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Discussion and Decision
1 Introduction

In Rel-17 SI on support of reduced capability NR devices [1], one objective is to identify and study potential UE complexity reduction features, including –

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability  

As noted in [1], the study includes evaluations of the impact to coverage, network capacity and spectral efficiency. In this contribution, we provide evaluations of the UE complexity reduction features.
2 Evaluation Methodology
The reference NR UE to be used for evaluation of cost/complexity reduction features was agreed in RAN1#101e and summarized below –
· All mandatory Rel-15 features (with or without capability signaling)

· Single RAT

· Operation in a single band at a time

· Maximum bandwidth: 

· For FR1: 100 MHz for DL and UL

· For FR2: 200 MHz for DL and UL

· Antennas: 

· For FR1 FDD: 2Rx/1Tx

· For FR1 TDD: 4Rx/1Tx

· For FR2: 2Rx/1Tx

· Power class: PC3

· Processing time: Capability 1

· Modulation: 

· For FR1: support 256QAM for DL and 64QAM for UL

· For FR2: support 64QAM for DL and 64QAM for UL

· Access: Direct DL/UL access between UE and gNB

2.1 Cost/Complexity Breakdown
Complexity breakdown for the different UE components must be considered so proper complexity comparison can be achieved. Generally, UE cost drivers can be broken down into two parts – RF and baseband. The RF components include antenna ports, RF tranceivers (LNA, mixer, local oscillator), PA, filters, duplexer, switches, etc. The baseband components include ADC/DAC, FFT/IFFT, data buffer, receiver processing block, LPDC coder/decoder, Polar coder/decoder, MIMO processing blocks, cell search processing block, etc. In [2], the recommended cost breakdown for RF-baseband was 40% RF and 60% baseband. 

An example of the various cost/complexity components is shown below –
· RF

· PA

· Duplexer 

· RF transceiver (including LNAs, mixer, and local oscillator)

· Filters

· Baseband

· ADC/DAC

· FFT/IFFT

· Post-FFT data buffering
· Synchronization / cell search block

· Receiver processing block

· UL processing block

· LDPC decoding

· HARQ buffer

· PDCCH processing block & Polar decoder

The cost breakdown of reference NR UE for evaluation is shown in Table 2. For the 1Tx-2Rx (FR1) reference NR UE, the cost breakdown follows the recommended values for reference LTE UE in [2]. For the 1Tx-4Rx (FR1) reference NR UE, the cost breakdown was adjusted to account for the additional Rx antenna chains.
2.2 Simulation Assumptions
The following scenarios were simulated to evaluated performance of reference NR UE and expected impact from various complexity reduction features –
Table 1. Simulation assumptions.
	Parameters
	FR1 values

	Scenario and frequency
	Urban:

2.6 GHz (TDD) 

Rural:

700 MHz (FDD)

	Frame structure for TDD
	For 2.6 GHz:

DDDDDDDSUU 

(S: 6D:4G:4U)

	Channel model
	TDL-C

	UE velocity
	3 km/h


The full simulation assumptions for link-level simulations are described in Tables 1-4 in [5].
Table 2. Cost breakdown of reference NR UE for evaluation.
	Functional block
(Ratio of RF to baseband cost 40:60)
	Cost breakdown

(for evaluation)

	
	1Tx-2Rx
	1Tx-4Rx

	Power amplifier
	25%
	16%

	Filters
	10%
	13%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	45%
	58%

	Duplexer / Switch
	20%
	13%

	Other
	0%
	0%

	Total of RF
	100%
	100%

	ADC / DAC 
	10%
	10%

	FFT/IFFT
	5%
	6%

	Post-FFT data buffering
	10%
	12%

	Receiver processing block
	25%
	30%

	LDPC decoding
	10%
	6%

	HARQ buffer
	10%
	6%

	DL control processing & decoder
	5%
	3%

	Synchronization / cell search block
	10%
	12%

	UL processing block
	5%
	3%

	MIMO specific processing blocks
	10%
	12%

	Other
	0%
	0%

	Total of Baseband
	100%
	100%


3 UE Complexity Reduction Features
In [1], the following complexity reduction features have been listed –
· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability  
In this section we will provide preliminary analysis for the above techniques.
3.1 Reduced number of UE RX antennas

Complexity reduction
Reducing the number of Rx antennas can result in a large complexity reduction as each RF chain constitutes a large percentage of the RF and baseband cost. Table 3 shows the relative complexity reduction estimates for reducing the number of Rx antennas. For the reference UE with 2Rx antennas, 31% relative complexity reduction can be achieved with reduction to 1 Rx antenna. For the reference UE with 4 Rx antenns, savings of 38% and 55% can be achieved with reduction to 2 and 1 Rx antennas, respectively. 
Table 3. Relative complexity reduction estimation from reducing the number of Rx antennas.
	Functional block
(Ratio of RF to baseband cost 40:60)
	Complexity reduction

	
	2Rx → 1Rx
	4Rx → 2Rx
	4Rx → 1Rx

	Power amplifier
	0%
	0%
	0%

	Filters
	50%
	50%
	75%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	50%
	50%
	75%

	Duplexer / Switch
	0%
	0%
	0%

	Other
	0%
	0%
	0%

	Total of RF
	73%
	65%
	47%

	ADC / DAC 
	40%
	40%
	60%

	FFT/IFFT
	50%
	50%
	75%

	Post-FFT data buffering
	50%
	50%
	75%

	Receiver processing block
	50%
	50%
	75%

	LDPC decoding
	0%
	0%
	0%

	HARQ buffer
	0%
	0%
	0%

	DL control processing & decoder
	0%
	0%
	0%

	Synchronization / cell search block
	50%
	50%
	75%

	UL processing block
	0%
	0%
	0%

	MIMO specific processing blocks
	50%
	50%
	75%

	Other
	0%
	0%
	0%

	Total of Baseband
	66%
	60%
	43%

	Overall relative complexity reduction
	31%
	38%
	57%


Coverage Analysis
Reducing the number of Rx antennas can result in coverage loss for the UE in the downlink. Figure 1 shows link level performance for the PDSCH with reduced number of Rx antennas at the UE, while Table 4 summarizes PDSCH link-level performance loss at 10% BLER. For the reference UE with 2 Rx antennas, the loss is 4 dB. For the reference UE with 4 Rx antennas, the loss is 3.2 dB and 7.2 dB for reduction to 2 Rx and 1 Rx, respectively.
Table 4. PDSCH link level performance loss at 10% BLER.
	
	Rx antenna reduction

	
	2Rx → 1Rx
	4Rx → 2Rx
	4Rx → 1Rx

	Link level performance loss
	4.0 dB
	3.2 dB
	7.2 dB
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Figure 1. PDSCH link level performance – (a) 2.6 GHz carrier frequency, 100 MHz, 30 kHz SCS, (b) 700 MHz carrier frequency, 20 MHz, 15 kHz SCS.
Figure 2 illustrates PDCCH link-level performance (AL=16) with reduced number of Rx antennas. The performance loss for the PDCCH at 1% BLER is similar to that for the PDSCH at 10% BLER.
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Figure 2. PDCCH link performance.
From the simulation results, it is seen that there are substantial link-level loss when the number of Rx antennas is reduced. In general, when the reduction is by half (e.g. 4Rx→2Rx or 2Rx→1Rx), the loss may be acceptable as coverage compensation may be require 100% compensation. However, from 4Rx→1Rx, the loss of 7.2 dB will severely impact coverage.
Cell Spectral Efficiency Analysis
Reducing the number of Rx antennas can lead to capacity reduction as performance for the downlink channels will be worse. Figure 3 shows user throughput CDF, while Table 5 summarizes cell spectral efficiency reduction. Note that wideband scheduling was used in our simulations and only 1 user is assigned in each subframe. We also used full-buffer traffic model and SU-MIMO in the simulations.
Table 5. DL spectral efficiency reduction estimation from reducing the number of Rx antennas.
	Spectral Efficiency reduction
	Rx antenna reduction

	
	2Rx → 1Rx
	4Rx → 2Rx
	4Rx → 1Rx

	Sector
	23%
	41%
	53%

	Cell Edge
	33%
	39%
	60%
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Figure 3. Downlink user throughput CDF – (a) UMa scenario (100 MHz), (b) RMa scenario (20 MHz).

Power Consumption Analysis
Power consumption is reduced in both the RF and baseband as the number of receiver chains is reduced. However, performance for the downlink channels will be worse. This means that UE may have to spend longer time decoding the downlink channels. Reducing the number of Rx antennas can therefore increase the average power consumption.
RAN1 specification impact

The main impact to RAN1 specifications would be related to coverage compensation as RAN1 specifications can already support 1 or more Rx antennas. The degree of impact depends on the required coverage compensation and thus needs further analysis once link budget analysis is finalized. Figure 4 summarizes preliminary hardward link budget results from [5]. From the figure, it is seen that the PUSCH is the limiting channel. From RedCap perspective, there should not be an impact to uplink coverage. For the downlink, it looks like coverage compensation of around 2-3 dB would be needed for the PDSCH and PDCCH is going from 4Rx to 2Rx. For the PDSCH, coverage compensation of this magnitude is already possible via reducing the required cell edge data rate (either from using lower MCS level or from PDSCH slot aggregation). The PDCCH, however, would need some specification changes as AL=16 is already used in the link budget. Note that if the number of antenna is reduced from 4Rx to 1Rx, there is approximately 4dB additional loss. This loss is quite substantial and therefore it is not recommended to reduce the number of Rx antennas from 4Rx to 1Rx.
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Figure 4. Preliminary hardware link budget for Urban scenario.
Note that the hardware link budget in Figure 4 does not include coverage loss from reduced antenna efficiency due to small form factor. Additional specification support may be needed to compensate for this loss (which is limited to maximum of 3dB according to [1]). 
Observation 1: Reducing the number of Rx antennas in FR1 from 4Rx → 1Rx results in large coverage loss and large DL cell spectral efficiency loss, and therefore is not recommended.   
Observation 2: Reducing the number of Rx antennas in FR1 (4Rx → 2Rx or 2Rx → 1Rx, depending on the band) can result in large complexity reduction.

Observation 3: Reducing the number of Rx antennas can result in cell spectral efficiency loss and DL link-level performance loss. Power consumption will be worse. RAN1 specification impact would be related to the required coverage compensation.
3.2 UE Bandwidth Reduction
Complexity reduction
Reducing the UE RF bandwidth can result in significant complexity reduction with the complexity reduction proportional to the amount of bandwidth reduced. For FR1, it has been clarified in [1] that the lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem. Therefore, 20 MHz would be the smallest bandwidth for RedCap UE in FR1. At 20 MHz, the required peak data rates of 150 Mbps DL / 50 Mbps UL can be supported. In addition, all SSB and CORESET0 configurations can also be supported. Therefore, 20 MHz should be supported for FR1.
For FR2, the reference NR UE has 200 MHz bandwidth. From a peak data rate perspective, UE bandwidth of 20 MHz would be sufficient for FR2. However, a key objective is that Rel-15 SSB bandwidth should be reused and L1 changes minimized. Therefore, UE bandwidth of 50 or 100 MHz is to be considered for FR2 [3]. From a complexity reduction perspective, UE BW of 50 MHz is preferred. In FR2, the SSB requires 28.8 MHz and 57.6 MHz for 120 kHz and 240 kHz subcarrier spacings, respectively. Note that while the SSB can be as large as 57.6 MHz, the synchronization signal is contained in 30.5 MHz. Therefore, synchronization signal detection is possible with UE bandwidth of 50 MHz. Although the PBCH spans the entire 57.6 MHz, the UE can receive a portion of the PBCH (i.e. the PRBs within the 50 MHz). This would reduce the PBCH coverage somewhat (estimated to be around 0.6 dB). However, since generally the PBCH is not the limiting channel, this might not have an impact to actual cell coverage. In addition, CORESET0 configuration as large as 69.1 MHz may be configured in FR2. This would limit the choice of CORESET0 configurations if UE can only support 50 MHz. However, this limitation is not expected to have a significant impact to system performance. Therefore, 50 MHz should be supported for FR2.
Estimates of UE complexity reduction are shown in Table 6. For FR1, when the UE RF bandwidth is reduced from 100 MHz to 20 MHz, approximately 38% complexity reduction can be achieved. FR2, when the UE RF bandwidth is reduced from 200 MHz to 100 MHz and 50 MHz, approximately 23% and 32% complexity reduction can be achieved, respectively. 
Table 6. Relative complexity reduction estimation from reducing the RF bandwidth.
	Functional block
(Ratio of RF to baseband cost 40:60)
	Complexity reduction

	
	100 → 20 MHz

(FR1)
	200 → 100 MHz

(FR2)
	200 → 50 MHz (FR2)

	Power amplifier
	20%
	10%
	15%

	Filters
	0%
	0%
	0%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	20%
	10%
	15%

	Duplexer / Switch
	0%
	0%
	0%

	Other
	0%
	0%
	0%

	Total of RF
	86%
	93%
	90%

	ADC / DAC 
	80%
	45%
	60%

	FFT/IFFT
	88%
	50%
	75%

	Post-FFT data buffering
	80%
	50%
	75%

	Receiver processing block
	80%
	50%
	75%

	LDPC decoding
	56%
	35%
	45%

	HARQ buffer
	56%
	35%
	45%

	DL control processing & decoder
	0%
	0%
	0%

	Synchronization / cell search block
	0%
	0%
	0%

	UL processing block
	54%
	30%
	40%

	MIMO specific processing blocks
	0%
	0%
	0%

	Other
	0%
	0%
	0%

	Total of Baseband
	46%
	67%
	53%

	Overall relative complexity reduction
	38%
	23%
	32%


Coverage Analysis
Reducing the UE bandwidth may result in some coverage loss if existing broadcast signals cannot be transmitted within the reduced bandwidth. For instance, in eMTC, transmitting legacy SIB1 using 1.4MHz would have reduced the cell coverage substantially as SIB1 would have to be transmitted using much higher MCS level. However, for RedCap UE, the smallest bandwidth is expected to be 20 MHz for FR1 and 50 or 100 MHz for FR2. These bandwidths are expected to be sufficiently large to support all relevant downlink messages. 
In addition, coverage loss may result from reduced frequency diversity. Figure 5 shows the PDSCH performance for MCS0 using 273 PRBs (100 MHz BW) vs 51 PRBs (20 MHz BW). At the 10% BLER point, there is a loss of 0.5 dB due to reduced frequency diversity.
For the UL, reducing the UE bandwidth has no impact to coverage. This is because UEs in coverage-limited UEs are assigned very small number of PRBs in order to maximum the power spectral density and reduce impact to system spectral efficiency.
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Figure 5. PDSCH link level performance – 2.6 GHz carrier frequency, 100 MHz, 30 kHz SCS.
Cell Spectral Efficiency Analysis
Reducing the UE bandwidth may have some impact on the spectral efficiency due to loss in frequency selection scheduling gain. This loss, however, is dependent on the scheduling algorithm and also on the frequency range. This is because in FR2 and also for FR1 with wideband scheduling, generally only 1 user is scheduled per slot. In this case, the loss in spectral efficiency is expected to be minimal.
Power Consumption Analysis
Power consumption is likely to be reduced for bandwidth limited UE due to lower power consumption in the baseband unit. 
RAN1 specification impact

The main impact to RAN1 specifications would be related specification changes to support bandwidth limited UE. However, as noted in the SI, Rel-15 SSB bandwidth should be reused and L1 changes minimized. Therefore, RAN1 specification impact is expected to be small for FR1 as UE with 20 MHz can reuse all existing channels and configurations. For FR2, further study is needed for UE with 50 MHz bandwidth. This can depend on whether RedCap UE in FR2 is expected to support all SSB/CORESET0 configurations.
Observation 4: Reducing the UE RF bandwidth to 20 MHz in FR1 and 50 MHz in FR2 can result in large complexity reduction.

Observation 5: Reducing the UE RF bandwidth may result in small performance loss. Power consumption will improve. RAN1 specification impact is expected to be small for FR1 and needs furter study for FR2. 
3.3 Half-Duplex FDD
Complexity reduction
Half-duplex FDD is expected to provide moderate complexity reduction. The saving comes from using a switch instead of the duplexer and is shown to be on the order of 6% as shown in Table 7. Note that it may be possible to achieved additional complexity reduction in the baseband as some processing power and memory may be shared between uplink and downlink processing. However, that is not considered in our analysis. Note that HD-FDD is only applicable to FR1 as FDD bands are only in FR1.
Table 7. Relative complexity reduction estimation from half-duplex FDD.
	Functional block
(Ratio of RF to baseband cost 40:60)
	Half-Duplex FDD

	Power amplifier
	0%

	Filters
	0%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	0%

	Duplexer / Switch
	80%

	Other
	0%

	Total of RF
	84%

	ADC / DAC 
	0%

	FFT/IFFT
	0%

	Post-FFT data buffering
	0%

	Receiver processing block
	0%

	LDPC decoding
	0%

	HARQ buffer
	0%

	DL control processing & decoder
	0%

	Synchronization / cell search block
	0%

	UL processing block
	0%

	MIMO specific processing blocks
	0%

	Other
	0%

	Total of Baseband
	100%

	Overall relative complexity reduction
	6%


Coverage Analysis
Half-duplex FDD is not expected to reduce coverage. In fact, HD-FDD UE has smaller insertion loss (typically 1-2 dB improvement) since the duplexer is not there. There is a switching gap between DL and UL, which may increase the required SNR since not all symbols can be used. However, this loss is small compared to the gain from smaller insertion loss (i.e. better noise figure).
Cell Spectral Efficiency Analysis
Half-duplex FDD will reduce the possible peak throughput of the UE. The impact may not be so severe given the flexible frame structure in NR. In addition, from system capacity perspective, half-duplex FDD will have small impact to system capacity since the bandwidth can still be utilized by other UEs.
Power Consumption Analysis
Power consumption is likely to be reduced with half-duplex FDD as the insertion loss of the switch will be less than that of the duplexer. 
RAN1 specification impact

NR specifications can implicitly support deployment with half-duplex UEs. Small changes (e.g. related to switching time) may be needed in case of RedCap UEs. In [3], it was discussed whether switching time should be Type-A or Type-B in LTE. Type-B provide 1 subframe switching time, while for Type-A, a switching period is created by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. In our view, Type-A HD-FDD is more appropriate for RedCap UE based on the intended use cases compared to eMTC devices with Type-B HD-FDD support.
Observation 6: Half duplex FDD can result in moderate complexity reduction.

Observation 7: Half duplex FDD will result in reduced peak data rates but is not expected to reduce coverage or cell spectral efficiency. Power consumption will improve. RAN1 specification impact is expected to be small. 
3.4 Relaxed UE processing time
Complexity reduction
For relaxed UE processing time, we consider (N1, N2) in this analysis, and we use the values for UE Capability 1 as the baseline. Relaxing the UE processing time beyond what has been specified in Rel-15 can provide small complexity reduction on the order of 2% as shown in Table 8.
Table 8. Relative complexity reduction estimation from relaxed UE processing time.
	Functional block
(Ratio of RF to baseband cost 40:60)
	Relaxed UE processing time

	Power amplifier
	0%

	Filters
	0%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	0%

	Duplexer / Switch
	0%

	Other
	0%

	Total of RF
	100%

	ADC / DAC 
	0%

	FFT/IFFT
	0%

	Post-FFT data buffering
	0%

	Receiver processing block
	0%

	LDPC decoding
	20%

	HARQ buffer
	0%

	DL control processing & decoder
	0%

	Synchronization / cell search block
	0%

	UL processing block
	20%

	MIMO specific processing blocks
	0%

	Other
	0%

	Total of Baseband
	97%

	Overall relative complexity reduction
	2%


Coverage Analysis
Relaxing the UE processing time will not reduce coverage.
Cell Spectral Efficiency Analysis
Relaxing the UE processing time is not expected to reduce cell spectral efficiency.
Power Consumption Analysis
Relaxing the UE processing time may result in a small degradation in power consumption as the UE is expected to stay active longer.
RAN1 specification impact

NR specifications can support signaling of N1/N2 processing times. Introducing additional values for RedCap UE will have a small impact to RAN1 specification. 

Observation 8: Relaxing UE processing time (N1, N2) results in only small complexity reduction. Therefore, UE processing time should not be relaxed beyond UE processing capability 1.
Observation 9: Relaxing UE processing time is not expected to reduce coverage or cell spectral efficiency. There may be a small degradation in power consumption. RAN1 specification impact is expected to be small. 
3.5 Relaxed UE processing capability
From the analysis in [2], it is seen that techniques related to peak rate reduction (e.g. modulation restriction, TBS restriction, bandwidth limitation in the scheduler) provide the most complexity reduction. Other techniques such as reduced MIMO support do not provide substantial gain. Reducing the number of HARQ processes can also be considered. However, it is preferred to keep the existing number of HARQ processes to accommodate potential longer round-trip delay in some deployments (e.g. on non-terrestrial networks). Therefore, in this section we will consider only peak rate reduction techniques. 

3.5.1 Modulation restriction
Complexity reduction
One approach for peak rate reduction is through modulation restriction (e.g. 64-QAM in DL and 16-QAM in UL). In this case, complexity reduction can be achieved in both RF and baseband units. In the RF unit, savings are from PA (due to lower EVM requirements), and LO cost reduction. In the baseband unit, lower precision is needed for the ADC and lower complexity in the UL processing block. In addition, the lower data rates also provide savings in the LDPC decoder and HARQ buffer. It is seen that modulation restriction can provide moderate complexity reduction of around 6% as shown in Table 9.

Table 9. Relative complexity reduction estimation from modulation restriction (64-QAM DL/16-QAM UL).
	Functional block
(Ratio of RF to baseband cost 40:60)
	Modulation restriction

	Power amplifier
	5%

	Filters
	0%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	5%

	Duplexer / Switch
	0%

	Other
	0%

	Total of RF
	97%

	ADC / DAC 
	10%

	FFT/IFFT
	0%

	Post-FFT data buffering
	15%

	Receiver processing block
	0%

	LDPC decoding
	25%

	HARQ buffer
	25%

	DL control processing & decoder
	0%

	Synchronization / cell search block
	0%

	UL processing block
	10%

	MIMO specific processing blocks
	0%

	Other
	0%

	Total of Baseband
	92%

	Overall relative complexity reduction
	6%


Coverage Analysis
Modulation restriction will not impact coverage.
Cell Spectral Efficiency Analysis
Modulation restriction will reduce cell spectral efficiency. The degree of reduction would depend on the deployment scenario as 256-QAM in the DL and 64-QAM in the UL can only be enjoyed by UEs in very good channel conditions.
Power Consumption Analysis
Power consumption is likely to be reduced with modulation restriction, but the reduction is expected to be small. 
RAN1 specification impact

RAN1 specification impact is expected to be small (e.g. DCI optimization to remove unused states). 

Observation 10: Modulation restriction can result in moderate complexity reduction.

Observation 11: Modulation restriction will result in reduced peak data rates and cell spectral efficiency. Coverage is not expected to be affected. Power consumption will improve. RAN1 specification impact is expected to be small. 
3.5.2 Maximum TBS restriction
Complexity reduction
Another approach for peak rate reduction is through restrict the maximum transport block size. In this case, complexity reduction can be achieved in the LDPC decoding, HARQ buffer, and UL processing block. For our analysis, we assume the reference UE has peak data rates of 150 Mbps DL and 50 Mbps UL, while the RedCap UE has peak data rates of 10 Mbps DL and 5 Mbps UL. It is seen that modulation restriction can provide moderate complexity reduction of around 13% as shown in Table 10.

Table 10. Relative complexity reduction estimation from TBS restriction.
	Functional block
(Ratio of RF to baseband cost 40:60)
	TBS restriction

	Power amplifier
	0%

	Filters
	0%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	0%

	Duplexer / Switch
	0%

	Other
	0%

	Total of RF
	100%

	ADC / DAC 
	0%

	FFT/IFFT
	0%

	Post-FFT data buffering
	0%

	Receiver processing block
	0%

	LDPC decoding
	90%

	HARQ buffer
	90%

	DL control processing & decoder
	0%

	Synchronization / cell search block
	0%

	UL processing block
	80%

	MIMO specific processing blocks
	0%

	Other
	0%

	Total of Baseband
	78%

	Overall relative complexity reduction
	13%


Coverage Analysis
TBS restriction will not impact coverage.
Cell Spectral Efficiency Analysis
TBS restriction will reduce cell spectral efficiency.
Power Consumption Analysis
Power consumption may increase slightly for a UE with good SNR due to longer Tx/Rx times.
RAN1 specification impact

RAN1 specification impact is expected to be small. 

Observation 12: TBS restriction can result in moderate complexity reduction.

Observation 13: TBS restriction will result in reduced peak data rates and cell spectral efficiency. Coverage is not expected to be affected. Power consumption will improve. RAN1 specification impact is expected to be small.
4 Summary
Based on the analysis in Section 3, it is seen that BW reduction and Rx antenna reduction can offer large complexity reduction, while peak rate reduction and half-duplex can offer medium complexity reduction. Processing time relaxation, however, offers only marginal complexity reduction. Table 11 shows the estimated complexity reduction using a combination of features described in Section 3.
Table 11. Relative complexity reduction estimation.
	Features
	Estimated complexity reduction

	BW reduction + peak rate reduction (modulation restrictions)
	~45%

	BW reduction + Rx antenna reduction
	~55%

	BW reduction + Rx antenna reduction + peak rate reduction (TBS + modulation restrictions)
	~60%

	BW reduction + Rx antenna reduction + peak rate reduction (TBS + modulation restrictions) + HD-FDD
	~65%


Considering the requirements for RedCap UE, the following proposals are made –

Proposal 1: For FR1, a good starting point is to consider supporting two capability sets for RedCap UE – one for use cases with high data rates and one for use cases with low data rates.

Proposal 2: For FR1 capability set 1 (high data rate), support the following UE capabilities – 20 MHz RF BW, 1Tx-2Rx, and modulation restriction (64-QAM in DL, 16-QAM in UL).
Proposal 3: For FR1 capability set 2 (low data rate), support the following UE capabilities – 20 MHz RF BW, 1Tx-2Rx / 1Tx-1Rx (depending on the band), modulation restriction (64-QAM in DL, 16-QAM in UL), maximum TBS restriction, and HD-FDD (in FDD bands).
Proposal 4: For FR2, it is sufficient to support one capability set with the following UE capabilities – 50 MHz RF BW, 1Tx-2Rx, modulation restriction (16-QAM in UL), and maximum TBS restriction.
Table 12 provides the potential feature sets for reduced complexity UE. Two feature sets are listed for FR1 – one to address use cases with high peak data rates and one to address the remaining use cases. Estimated complexity reduction of 45% compared to a reference NR UE may be achieved for reduced capability set 1, and 65% for reduced capability set 2. For FR2, only one feature set may be needed as shown in Table 12.
Table 12. Potential feature sets for complexity reduction.
	FR
	Features
	BW
	Antenna configuration
	Peak data rates
	Use cases
	Estimated complexity reduction

	FR1
	Reduced capability feature set 1
	BW reduction + [Rx antenna reduction] + peak rate reduction (modulation restriction)
	20 MHz
	1Tx-2Rx
	150 Mbps DL

50 Mbps UL
	High-end wearables, 
High-end video
	~45-55%

	
	Reduced capability feature set 2
	BW reduction + Rx antenna reduction + peak rate reduction (TBS + modulation restrictions) + HD-FDD (in FDD bands)
	20 MHz
	1Tx-2Rx or
1Tx-1Rx (depending on band)
	10 Mbps DL

5 Mbps UL
	Wearables, video, industrial wireless sensors
	~60-65%

	FR2
	BW reduction + peak rate reduction (TBS + modulation restrictions)
	50 MHz
	1Tx-2Rx
	150 Mbps DL

50 Mbps UL
	All
	~50%


5 Conclusions

In this contribution, we consider reduced capability NR devices and make the following observations –
Observation 1: Reducing the number of Rx antennas in FR1 from 4Rx → 1Rx results in large coverage loss and large DL cell spectral efficiency loss, and therefore is not recommended.   
Observation 2: Reducing the number of Rx antennas in FR1 (4Rx → 2Rx or 2Rx → 1Rx, depending on the band) can result in large complexity reduction.

Observation 3: Reducing the number of Rx antennas can result in cell spectral efficiency loss and DL link-level performance loss. Power consumption will be worse. RAN1 specification impact would be related to the required coverage compensation.

Observation 4: Reducing the UE RF bandwidth to 20 MHz in FR1 and 50 MHz in FR2 can result in large complexity reduction.

Observation 5: Reducing the UE RF bandwidth may result in small performance loss. Power consumption will improve. RAN1 specification impact is expected to be small for FR1 and needs furter study for FR2.
Observation 6: Half duplex FDD can result in moderate complexity reduction.

Observation 7: Half duplex FDD will result in reduced peak data rates but is not expected to reduce coverage or cell spectral efficiency. Power consumption will improve. RAN1 specification impact is expected to be small.
Observation 8: Relaxing UE processing time (N1, N2) results in only small complexity reduction. Therefore, UE processing time should not be relaxed beyond UE processing capability 1.

Observation 9: Relaxing UE processing time is not expected to reduce coverage or cell spectral efficiency. There may be a small degradation in power consumption. RAN1 specification impact is expected to be small. 
Observation 10: Modulation restriction can result in moderate complexity reduction.

Observation 11: Modulation restriction will result in reduced peak data rates and cell spectral efficiency. Coverage is not expected to be affected. Power consumption will improve. RAN1 specification impact is expected to be small.
Observation 12: TBS restriction can result in moderate complexity reduction.

Observation 13: TBS restriction will result in reduced peak data rates and cell spectral efficiency. Coverage is not expected to be affected. Power consumption will improve. RAN1 specification impact is expected to be small.
Based on the observations we make the following proposals –

Proposal 1: For FR1, a good starting point is to consider supporting two capability sets for RedCap UE – one for use cases with high data rates and one for use cases with low data rates.

Proposal 2: For FR1 capability set 1 (high data rate), support the following UE capabilities – 20 MHz RF BW, 1Tx-2Rx, and modulation restriction (64-QAM in DL, 16-QAM in UL).
Proposal 3: For FR1 capability set 2 (low data rate), support the following UE capabilities – 20 MHz RF BW, 1Tx-2Rx / 1Tx-1Rx (depending on the band), modulation restriction (64-QAM in DL, 16-QAM in UL), maximum TBS restriction, and HD-FDD (in FDD bands).
Proposal 4: For FR2, it is sufficient to support one capability set with the following UE capabilities – 50 MHz RF BW, 1Tx-2Rx, modulation restriction (16-QAM in UL), and maximum TBS restriction.
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