%


* PDSCH processing time of more than one slot is allowed
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Appendix A: Detailed complexity reduction analysis 
In this section, more detailed UE cost reduction analysis is provided for different options where the total cost/reduction is calculated assuming the cost ratio of BB to RF is 6:4 in FR1 as in [3].
A.1: Bandwidth reduction options 
Table 13: TDD with 1Rx in FR1
	UE BW reduction Option
	TDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE in TDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 1 Rx, 64QAM, TDD
	38.7%
	65.9%
	55.1%
	0.0%

	Option BW1
	5 MHz for both BB and RF, 1 layer, 1 Rx, 64QAM, TDD
	38.7%
	72.2%
	58.8%
	8.2%

	Option BW2
	20 MHz for RF and 5 MHz for BB, 1 layer, 1 Rx, 64QAM, TDD
	38.7%
	72.2%
	58.8%
	8.2%

	Option BW3
	20 MHz for RF and control channels and reference signals, 5MHz for PDSCH (unicast and broadcast) and PUSCH, 1 layer, 1 Rx, 64QAM, TDD
	38.7%
	71.2%
	58.2%
	6.9%



Table 14: FDD with 1Rx in FR1 
	UE BW reduction Option
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with FDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 1 Rx, 64QAM, FDD
	16.2%
	55.6%
	39.8%
	0%

	Option BW1
	5 MHz for both BB and RF, 1 layer, 1 Rx, 64QAM, FDD
	16.2%
	64.2%
	45.0%
	8.6%

	Option BW2
	20 MHz for RF and 5 MHz for BB, 1 layer, 1 Rx, 64QAM, FDD
	16.2%
	64.2%
	45.0%
	8.6%

	Option BW3
	20 MHz for RF and control channels and reference signals, 5MHz for PDSCH (unicast and broadcast) and PUSCH, 1 layer, 1 Rx, 64QAM, FDD
	16.2%
	62.6%
	44.1%
	7.1%



Table 15: HD-FDD with 1Rx in FR1
	UE BW reduction Option
	HD-FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with HD-FDD

	Reference Rel-17 RedCap UE with HD-FDD
	20 MHz, 1 layer, 1 Rx, 64QAM, HD-FDD
	31.2%
	55.6%
	45.8%
	0%

	Option BW1
	5 MHz for both BB and RF, 1 layer, 1 Rx, 64QAM, HD-FDD 
	31.2%
	64.2%
	51.0%
	9.6%

	Option BW2
	20 MHz for RF and 5 MHz for BB, 1 layer, 1 Rx, 64QAM, HD-FDD
	31.2%
	64.2%
	51.0%
	9.6%

	Option BW3
	20 MHz for RF and control channels and reference signals, 5MHz for PDSCH (unicast and broadcast) and PUSCH, 1 layer, 1 Rx, 64QAM, HD-FDD
	31.2%
	62.6%
	50.1%
	7.9%



Table 16: TDD with 2Rx in FR1 
	UE BW reduction Option
	TDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE in TDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 2 Rx, 64QAM, TDD
	21.2%
	55.5%
	41.8%
	0%

	Option BW1
	5 MHz for both BB and RF, 1 layer, 2 Rx, 64QAM, TDD
	21.2%
	64.0%
	46.9%
	8.8%

	Option BW2
	20 MHz for RF and 5 MHz for BB, 1 layer, 2 Rx, 64QAM, TDD
	21.2%
	64.0%
	46.9%
	8.8%

	Option BW3
	20 MHz for RF and control channels and reference signals, 5MHz for PDSCH (unicast and broadcast) and PUSCH, 1 layer, 2 Rx, 64QAM, TDD
	21.2%
	62.6%
	46.0%
	7.2%



Table 17: FDD with 2Rx in FR1
	UE BW reduction Option
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with FDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 2 Rx, 64QAM, FDD
	0%
	40.4%
	24.2%
	0%

	Option BW1
	5 MHz for both BB and RF, 1 layer, 2 Rx, 64QAM, FDD
	0%
	52.3%
	31.4%
	9.5%

	Option BW2
	20 MHz for RF and 5 MHz for BB, 1 layer, 2 Rx, 64QAM, FDD
	0%
	52.3%
	31.4%
	9.5%

	Option BW3
	20 MHz for RF and control channels and reference signals, 5MHz for PDSCH (unicast and broadcast) and PUSCH, 1 layer, 2 Rx, 64QAM, FDD
	0%
	50.1%
	30.1%
	7.8%



Table 18: HD-FDD with 2Rx in FR1 
	UE BW reduction Option
	HD-FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with HD-FDD

	Reference Rel-17 RedCap UE with HD-FDD
	20 MHz, 1 layer, 2 Rx, 64QAM, HD-FDD
	15.0%
	40.4%
	30.2%
	0%

	Option BW1
	5 MHz for both BB and RF, 1 layer, 2 Rx, 64QAM, HD-FDD 
	15.0%
	52.3%
	37.4%
	10.3%

	Option BW2
	20 MHz for RF and 5 MHz for BB, 1 layer, 2 Rx, 64QAM, HD-FDD
	15.0%
	52.3%
	37.4%
	10.3%

	Option BW3
	20 MHz for RF and control channels and reference signals, 5MHz for PDSCH (unicast and broadcast) and PUSCH, 1 layer, 2 Rx, 64QAM, HD-FDD
	15.0%
	50.1%
	36.1%
	8.5%



A.2: Peak data rate reduction options 
Table 19: TDD with 1Rx in FR1
	Peak data rate reduction option
	TDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE in TDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 1 Rx, 64QAM, TDD
	38.7%
	65.9%
	55.1%
	0.0%

	Option PR1
	
	38.7%
	67.9%
	56.2%
	2.4%

	Option PR2
	
	38.7%
	67.9%
	56.2%
	2.4%

	Option PR3
	
	38.7%
	70.4%
	57.7%
	5.8%



Table 20: FDD with 1Rx in FR1
	Peak data rate reduction option
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with FDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 1 Rx, 64QAM, FDD
	16.2%
	55.6%
	39.8%
	0.0%

	Option PR1
	
	16.2%
	58.7%
	41.7%
	3.2%

	Option PR2
	
	16.2%
	58.7%
	41.7%
	3.2%

	Option PR3
	
	16.2%
	61.5%
	43.4%
	6.0%



Table 21: HD-FDD with 1Rx in FR1
	Peak data rate reduction option
	HD-FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with HD-FDD

	Reference Rel-17 RedCap UE with HD-FDD
	20 MHz, 1 layer, 1 Rx, 64QAM, HD-FDD
	31.2%
	55.6%
	45.8%
	0.0%

	Option PR1
	
	31.2%
	58.7%
	47.7%
	3.5%

	Option PR2
	
	31.2%
	58.7%
	47.7%
	3.5%

	Option PR3
	
	31.2%
	61.5%
	49.4%
	6.6%



Table 22: TDD with 2Rx in FR1
	Peak data rate reduction option
	TDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE in TDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 2 Rx, 64QAM, TDD
	21.2%
	55.5%
	41.8%
	0.0%

	Option PR1
	
	21.2%
	58.2%
	43.4%
	2.7%

	Option PR2
	
	21.2%
	58.2%
	43.4%
	2.7%

	Option PR3
	
	21.2%
	61.4%
	45.4%
	6.2%



Table 23: FDD with 2Rx in FR1 
	Peak data rate reduction option
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with FDD

	Reference Rel-17 RedCap UE
	20 MHz, 1 layer, 2 Rx, 64QAM, FDD
	0%
	40.4%
	24.2%
	0.0%

	Option PR1
	
	0%
	44.8%
	26.9%
	3.6%

	Option PR2
	
	0%
	44.8%
	26.9%
	3.6%

	Option PR3
	
	0%
	48.5%
	29.1%
	6.5%



Table 24: HD-FDD with 2Rx in FR1
	Peak data rate reduction option
	HD-FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE with HD-FDD

	Reference Rel-17 RedCap UE with HD-FDD
	20 MHz, 1 layer, 2 Rx, 64QAM, HD-FDD
	15.0%
	40.4%
	30.2%
	0.0%

	Option PR1
	
	15.0%
	44.8%
	32.9%
	3.9%

	Option PR2
	
	15.0%
	44.8%
	32.9%
	3.9%

	Option PR3
	
	15.0%
	48.5%
	35.1%
	7.0%



A.3: Combinations of options 
Table 25: TDD-1Rx, detailed cost reduction with different combination of options compared to R17 RedCap UE. 
	Combination of options
	TDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE

	Reference Rel-17 RedCap UE with TDD, 1Rx
	20 MHz, 1 layer, 1 Rx, 64QAM, TDD
	38.7%
	65.9%
	55.1%
	0.0%

	BW1+PT1
	
	38.7%
	73.8%
	59.8%
	10.5%

	BW1+PT1+PT2
	
	38.7%
	74.2%
	60.0%
	10.9%

	BW3+PT1
	
	38.7%
	72.7%
	59.1%
	8.9%

	BW3+PT1+PT2
	
	38.7%
	73.2%
	59.4%
	9.6%

	PR1+PT1
	
	38.7%
	69.6%
	57.3%
	4.9%

	PR1+PT1+PT2
	
	38.7%
	70.1%
	57.5%
	5.3%

	PR2+PT1+PT2
	
	38.7%
	70.1%
	57.5%
	5.3%

	PR3+PT1
	
	38.7%
	71.9%
	58.7%
	8.0%

	PR3+PT1+PT2
	
	38.7%
	72.4%
	58.9%
	8.5%



Table 26: FDD-1Rx, detailed cost reduction with different combination of options compared to R17 RedCap UE 
	Combination of options
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE

	Reference Rel-17 RedCap UE with FDD, 1Rx
	20 MHz, 1 layer, 1 Rx, 64QAM, FDD
	16.2%
	55.6%
	39.8%
	0.0%

	BW1+PT1
	
	16.2%
	66.0%
	46.1%
	10.5%

	BW1+PT1+PT2
	
	16.2%
	66.6%
	46.5%
	11.1%

	BW3+PT1
	
	16.2%
	64.4%
	45.1%
	8.8%

	BW3+PT1+PT2
	
	16.2%
	65.0%
	45.5%
	9.5%

	PR1+PT1
	
	16.2%
	60.7%
	42.9%
	5.1%

	PR1+PT1+PT2
	
	16.2%
	61.4%
	43.3%
	5.8%

	PR2+PT1+PT2
	
	16.2%
	61.4%
	43.3%
	5.8%

	PR3+PT1
	
	16.2%
	63.3%
	44.5%
	7.8%

	PR3+PT1+PT2
	
	16.2%
	63.9%
	44.8%
	8.3%



Table 27: HD-FDD-1Rx, detailed cost reduction with different combination of options compared to R17 RedCap UE
	Combination of options
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE

	Reference Rel-17 RedCap UE with HD-FDD, 1Rx
	20 MHz, 1 layer, 1 Rx, 64QAM, HD-FDD
	31.2%
	55.6%
	45.8%
	0.0%

	BW1+PT1
	
	31.2%
	66.0%
	52.1%
	11.6%

	BW1+PT1+PT2
	
	31.2%
	66.6%
	52.5%
	12.4%

	BW3+PT1
	
	31.2%
	64.4%
	51.1%
	9.8%

	BW3+PT1+PT2
	
	31.2%
	65.0%
	51.5%
	10.5%

	PR1+PT1
	
	31.2%
	60.7%
	48.9%
	5.7%

	PR1+PT1+PT2
	
	31.2%
	61.4%
	49.3%
	6.5%

	PR2+PT1+PT2
	
	31.2%
	61.4%
	49.3%
	6.5%

	PR3+PT1
	
	31.2%
	63.3%
	50.5%
	8.7%

	PR3+PT1+PT2
	
	31.2%
	63.9%
	50.8%
	9.2%



Table 28: TDD-2Rx, detailed cost reduction with different combination of options compared to R17 RedCap UE 
	Combination of options
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE

	Reference Rel-17 RedCap UE with TDD, 2Rx
	20 MHz, 1 layer, 2 Rx, 64QAM, TDD
	21.2%
	55.5%
	41.8%
	0.0%

	BW1+PT1
	
	21.2%
	65.9%
	48.0%
	10.7%

	BW1+PT1+PT2
	
	21.2%
	66.5%
	48.4%
	11.3%

	BW3+PT1
	
	21.2%
	64.4%
	47.1%
	9.1%

	BW3+PT1+PT2
	
	21.2%
	65.0%
	47.5%
	9.8%

	PR1+PT1
	
	21.2%
	60.4%
	44.7%
	5.0%

	PR1+PT1+PT2
	
	21.2%
	61.0%
	45.1%
	5.7%

	PR2+PT1+PT2
	
	21.2%
	61.0%
	45.1%
	5.7%

	PR3+PT1
	
	21.2%
	63.3%
	46.5%
	8.1%

	PR3+PT1+PT2
	
	21.2%
	63.9%
	46.8%
	8.6%



Table 29: FDD-2Rx, detailed cost reduction with different combination of options compared to R17 RedCap UE 
	Combination of options
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE

	Reference Rel-17 RedCap UE with FDD, 2Rx
	20 MHz, 1 layer, 2 Rx, 64QAM, FDD
	0.0%
	40.4%
	24.2%
	0.0%

	BW1+PT1
	
	0.0%
	54.5%
	32.7%
	11.2%

	BW1+PT1+PT2
	
	0.0%
	55.4%
	33.3%
	12.0%

	BW3+PT1
	
	0.0%
	52.3%
	31.4%
	9.5%

	BW3+PT1+PT2
	
	0.0%
	53.2%
	31.9%
	10.2%

	PR1+PT1
	
	0.0%
	47.4%
	28.4%
	5.5%

	PR1+PT1+PT2
	
	0.0%
	48.3%
	29.0%
	6.3%

	PR2+PT1+PT2
	
	0.0%
	48.3%
	29.0%
	6.3%

	PR3+PT1
	
	0.0%
	50.7%
	30.4%
	8.2%

	PR3+PT1+PT2
	
	0.0%
	51.6%
	31.0%
	9.0%



Table 30: HD-FDD-2Rx, detailed cost reduction with different combination of options compared to R17 RedCap UE
	Combination of options
	FDD UE features in FR1
	RF reduction compared to reference Rel-15 NR UE 
	BB reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-15 NR UE
	Total reduction compared to reference Rel-17 RedCap UE

	Reference Rel-17 RedCap UE with FDD, 2Rx
	20 MHz, 1 layer, 2 Rx, 64QAM, HD-FDD
	15.0%
	40.4%
	30.2%
	0.0%

	BW1+PT1
	
	15.0%
	54.5%
	38.7%
	12.2%

	BW1+PT1+PT2
	
	15.0%
	55.4%
	39.3%
	13.0%

	BW3+PT1
	
	15.0%
	52.3%
	37.4%
	10.3%

	BW3+PT1+PT2
	
	15.0%
	53.2%
	37.9%
	11.0%

	PR1+PT1
	
	15.0%
	47.4%
	34.4%
	6.0%

	PR1+PT1+PT2
	
	15.0%
	48.3%
	35.0%
	6.9%

	PR2+PT1+PT2
	
	15.0%
	48.3%
	35.0%
	6.9%

	PR3+PT1
	
	15.0%
	50.7%
	36.4%
	8.9%

	PR3+PT1+PT2
	
	15.0%
	51.6%
	37.0%
	9.7%
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