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1 Introduction
The following agreements were made in RAN1#109e regarding further complexity reduction for Redcap UEs [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,
· 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 ([image: ], [image: ], [image: ]) [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:
· 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 terms of evaluation results, the following was agreed in RAN1#109e [2]:
	Agreement:
Adopt the template in principle for collection of complexity reduction evaluation results in eRedCapComplexityTemplate-v001.xlsx.

Agreement:
Final template corresponding to eRedCapComplexityTemplate-v001.xlsx, in R1-2205696, is agreed for collection of complexity reduction evaluation results.

Agreement:
Adopt these templates in principle for collection of coverage impact evaluation results:
1.     1. eRedCapCoverageTemplate-0.7GHz-v002.xlsx
2.     2. eRedCapCoverageTemplate-2.6GHz-11PRBs-v002.xlsx
3.     3. eRedCapCoverageTemplate-2.6GHz-12PRBs-Opt-v002.xlsx
4.     4. eRedCapCoverageTemplate-4GHz-11PRBs-33dBmPSD-Opt-v002.xlsx
5.     5. eRedCapCoverageTemplate-4GHz-11PRBs-24dBmPSD-Opt-Opt-v002.xlsx

Agreement:
Final templates, corresponding to above 5 templates, in R1-2205696, is agreed for collection of coverage impact evaluation results.

Note:
For the approach of collecting evaluation results:
Evaluation results are collected in an Inbox/drafts folder on the FTP site. Companies are free to upload results from Monday 8th August and are encouraged to provide their results until Tuesday 16th August.




This discussion provides an analysis on the complexity reduction potential for the bandwidth reduction and peak rate reduction techniques agreed for analysis in RAN1#109e. We also provide complexity reduction analysis for HD-FDD Type B, which provides a complexity reduction gain that is additional to those considered in RAN1#109e.
The complexity reduction analysis in this document is compatible with the Rel-17 analysis that we provided in [3].
2 Baseline UE for comparison
The baseline UE to be used when considering Rel-18 complexity reduction has the following features [1], as agreed in RAN1#109e:
· 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).


3 Bandwidth Reduction
The following bandwidth reduction options are considered:
· 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.
· 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.

The complexity analysis is based on the Rel-17 Redcap feature set plus the additional BW1 / BW2 / BW3 features.
3.1 BW1: both RF and BB bandwidths are 5MHz

The effects on the complexity breakdown of BW1 are summarized in the table below:
Table 1 – BW1 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	0.25
	Scales with RF BW for UL and DL

	BB: FFT/IFFT
	0.20
	Scales as N*log*N for UL and DL, based on RF BW

	BB: Post-FFT data buffering
	0.25
	Scales with BW 

	BB: Receiver processing block
	0.25
	Scales with BW 

	BB: LDPC decoding
	0.25
	Scales with BW for DL since data rate is reduced

	BB: HARQ buffer
	0.25
	Scales with BW for DL since data rate is reduced

	BB: DL control processing & decoder
	1.0
	Assume there is no change here as there would be added complexity to compensate for a smaller CORESET

	BB: Synchronization / cell search block
	1.0
	Assume there is no change here as there would be added complexity to compensate for coverage loss associated with not decoding all the SSB bandwidth

	BB: UL processing block
	0.8
	Partially scales with UL BW. UL control processing does not scale with BW

	BB: MIMO specific processing blocks
	1.0
	Scales with number of layers



The complexity ratios are relative to the Rel-17 baseline Redcap UE.
We make the following observations about aspects of BW1:
Table 2 – Observations on BW1
	aspect
	observation

	UE complexity reduction wrt R17
	7.7%

This option has one of the larger UE complexity reductions due to reduction in both physical and channel transport channel processing

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]

	Compatibility
	SSB and CORESET#0 do not fit within the 5MHz bandwidth

Backwards compatibility issues for supporting NR with in-band NB-IoT / eMTC carrier

	Spectral efficiency impact
	Potential needed for dedicated SSB and CORESET#0 reduces system spectral efficiency

	Specification impact
	Significant due to SSB and CORESET#0 issues




3.2 BW2: 20MHz RF bandwidth; 5 MHz BB bandwidth

The effects on the complexity breakdown of BW2 are summarized in the table below:
Table 3 – BW2 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	Scales with RF BW for UL and DL

	BB: FFT/IFFT
	1.0
	Scales as N*log*N for UL and DL, based on RF BW

	BB: Post-FFT data buffering
	0.25
	Scales with BB BW 

	BB: Receiver processing block
	0.25
	Scales with BB BW

	BB: LDPC decoding
	0.25
	Scales with BW for DL since data rate is reduced

	BB: HARQ buffer
	0.25
	Scales with BW for DL since data rate is reduced

	BB: DL control processing & decoder
	1.0
	Assume there is no change here as there would be added complexity to compensate for a smaller CORESET

	BB: Synchronization / cell search block
	1.0
	Assume there is no change here as there would be added complexity to compensate for coverage loss associated with not decoding all the SSB bandwidth

	BB: UL processing block
	0.8
	Partially scales with UL BW. UL control processing does not scale with BW

	BB: MIMO specific processing blocks
	1.0
	Scales with number of layers




The complexity ratios are relative to the Rel-17 baseline Redcap UE.

We make the following observations about aspects of BW2:
Table 4 – Observations on BW2
	aspect
	observation

	UE complexity reduction wrt R17
	6.1%

This option has one of the larger UE complexity reductions due to reduction in both physical and channel transport channel processing. ADC / FFT processing is not reduced compared to BW1

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]

	Compatibility
	SSB and CORESET#0 do not fit within the 5MHz bandwidth

Backwards compatibility issues for supporting NR with in-band NB-IoT / eMTC carrier

	Spectral efficiency impact
	Potential needed for dedicated SSB and CORESET#0 reduces system spectral efficiency

	Specification impact
	Significant due to SSB and CORESET#0 issues

	Overall
	BW1 has a larger complexity reduction and similar compatibility impacts. Hence, BW2 does not seem to provide a benefit compared to BW1.




3.3 BW3: 20MHz RF bandwidth; 5 MHz BB bandwidth for PDSCH/PUSCH
Note: the baseband bandwidth is 5MHz in contiguous spectrum for PDSCH. For other channels (for example, PDCCH, SSB, PUCCH etc.), the baseband bandwidth is 20MHz.

The effects on the complexity breakdown of BW3 are summarized in the table below:
Table 5 – BW3 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	Components need to switch quickly after PDCCH decoding

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	Scales with RF BW for UL and DL

	BB: FFT/IFFT
	1.0
	Scales as N*log*N for UL and DL, based on RF BW

	BB: Post-FFT data buffering
	0.52
	Scales with BB BW. Assume 5OS need to be buffered at 20MHz and 9 OS at 5MHz 

	BB: Receiver processing block
	0.36
	Scales with BB BW. Assume 2OS need to be buffered at 20MHz (PDCCH) and 12 OS at 5MHz

	BB: LDPC decoding
	0.25
	Scales with BW for DL since data rate is reduced. PDSCH BW = 5MHz

	BB: HARQ buffer
	0.25
	Scales with BW for DL since data rate is reduced. PDSCH BW = 5MHz

	BB: DL control processing & decoder
	1.0
	PDCCH might need to be decoded more quickly. Assume no change in speed to PDCCH decoder wrt R17

	BB: Synchronization / cell search block
	1.0
	SSB decoded in 20MHz BW

	BB: UL processing block
	0.8
	Partially scales with UL BW. UL control processing does not scale with BW

	BB: MIMO specific processing blocks
	1.0
	Scales with number of layers




The complexity ratios are relative to the Rel-17 baseline Redcap UE.

We make the following observations about aspects of BW3:
Table 6 – Observations on BW3
	aspect
	observation

	UE complexity reduction wrt R17
	5.4%

The complexity could be reduced further by supporting a lower maximum bandwidth, such as 3MHz

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]

	Compatibility
	SSB and CORESET#0 are unaffected as these are decoded in 20MHz BW

	Spectral efficiency impact
	Minimal assuming OTA channel has sufficient diversity in 5MHz

	Specification impact
	Potentially low specification impact

	Overall
	Reduction in complexity not significant compared to Rel-17  



4 Peak Rate Reduction
The following peak rate reduction options are considered:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· 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 ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.


4.1 PR1: Relaxation of peak data rate constraint in 38.306 (Rel-17)
Here, we consider the relaxation of the Rel-17 constraint that  .
The effects on the cost breakdown of PR1 are summarized in the table below:
Table 7 – PR1 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	20MHz BW applied

	BB: FFT/IFFT
	1.0
	20MHz BW applied

	BB: Post-FFT data buffering
	1.0
	20MHz BW applied

	BB: Receiver processing block
	1.0
	20MHz BW applied

	BB: LDPC decoding
	0.25
	Constraint scaled from 4 to 1

	BB: HARQ buffer
	0.42
	Code rate 1/3 can be supported with only partial PHY resource

	BB: DL control processing & decoder
	1.0
	20MHz BW applied

	BB: Synchronization / cell search block
	1.0
	20MHz BW applied

	BB: UL processing block
	0.8
	Partially scales with UL peak rate. UL control processing does not scale with peak rate

	BB: MIMO specific processing blocks
	1.0
	Scales with number of layers



The complexity ratios are relative to the Rel-17 baseline Redcap UE.

We make the following observations about aspects of PR1:
Table 8 – Observations on PR1
	aspect
	observation

	UE complexity reduction wrt R17
	2.3%

Complexity reduction is limited as only the transport channel processing complexity is reduced. The physical channel processing load (FFT, sample buffering, channel estimation etc) load is not reduced.

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on criterion = 1 in TS38.306 and 20MHz bandwidth]

	Compatibility
	SSB and CORESET#0 are unaffected 

	Spectral efficiency impact
	Minimal. All channels are still decoded in a 20MHz bandwidth

	Specification impact
	Potentially low specification impact

	Overall
	Reduction in complexity not significant compared to Rel-17  




4.2 PR2: Restriction of max TBS to 10000 bits
The effects on the cost breakdown of PR2 are summarized in the table below:
Table 9 – PR2 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	20MHz BW applied

	BB: FFT/IFFT
	1.0
	20MHz BW applied

	BB: Post-FFT data buffering
	1.0
	20MHz BW applied

	BB: Receiver processing block
	1.0
	20MHz BW applied

	BB: LDPC decoding
	0.18
	Data rate reduced from 56.7Mbps (criterion = 4) to 10Mbps

	BB: HARQ buffer
	0.33
	Code rate 1/3 can be supported with only partial PHY resource

	BB: DL control processing & decoder
	1.0
	20MHz BW applied

	BB: Synchronization / cell search block
	1.0
	20MHz BW applied

	BB: UL processing block
	0.8
	Partially scales with UL peak rate. UL control processing does not scale with peak rate

	BB: MIMO specific processing blocks
	1.0
	Scales with number of layers



The complexity ratios are relative to the Rel-17 baseline Redcap UE.

We make the following observations about aspects of PR2:
Table 10 – Observations on PR2
	aspect
	observation

	UE complexity reduction wrt R17
	2.3%

Complexity reduction is limited as only the transport channel processing complexity is reduced. The physical channel processing load (FFT, sample buffering, channel estimation etc) load is not reduced.

	Peak data rate
	10Mbps DL / 10Mbps UL [based on criterion = 1 in TS38.306 and 20MHz bandwidth]

	Compatibility
	SSB and CORESET#0 are unaffected 

	Spectral efficiency impact
	Minimal. All channels are still decoded in a 20MHz bandwidth

	Specification impact
	Potentially low specification impact

	Overall
	Reduction in complexity not significant compared to Rel-17  



4.3 PR3: Restriction of max 25 PRBs 

Note: this option is similar to BW3, but the spectral resource for PDSCH and PUSCH does not need to be contiguous. For other channels (for example, PDCCH, SSB, PUCCH etc.), the baseband bandwidth is 20MHz.

The effects on the cost breakdown of PR3 are summarized in the table below. The complexity analysis for PR3 is the same as for BW3:
Table 11 – PR3 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	Scales with RF BW for UL and DL

	BB: FFT/IFFT
	1.0
	Scales as N*log*N for UL and DL, based on RF BW

	BB: Post-FFT data buffering
	0.52
	Scales with BB BW. Assume 5OS need to be buffered at 20MHz and 9 OS at 5MHz 

	BB: Receiver processing block
	0.36
	Scales with BB BW. Assume 2OS need to be buffered at 20MHz (PDCCH) and 12 OS at 5MHz

	BB: LDPC decoding
	0.25
	Scales with BW for DL since data rate is reduced. PDSCH BW = 5MHz

	BB: HARQ buffer
	0.25
	Scales with BW for DL since data rate is reduced. PDSCH BW = 5MHz

	BB: DL control processing & decoder
	1.0
	PDCCH might need to be decoded more quickly. Assume no change in speed to PDCCH decoder wrt R17

	BB: Synchronization / cell search block
	1.0
	SSB decoded in 20MHz BW

	BB: UL processing block
	0.8
	Partially scales with UL BW. UL control processing does not scale with BW

	BB: MIMO specific processing blocks
	1.0
	Scales with number of layers




The complexity ratios are relative to the Rel-17 baseline Redcap UE

We make the following observations about aspects of PR3:
Table 12 – Observations on PR3
	aspect
	observation

	UE complexity reduction wrt R17
	5.4%

Complexity reduction is greater than for other peak rate reduction schemes (PR1, PR2) since the physical channel processing load is also reduced by PR3.

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]

	Compatibility
	SSB and CORESET#0 are unaffected as these are decoded in 20MHz BW

	Spectral efficiency impact
	Less spectral efficiency impact than for BW3 due to the additional diversity in a 20MHz channel

	Specification impact
	Specification impact may be greater than for BW3 since the rules on which PRBs the UE decodes PDSCH / encodes PUSCH may be more complicated than for BW3

	Overall
	A worthwhile amount of complexity reduction without adverse impacts on compatibility and acceptable specification impact.





5 Relaxed Processing Timeline
The following relaxed UE processing timeline options are considered:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.

In the baseline UE, the receiver and transmitter pipelines may not be used all of the time. In order to meet the processing timeline requirements, the UE may need to process transport channels at a high instantaneous peak rate, while leaving the circuitry unused at other times. A complexity reduction could be achieved by relaxing the processing timeline requirements, allowing circuitry to be used all of the time. The complexity of the downlink control channel processing and UL processing blocks are also reduced as the control channels can be processed at a lower rate with a relaxed UE processing timeline. The complexity saving from a relaxed processing timeline is very dependent on implementation.
5.1 PT1: Relaxation of N1 / N2 (PDSCH and PUSCH) 
In the baseline UE, the receiver and transmitter pipelines may not be used all of the time. In order to meet the processing timeline requirements, the UE may need to process transport channels at a high instantaneous peak rate, while leaving the circuitry unused at other times. A complexity reduction could be achieved by relaxing the processing timeline requirements, allowing circuitry to be used all of the time. The complexity of the downlink control channel processing and UL processing blocks are also reduced as the control channels can be processed at a lower rate with a relaxed UE processing timeline. The complexity saving from a relaxed processing timeline is very dependent on implementation.
The effects on the cost breakdown of PT1 are summarized in the table below. 
Table 13 – PT1 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	-

	BB: FFT/IFFT
	1.0
	-

	BB: Post-FFT data buffering
	1.0
	-

	BB: Receiver processing block
	1.0
	-

	BB: LDPC decoding
	0.75
	Lower instantaneous processing rate requirement

	BB: HARQ buffer
	1.0
	-

	BB: DL control processing & decoder
	0.75
	PDCCH can be decoded more slowly

	BB: Synchronization / cell search block
	1.0
	SSB decoded in 20MHz BW. No change in processing timeline

	BB: UL processing block
	0.8
	Lower instantaneous PUSCH processing rate. PUCCH can be processed more slowly

	BB: MIMO specific processing blocks
	1.0
	-



The complexity ratios are relative to the Rel-17 baseline Redcap UE.


The agreements in RAN#109e mean that the cost reduction from relaxed processing timeline need to be reported in conjunction with either reduced bandwidth or reduced peak data rate. BW3 and PR3 are the most promising bandwidth / peak data reduction schemes and have similar complexity. We hence provide an analysis of BW3 + PT1 in the table below.

The effects on the cost breakdown of PT1 + BW3 are summarized in the table below. 
Table 14 – BW3 + PT1 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	-

	BB: FFT/IFFT
	1.0
	-

	BB: Post-FFT data buffering
	0.52
	BW3

	BB: Receiver processing block
	0.36
	BW3

	BB: LDPC decoding
	0.19
	BW3 + PT1

	BB: HARQ buffer
	0.25
	BW3

	BB: DL control processing & decoder
	0.75
	PT1

	BB: Synchronization / cell search block
	1.0
	-

	BB: UL processing block
	0.64
	BW3 + PT1

	BB: MIMO specific processing blocks
	1.0
	-




We make the following observations about aspects of PT1 + BW3:
Table 15 – Observations on PT1 + BW3
	aspect
	observation

	UE complexity reduction wrt R17
	7.5%

PT1 contributes an additional 2.1% complexity reduction relative to BW3.

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]. This is due to the BW3 cost reduction.

	Compatibility
	Scheduler complexity may be increased by PT1 as the scheduler will have to deal with a new set of inter-channel timings in addition to the 2 sets that are already specified in R17.

SSB and CORESET#0 are unaffected as these are decoded in 20MHz BW

	Spectral efficiency impact
	No additional spectral efficiency impact from PT1

	Specification impact
	Specification impact would revolve around inter-channel timings due to PT1

	Overall
	PT1 adds a significant complexity reduction to that already obtained from BW3.  




5.2 PT2: Relaxation of Z1 / Z2 (CSI) 
Relaxation of the CSI processing timelines will reduce the complexity of the UL processing block (the CSI can be computed more over a longer time before being reported on UL channels) and the MIMO specific processing block (derivation of MIMO-related elements of the CSI report can be generated more slowly).
The effects on the complexity breakdown of BW3 + PT1 + PT2 are summarized in the table below. 
Table 16 – BW3 + PT1 + PT2 complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	1.0
	-

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	-

	BB: FFT/IFFT
	1.0
	-

	BB: Post-FFT data buffering
	0.52
	BW3

	BB: Receiver processing block
	0.36
	BW3

	BB: LDPC decoding
	0.19
	BW3 + PT1

	BB: HARQ buffer
	0.25
	BW3

	BB: DL control processing & decoder
	0.75
	PT1, PT2

	BB: Synchronization / cell search block
	1.0
	-

	BB: UL processing block
	0.55
	BW3 + PT1 + PT2. UL channels containing CSI reports can be processed more slowly.

	BB: MIMO specific processing blocks
	0.75
	MIMO elements of CSI report can be generated more slowly



The complexity ratios are relative to the Rel-17 baseline Redcap UE.


We make the following observations about aspects of PT1 + PT2 + BW3:
Table 17 – Observations on PT1 + PT2 + BW3
	aspect
	observation

	UE complexity reduction wrt R17
	9.4%

The combination of PT1 and PT2 provides a higher complexity reduction than just PT1.

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]. This is due to the BW3 cost reduction.

	Compatibility
	Scheduler complexity may be increased by PT1 as the scheduler will have to deal with a new set of inter-channel timings in addition to the 2 sets that are already specified in R17. Timing of CSI reports will also change and this might also affect the scheduler.

SSB and CORESET#0 are unaffected as these are decoded in 20MHz BW

	Spectral efficiency impact
	No additional spectral efficiency impact from PT1 +  PT2. In fast channels, a delay in the CSI report might affect the scheduler’s ability to track the channel when making scheduling decisions.

	Specification impact
	Specification impact would revolve around inter-channel timings due to PT1 and PT2

	Overall
	PT1 + PT2 adds a significant complexity reduction to that already obtained from BW3.  





6 HD-FDD Type B
This section considers the complexity reduction that would be achievable using HD-FDD Type B, rather than HD-FDD Type A.
 
HD-FDD Type B supports a longer switching time between UL and DL than HD-FDD Type A. HD-FDD Type A would typically require separate RF synthesisers for UL and DL in order to meet the switching time requirements. The longer switching times associated with HD-FDD Type B allow a single RF synthesiser to be shared between UL and DL, hence reducing RF complexity. 

The effects on the cost breakdown of HD-FDD Type B are summarized in the table below. These cost breakdowns are relative to HD-FDD Type A. We assume that there is no change in baseband complexity relative to HD-FDD Type A.
Table 18 – HD-FDD Type B complexity analysis
	Component
	Complexity ratio
	Comment

	RF: Power amplifier 
	1.0
	-

	RF: Filters
	1.0
	-

	RF: Transceiver (incl. LNAs, mixer, LO)
	0.9
	Single synthesizer can be used for both DL and UL. Other aspects (LNA, mixer etc. are not significantly affected by HD-FDD Type B)

	RF: Duplexer / Switch
	1.0
	-

	BB: ADC / DAC
	1.0
	-

	BB: FFT/IFFT
	1.0
	-

	BB: Post-FFT data buffering
	1.0
	-

	BB: Receiver processing block
	1.0
	-

	BB: LDPC decoding
	1.0
	-

	BB: HARQ buffer
	1.0
	-

	BB: DL control processing & decoder
	1.0
	-

	BB: Synchronization / cell search block
	1.0
	-

	BB: UL processing block
	1.0
	-

	BB: MIMO specific processing blocks
	1.0
	-



The complexity ratios are relative to an HD-FDD Type A Rel-17 baseline Redcap UE. Note that the other analyses in this document have considered an FD-FDD Rel-17 RedCap UE as the baseline.

We make the following observations about aspects of PT1:
Table 19 – Observations on PT1
	aspect
	observation

	UE complexity reduction wrt R17 HD-FDD
	2.7%

Unlike other complexity reductions considered in R18, this complexity reduction is achieved through RF complexity reduction.

	Peak data rate
	13.4Mbps DL / 14.3Mbps UL [based on constraint = 4 in TS38.306]

These are the peak data rates and the data rate averaged over a DL-UL data exchange will be lower as the UE cannot be scheduled in both DL and UL directions at the same time.

	Compatibility
	SSB and CORESET#0 are unaffected as these are decoded in 20MHz BW. Some scheduler changes may be necessary to deal with the switching times between UL and DL.

	Spectral efficiency impact
	Not significant as unused resources for one UE can be scheduled to another UE. 

	Specification impact
	Specifications will have to account for the switching times between DL and UL; possible collision handling between UL and DL

	Overall
	2.7% complexity reduction is significant as it is achieved in the RF and is additive to the baseband complexity reductions considered elsewhere.  





7 Discussion
The complexity analysis above is based on the agreed assumptions in RAN1#109e. 
The Rel-17 study on RedCap was not heavily impacted by the residual complexity of functions such as SSB decoding, control channel decoding and MIMO specific functions since the remaining baseband complexity (ADC, receiver processing, LDPC etc) were reasonably high. In contrast, in Rel-18, any overestimation of the residual complexity of functions such as SSB decoding, control channel decoding and MIMO specific functions will set an unrealistic floor on the potentially available complexity reduction.
Observation 1: The complexity reduction analysis methodology provides a lower limit on the complexity reduction that can be achieved. Real devices may achieve more significant complexity reductions than predicted by the Rel-18 analysis.
In our opinion, the complexity reductions available in Rel-18 are more significant in a real device than the above analysis would suggest. We think that the significant complexity reductions in physical channel and transport channel processing in a device that support peak DL / UL data rates of about 10Mbps would make a Rel-18 RedCap device compelling.
From our analysis, based on the agreed complexity reduction evaluation methodology from RAN1#109e, we make the following observations relating to complexity reduction techniques for Rel-18 RedCap:
Observation 2: For bandwidth reduction, the following complexity reductions are feasible:
· BW1: 7.7%
· BW2: 6.1%
· BW3: 5.4%

Observation 3: For peak rate reduction, the following complexity reductions are feasible:
· PR1: 2.3%
· PR2: 2.3%
· PR3: 5.4%

Observation 4: For processing timeline relaxation, the following complexity reductions are feasible:
· BW3 + PT1: 7.5%
· BW3 + PT1 + PT2: 9.4%

Observation 5: For HD-FDD, the following complexity reductions are feasible:
· HD-FDD Type B: 2.7%

Observation 6: The total complexity reduction available in Rel-18 for an HD-FDD device is:
· BW3 + PT1 + PT2 + HD-FDD Type B: 12.1%

The balance between complexity reduction and specification impact / system impact that is achieved by options BW3 or PR3 make these options our preferred approaches to complexity reduction from among the bandwidth reduction / peak rate -related  techniques for RedCap in Rel-18.
Proposal 1: Support either BW3 or PR3 complexity reduction techniques in Rel-18.
The processing timeline relaxation techniques PT1 and PT2 add a significant complexity reduction above that provided by BW3 / PR3. The specification impacts / compatibility aspects of these complexity reduction techniques are considered to be reasonably straightforward.
Proposal 2: Support the combination of PT1 and PT2 complexity reduction techniques in Rel-18.
Support of HD-FDD Type B will add a further complexity reduction that is additional to all of the other complexity reduction techniques discussed above, since the complexity reduction is achieved by reducing the RF complexity rather than the baseband complexity. We think that HD-FDD is an important feature for RedCap (whether in Rel-17 or Rel-18) as it offers benefits that go beyond complexity reduction, including reduction in power consumption and ease of support of multiple bands.
Proposal 3: Support HD-FDD Type B in Rel-18.

8 Conclusion
This document has analysed the complexity reductions available with various complexity reduction techniques. The document has also considered the impacts of the complexity reduction techniques.
The following observations are made:
Observation 1: The complexity reduction analysis methodology provides a lower limit on the complexity reduction that can be achieved. Real devices may achieve more significant complexity reductions than predicted by the Rel-18 analysis.
Observation 2: For bandwidth reduction, the following complexity reductions are feasible:
· BW1: 7.7%
· BW2: 6.1%
· BW3: 5.4%
Observation 3: For peak rate reduction, the following complexity reductions are feasible:
· PR1: 2.3%
· PR2: 2.3%
· PR3: 5.4%
Observation 4: For processing timeline relaxation, the following complexity reductions are feasible:
· BW3 + PT1: 7.5%
· BW3 + PT1 + PT2: 9.4%
Observation 5: For HD-FDD, the following complexity reductions are feasible:
· HD-FDD Type B: 2.7%
Observation 6: The total complexity reduction available in Rel-18 for an HD-FDD device is:
· BW3 + PT1 + PT2 + HD-FDD Type B: 12.1%
Based on our overall analysis, the following proposals are made:
Proposal 1: Support either BW3 or PR3 complexity reduction techniques in Rel-18.
Proposal 2: Support the combination of PT1 and PT2 complexity reduction techniques in Rel-18.
Proposal 3: Support HD-FDD Type B in Rel-18.


References
[1]	RP-221160. “Status report for Study on further NR RedCap (reduced capability) UE complexity reduction”. Source: RAN1. RANP#96. Budapest. June 2022.

[2]	R1-2205696. “FL summary for evaluation templates for Rel-18 RedCap SI”. Moderator (Ericsson). RAN1#109e.

[3]	R1-2009293. “FL summary on RedCap evaluation results”. Moderator (Ericsson, Apple, Qualcomm). RAN1#103e. August 2020.



image1.png
v
Layers




image2.png
)




image3.png
£




