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[bookmark: _Hlk525462591]In Rel-18, a study item on further UE complexity reduction has been agreed [1]. In RAN1#109-e, the following agreements were reached –
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 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
· 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
· 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 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

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


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
· For Options BW1,
· [bookmark: _Hlk110255192]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.

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.

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

In this contribution, we describe and evaluate potential complexity reduction techniques.
[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]UE Complexity Reduction Features
The following complexity reduction features have been agreed to be evaluated –
· BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL.
· BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· PR1: Relaxation of the constraint   for peak data rate reduction.
· PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
In this section, we analyze the features according to the following aspects –
· UE complexity reduction
· Performance impact
· Network deployment and coexistence impact
· Specification impact
[bookmark: _Ref101872539]BW1: DL/UL - 5 MHz RF/BB
In BW1, both RF and BB bandwidths are 5 MHz for all channels and signals. Note that the number of contiguous RBs are assumed to be 25 for 15 kHz SCS and 11 for 30 kHz SCS. In addition, the same option is used for DL/UL and for idle/inactive/connected mode.
UE Complexity reduction:
Reducing the UE RF bandwidth can result in significant complexity reduction with the complexity reduction proportional to the amount of bandwidth reduced. In this case, the complexity of ADC/DAC, FFT/IFFT, post-FFT data buffering, receiver processing block, LDPC decoding, DL control processing, HARQ buffer, and UL processing block can be reduced. Table 1 provides estimate complexity reduction estimates for various UE configurations. From the table, it can be seen that complexity reduction in the order of 19-22% is possible. As expected, the reduction is larger for UE with 2 Rx and also for HD-FDD UE.
[bookmark: _Ref110244467]Table 1. Complexity reduction estimates for BW1.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	BW1
	38.15%
	31.75%
	24.40%
	56.00%
	49.60%
	34.91%

	
	-18.5%
	-21.5%
	-18.7%
	-20.1%
	-22.1%
	-19.7%


Note that the analysis considered here did not take into account potential RF cost reduction for components suitable for 5 MHz UE, in particular for the power amplifier and RF transceiver. Note that RF reduction depends on the actual component cost and there is no consensus whether RF component cost can be reduced with BW reduction, in particular for the power amplifier and RF transceiver. If RF cost reduction is possible, it is estimated that additional 5-8% saving can be achieved.
Performance impact:
Coverage analysis
In our companion contribution [2], we provide coverage evaluations for the RedCap UE with reduced bandwidth. The coverage study includes broadcast channels and unicast channels. Broadcast channels are common to both legacy UEs and the RedCap UE with reduced bandwidth and therefore significant impact to reception of these channels for the UE with reduced bandwidth can present some new challenges. Thus, PBCH and SIB1 are listed among the channels that are mandatory for coverage evaluations.
The SSB includes the PSS, the SSS, and the PBCH. The structure of the SSB is shown in Figure 1. The PSS and the SSS comprise 127 subcarriers each. The PBCH is transmitted in the second, third, and fourth OFDM symbols of the SSB, occupying a maximum of 240 subcarriers. In the third OFDM symbol, the PBCH is mapped to 48 subcarriers on either side of the SSS with a small gap separating the SSS from the PBCH.
PSS
PBCH
SSS
127 subcarriers
240 subcarriers
0
47
56
182
192
239

[bookmark: _Ref101522548]Figure 1. SSB structure.
As seen above, the frequency span of the SSB is fixed in terms of the number of subcarriers. This means that the actual bandwidth depends on the subcarrier spacing (SCS). With 15 kHz SCS:
· PSS and SSS occupy 1.9 MHz;
· PBCH occupies 3.6 MHz.
With 30 kHz SCS:
· PSS and SSS occupy 3.81 MHz;
· PBCH occupies 7.2 MHz.
It is seen that at 15 kHz SCS, the SSB can be received by a UE with 5 MHz bandwidth. At 30 kHz SCS, however, while the PSS and SSS (with 3.81 MHz) can be received by a 5-MHz UE, the PBCH bandwidth (7.2 MHz) exceeds the UE bandwidth in all three symbols in which the PBCH is transmitted, as depicted in Figure 2. Therefore, a 5-MHz UE would not be able to receive the entire PBCH within its receive bandwidth. The UE may attempt to decode the PBCH by puncturing the REs outside its reception bandwidth. This degrades the decoding performance of PBCH and hence reduces its coverage. As shown by the coverage evaluations in [2], however, the reduction in PBCH coverage does not impact system coverage since the hardware link budget is still substantially higher than that of the limiting channel in the Urban TDD scenarios.
PSS
PBCH
SSS
3.81 MHz
7.2 MHz
5 MHz

[bookmark: _Ref101872818]Figure 2. SSB structure for 30 kHz SCS.
In RAN1 #109-e, it was agreed that a TBS of 1256 bits can be considered. Since this size is much smaller than the TBS considered for PDSCH in 20 MHz bandwidth, SIB1 coverage was not deemed to be problematic. For 20 MHz UE bandwidth, based on the current specifications, the maximum transmission bandwidth is 106 PRBs for 15 kHz SCS and 51 PRBs for 30 kHz SCS [2]. However, SIB1 transmission (assuming 1256 bits) for legacy UEs, while exceeding 5 MHz bandwidth, does not require the use of the maximum transmission bandwidth. Therefore, if SIB1 is transmitted using a bandwidth exceeding 5 MHz, then a UE with 5 MHz bandwidth would be able to receive only a portion of the SIB1 transmission, resulting in degradation in decoding performance. Alternatively, to support a UE with 5 MHz bandwidth with the legacy SIB1, SIB1 would need to be transmitted within the reduced bandwidth. For a channel bandwidth of 5 MHz, however, the transmission bandwidth is reduced: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS [2]. Therefore, transmission of SIB1 in the reduced number of PRBs requires an increase in the coding rate, which is expected to degrade SIB1 performance as shown in Figure 3. However, as shown by the coverage evaluations in [2], this does not impact overall system coverage.
[image: ]
[bookmark: _Ref111105711]Figure 3. PDSCH (SIB1) performance – 4.0 GHz, TBS = 1256 bits.
For the UE with 5 MHz bandwidth, the target DL and UL data rates are reduced in proportion to the bandwidth reduction. Thus, PDSCH and PUSCH can be supported with smaller allocations. However, performance loss results from reduced frequency diversity in these cases. For PDSCH, the performance loss directly translates into a coverage loss For PUSCH, transmission using fewer resources with the same transmit power increases the PSD, which yields a coverage improvement and the frequency diversity loss only partially offsets this improvement, resulting in an overall coverage gain.
In addition, due to the limitation on the CORESET size, the number of CCEs available for the PDCCH is limited (e.g. 6 CCEs for 15 kHz SCS and 3 CCEs for 30 kHz SCS). Alternatively, PDCCH transmission using a CORESET size that is larger than 5 MHz results in PDCCH decoding performance. Therefore, PDCCH suffers a coverage loss as shown in Figure 4. However, the results in [2] show that the PDCCH still has a link budget margin over the limiting channel in spite of the coverage degradation.
[image: ]
[bookmark: _Ref111104661]Figure 4. PDCCH performance – 2.6 GHz.
A few other channels, such as Msg2 and Msg3, are not impacted by the bandwidth reduction because a very small number of PRBs are required for their transmission.
	[image: ]
	[image: ]



[bookmark: _Ref111109663]Figure 5. Coverage comparison for 700 MHz.
Figure 5 illustrates coverage comparison results for 700 MHz. It can be seen that there is no coverage loss with BW1 option for 700 MHz. The same conclusion can be drawn for analysis done at 2.6 and 4.0 GHz. Full set of evaluation results can be found in [2].
Cell spectral efficiency analysis
Reducing the UE bandwidth may have some impact on the spectral efficiency due to loss in frequency selective scheduling gain and loss in frequency diversity. This loss, however, is dependent on the scheduling algorithm. The system-level simulations are conducted to evaluate cell spectral efficiency when the RedCap UE bandwidth is reduced to 5 MHz. Figure 6 shows that UE bandwidth reduction to 5 MHz in FR1 can decrease the UE throughput of downlink and uplink. For instance, the average user throughput is reduced from 4.5 Mbps to 1.6 Mbps when the RedCap UE’s bandwidth changes from 20 MHz to 5 MHz in the uplink case. Also, in Table 2, we observe that the spectral efficiency decreases as the UE bandwidth is reduced in both downlink and uplink cases. Therefore, reducing the bandwidth to 5 MHz will degrade UE throughput and spectral efficiency. 
[image: ][image: ]
[bookmark: _Ref101871245]Figure 6. System-level performance for downlink and uplink – 2.6 GHz carrier frequency, Full Buffer.
Also, in Table 2, we observe that the spectral efficiency decreases as the UE bandwidth is reduced in both downlink and uplink cases. Therefore, reducing the bandwidth to 5 MHz will degrade UE throughput and spectral efficiency. In this case, spectral efficiency loss of approximately 9-10% is observed for the cell, and 4-8% is observed for the cell edge.
[bookmark: _Ref101871259]Table 2. Spectral efficiency reduction estimation from reducing bandwidth from 20 MHz to 5 MHz.
	Spectral Efficiency Reduction
	Bandwidth reduction - 20 MHz → 5 MHz

	
	Sector SE
	Cell edge SE

	Downlink
	9.8%
	3.8%

	Uplink
	9.5%
	7.9%





Power consumption analysis
Reducing both the BW of the BB and/or RF can be expected in some scenarios, for certain types of traffic, to reduce the power consumption of the device by allowing the simplification of key RF and BB subsystems.  However, as has been already discussed, for certain signals/channels, e.g. the PBCH with SCS=30KHz, or SIB1, or PDSCH, due to reception time being lengthened in order to compensate for the limited BW and reduced frequency diversity gains, the power consumption saving may actually be negligible or even degraded.   Of the 3 BW reduction techniques under consideration, we expect BW3 to provide the best power consumption savings in most scenarios. 
None of the 3 techniques, being studied to reduce cost via the limitation of the peak data rate, PR1, PR2 and PR3, are expected to significantly reduce power consumption, given that the RF sub-systems are expected to be largely maintained unchanged.   

Previous studies into the relaxation of N1/N2 (PT1), suggest that the operating clock frequency and voltage can be reduced for certain UE implementations.  However, the power consumption gains possible from the lowering of these operating levels are likely to be offset by the device needing to operate for longer. Hence, we do not expect any significant power consumption gains from PT1.
The majority of power consumption savings from the relaxation of CSI measurements, come from the reduced antenna number.   Further relaxation of the CSI processing times (PT2), is expected to require significant RAN4 guidance given the potential impact on CSI measurement accuracy and like other techniques discussed here, may require more processing overall to maintain similar levels of accuracy. Hence, we also do not expect any significant power consumption gains from PT2.
Latency analysis
Reducing the bandwidth and therefore the peak data rates will increase latency for some UEs (typically those with good SNR). However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
No coexistence issue with legacy UEs is expected. However, as explained in the next section, some CORESET#0 configurations cannot be supported by Rel-18 RedCap UE and therefore new CORESET#0 may need to be defined. Subsequent to initial access, RedCap UEs can be configured to a BWP of appropriate size.
Specification impact:
There are two main areas where specification impact is foreseen – SSB and CORESET#0 support.
For SSB with 15 kHz SCS, the PSS/SSS spans 1.9 MHz while the PBCH spans 3.6 MHz. This is well within the 5MHz UE bandwidth. However, for 30 kHz SCS, the UE can still receive PSS/SSS (occupying 3.8 MHz) but not the full PBCH (occupying 7.2 MHz). This would have an impact as e.g. the UE would need to puncture the PBCH or additional PBCH transmission may be needed to compensate. 
For CORESET#0 transmission, the table below illustrates the bandwidth for various configurations. It can be seen that, for 15 kHz SCS, CORESET#0 size of 24 PRBs can be used. Coverage analysis from Rel-17 study shows that this configuration does not reduce coverage. For 30 kHz SCS, however, the smallest CORESET#0 configuration occupies 9.6 MHz. Thus specification change may be needed.
	
	24 PRBs
	48 PRBs
	96 PRBs

	15 kHz
	4.3 MHz
	9.6 MHz
	17.3 MHz

	30 kHz
	9.6 MHz
	17.3 MHz
	N/A



Since transmissions such as SIB1, paging, etc. can be scheduled within CORESET#0 bandwidth, it is feasible to use existing mechanism to keep those transmissions within the 5 MHz UE bandwidth. 
Based on the coverage evaluations discussed in [2], however, there is no need to specify coverage compensation for these channels.
BW2: DL/UL - 20 MHz RF, 5 MHz BB 
In BW2, the BB is limited 5 MHz for all channels and signals while the RF is kept at 20 MHz. While the resource allocation spans 5 MHz, this option allows the UE to quickly switch from one frequency location to another, and also for the different channels/signals to be located within different parts of the 20 MHz BWP. Note that the number of contiguous RBs are assumed to be 25 for 15 kHz SCS and 11 for 30 kHz SCS. In addition, the same option is used for DL/UL and for idle/inactive/connected mode.
UE Complexity reduction:
In this case, the baseband bandwidth of the PDSCH and PUSCH was limited to 5 MHz. Because there is no reduction in the RF, complexity of RF components, ADC/DAC, and FFT/IFFT remains unchanged. Table 3 provides estimate complexity reduction estimates for various UE configurations. From the table, it is seen that complexity reduction in the order of 17-20% is possible. This complexity reduction is similar to that provided by BW1 option as the only difference is in the ADC/DAC and FFT/IFFT which comprise a small fraction of the total BB cost.
[bookmark: _Ref110244767]Table 3. Complexity reduction estimates for BW2.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	BW2
	38.15%
	31.75%
	24.40%
	56.00%
	49.60%
	34.91%

	
	-17.0%
	-19.7%
	-17.6%
	-18.5%
	-20.4%
	-18.4%



Performance impact:
Coverage analysis
Coverage analysis is similar to that of BW1. Based on the coverage evaluations discussed in [2], there is no coverage issue with this option. 
For the PUSCH, reducing the bandwidth has no impact to coverage for the same target data rate. 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.
For the PDSCH, reducing the UE bandwidth may result in some coverage loss if existing broadcast signals cannot be transmitted within the reduced bandwidth. Based on the coverage evaluations for BW1, however, the coverage loss is small enough that system coverage is not affected.
Cell spectral efficiency analysis
The loss in spectral efficiency would be similar but smaller than those shown in Section 2.1. This is because if only the baseband is limited to 5 MHz, the UE can be scheduled anywhere within the 20 MHz BWP provided the total frequency allocation does not span beyond 5 MHz. In addition, when the BB bandwidth is reduced to 5 MHz while maintaining 20 MHz RF bandwidth, frequency hopping would also be possible, therefore reducing the impact from loss of frequency diversity and improving cell spectral efficiency.
Power consumption analysis
Power consumption may be reduced for bandwidth limited UE due to lower power consumption in the baseband unit. In this case, however, power consumption reduction may be small especially if the PDCCH continues to be operated using wider bandwidth. This of course depends on the traffic model. In case of infrequent data transmission/reception, power consumption may be dominated by control channel monitoring and measurements. In this case, power saving may be small if the PDCCH is not reduced in bandwidth.
Latency analysis
Reducing the bandwidth and therefore the peak data rates will increase latency for some UEs (typically those with good SNR). However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
No coexistence issue with Rel-17 RedCap and NR UEs is expected. Rel-18 RedCap UE can support the same channels and signals, and the 5 MHz baseband limitations may be implemented by the scheduler. In addition, Rel-18 RedCap UE may share the same BWP as Rel-17 RedCap UE (i.e. up to 20 MHz).
Specification impact:
RAN1 specification impact is expected to be the same as for option BW1.
BW3: PDSCH/PUSCH - 20 MHz RF, 5 MHz BB, other channels - 20 MHz RF/BB 
In BW3, the data channels (PDSCH and PUSCH) are limited to 5 MHz in the baseband (i.e. 5 MHz in contiguously assigned PRBs) while keeping the RF at 20 MHz. All the other channels can use 20 MHz RF + BB. In this case, there is no impact to SSB, CORESET#0 and PDCCH as they can continue to use the full 20 MHz available to Rel-17 RedCap UE. Note that the number of contiguous RBs are assumed to be 25 for 15 kHz SCS and 11 for 30 kHz SCS. In addition, the same option is used for DL/UL and for idle/inactive/connected mode.
UE Complexity reduction:
In this case, since there is no reduction in the RF, the complexity of RF components, ADC/DAC, FFT/IFFT remains unchanged. Components related to baseband processing of the data channels (e.g. received processing block, encoding/decoding, etc.) were reduced. Table 4 provides estimate complexity reduction estimates for various UE configurations. From the table, it can be seen that complexity reduction in the order of 13-17% is possible.
[bookmark: _Ref110246918]Table 4. Complexity reduction estimates for BW3.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	BW3
	38.86%
	32.46%
	24.75%
	57.12%
	50.72%
	35.48%

	
	-13.2%
	-15.2%
	-13.1%
	-15.5%
	-17.1%
	-15.0%



Performance impact:
Coverage analysis
Since there is no impact to the SSB, CORESET#0 and PDCCH, there is no impact to the performance of those channels.
For the PUSCH, reducing the 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.
For the PDSCH, reducing the UE bandwidth may result in some coverage loss if existing broadcast signals cannot be transmitted within the reduced bandwidth. Based on the coverage evaluations for BW1, however, the coverage loss is small enough (coverage is not degraded below that of the limiting channel) that system coverage is not affected.
Cell spectral efficiency analysis
The loss in spectral efficiency would be similar but smaller than those shown in Section 2.1. This is because if only the baseband of the data channels is limited to 5 MHz, the UE’s other channels can be scheduled anywhere within the 20 MHz BWP provided the total frequency allocation does not span beyond 5 MHz. Therefore, reducing the only data channel’s bandwidth will have less impact than other options such as reducing both RF and BB bandwidths or only BB bandwidth.
While this BW3 option allows the resource allocation of consecutive 25 PRBs, PR3 option (i.e., the maximum number of RBs is restricted) will enable UE to use distributed 25 PRBs where frequency diversity can be further improved. Therefore, PR3 can achieve a higher cell spectral efficiency than BW3.
Power consumption analysis
Power consumption may be reduced for bandwidth limited UE due to lower power consumption in the baseband unit. In this case, however, power consumption reduction may be small especially if the PDCCH continues to be operated using wider bandwidth. This of course depends on the traffic model. In case of infrequent data transmission/reception, power consumption may be dominated by control channel monitoring and measurements. In this case, power saving may be small if the PDCCH is not reduced in bandwidth.
Latency analysis
Reducing the bandwidth and therefore the peak data rates will increase latency for some UEs (typically those with good SNR). However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
No coexistence issue with Rel-17 RedCap and NR UEs is expected. Rel-18 RedCap UE can support the same channels and signals, and the 5 MHz baseband limitations may be implemented by the scheduler. In addition, Rel-18 RedCap UE may share the same BWP as Rel-17 RedCap UE (i.e. up to 20 MHz).
Specification impact:
RAN1 specification impact is expected to be minimal. For instance, the maximum number of PRBs that can be scheduled can be limited to fit within 5 MHz bandwidth. This could impact e.g. SIB1 transmission. However, our coverage analysis shows that there is no coverage issue with SIB1. The UE can be identified during Msg5 or early identification can be used (e.g. via Msg1 or Msg3). No dedicated BWP would be needed. During initial access, gNB restriction may be need until the UE capability is known.
Observations for BW reduction options
Based on the above discussion, the following observations can be drawn –
Observation 1: BW reduction options can provide substantial complexity reduction compared to Rel-17 RedCap UE – approximately 20% for BW1, 18% for BW2, and 15% for BW3.
Observation 2: At 30 kHz SCS, there is significant performance degradation for PBCH, PDCCH, and SIB1 for BW1/BW2 and for SIB1 for BW3. This is due to smaller number of available PRBs.
Observation 3: Based on our coverage analysis, there is no impact to coverage for BW1/BW2/BW3.
Observation 4: There is some system-level spectral effiency performance loss for RedCap UE with 5 MHz BW compared to UE with 20 MHz BW.
Observation 5: BW1/BW2/BW3 are expected to reduce UE power consumption with BW1 providing the most reduction.
Observation 6: Existing SSB configurations can be used with BW1/BW2/BW3.
Observation 7: Existing CORESET#0 configurations with 15 kHz SCS and 24 PRBs can be used for 5 MHz UE. There is no existing CORESET#0 configuration with 30 kHz SCS that can be used for BW1/BW2 .
Observation 8: RedCap UE supporting BW1/BW2/BW3 can coexist with legacy UEs.
Observation 9: Specification impact from BW1/BW2 include CORESET#0 configurations. Additional enhancements may be considered related to CORESET configuration, initial access (e.g. SIB1), random access, and early indication.
Observation 10: BW3 has minimal specification impact.
PR1: Constraint relaxation
For PR1, the objective is to relax this constraint in 36.306 –
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
The constraint can be relaxed to 1 instead of 4. This would target 10 Mbps peak data rate in the DL and UL. It is up to implementation how to select the parameters such that the relaxed constraint is achieved. As agreed in RAN1#109-e, PR2 applies to both unicast and broadcast channels. Furthermore, the UE bandwidth and resource allocation spans 20 MHz, and the same option is used for DL/UL and idle/inactive/connected mode.
UE Complexity reduction:
In this analysis, we use 1 layer, maximum modulation of 64-QAM, and select the scaling factor such that the peak data rates are 10/5 Mbps for DL/UL and  is 1. Table 5 provides estimate complexity reduction estimates for various UE configurations. From the table, it can be seen that complexity reduction in the order of 7-9% is possible.
[bookmark: _Ref110248978]Table 5. Complexity reduction estimates for PR1.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	PR1
	43.35%
	36.95%
	27.64%
	64.90%
	58.50%
	40.33%

	
	-7.4%
	-8.6%
	-7.9%
	-7.4%
	-8.1%
	-7.3%



Performance impact:
Coverage analysis
Peak rate reduction options do not have an impact to coverage. 
Cell spectral efficiency analysis
PR1 is not expected to have an impact to cell spectral efficiency beyond the impact of reducing the peak data rates to 10 Mbps for DL/UL.
Power consumption analysis
Power consumption may increase slightly for a UE with good SNR (i.e. UE capable of data rate beyond 10 Mbps) due to longer Tx/Rx times. It is, however, not expected to impact overall power consumption significantly.
Latency analysis
Reducing the peak data rates will increase latency for some UEs (typically those with good SNR). However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
The maximum SIB1 or SI message size is 2976 bits which is well below the limit of 10 Mbps peak data rate. Other messages used during random access and paging procedures are even smaller. Therefore, PR1 option does not have an impact to coexistence and network deployment.
Specification impact:
PR1 is not expected to have an impact to RAN1 specification. In RAN2 36.306, the component  would be 1 or smaller for Rel-18 RedCap UE.
PR2: Maximum TBS restriction
For PR2, the maximum transport block size would be restricted to –
· 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.
Note that, the Rel-17 reference UE has peak data rates of 89 Mbps DL and 91 Mbps UL for 20 MHz FDD UE. As agreed in RAN1#109-e, PR2 applies to both unicast and broadcast channels. Furthermore, the UE bandwidth and resource allocation spans 20 MHz, and the same option is used for DL/UL and idle/inactive/connected mode.
UE Complexity reduction:
In this case, complexity reduction can be achieved in the LDPC decoding, HARQ buffer, and UL processing block. Table 6 provides estimate complexity reduction estimates for various UE configurations. From the table, it can be seen that complexity reduction in the order of 7-9% is possible.
[bookmark: _Ref110249647]Table 6. Complexity reduction estimates for PR2.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	PR2
	43.35%
	36.95%
	27.64%
	64.90%
	58.50%
	40.33%

	
	-7.4%
	-8.6%
	-7.9%
	-7.4%
	-8.1%
	-7.3%



Performance impact:
Coverage analysis
Peak rate reduction options do not have an impact to coverage. 
Cell spectral efficiency analysis
PR2 is not expected to have an impact to cell spectral efficiency beyond the impact of reducing the peak data rates to 10 Mbps for DL/UL.
Power consumption analysis
Power consumption may increase slightly for a UE with good SNR (i.e. UE capable of data rate beyond 10 Mbps) due to longer Tx/Rx times. It is, however, not expected to impact overall power consumption significantly. 
Latency analysis
Reducing the peak data rates will increase latency for some UEs (typically those with good SNR). However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
The maximum SIB1 or SI message size is 2976 bits which is well below the limit of 10000/5000 bits for 15/30 kHz SCS. Other messages used during random access and paging procedures are even smaller. Therefore, PR2 option does not have an impact to coexistence and network deployment.
Specification impact:
PR2 is expected to have a minor impact to RAN1 specification by restricting the maximum TBS for the UE (e.g. 10000 bits for 15 kHz SCS and 5000 bits for 30 kHz SCS).
Note that, when compared to PR1, the complexity reduction estimates are the same for PR1 and PR2. However, TBS restriction is preferred as the specification impact for PR2 is clear while PR1 would rely on the scheduler to manage the three components. 
Based on the above discussion, the following observations can be drawn –
PR3: Maximum PRB restriction
For PR3, the maximum number of scheduled resource blocks for PDSCH/PUSCH would be restricted to –
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
Note that other number of PRBs that meet the 10-Mbps peak rate target can optionally be studied. As agreed in RAN1#109-e, PR2 applies to both unicast and broadcast channels. Furthermore, the UE bandwidth and resource allocation spans 20 MHz, and the same option is used for DL/UL and idle/inactive/connected mode.
UE Complexity reduction:
In this case, complexity reduction can be achieved in the LDPC decoding, HARQ buffer, and UL processing block. Table 7 provides estimate complexity reduction estimates for various UE configurations. From the table, it can be seen that complexity reduction in the order of 13-16% is possible.
[bookmark: _Ref110250217]Table 7. Complexity reduction estimates for PR3.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	PR3
	40.98%
	34.58%
	26.26%
	59.88%
	53.48%
	37.31%

	
	-12.5%
	-14.5%
	-12.5%
	-14.6%
	-16.0%
	-14.2%



Note that, when compared to PR1 and PR2, PR3 has better saving. This is due to the reduction in the receiver processing block. 
Performance impact:
Coverage analysis
Based on the coverage evaluations for BW1 discussed in [2], the maximum PRB restriction on PDSCH is expected to result in some coverage loss. However, the loss is expected to be small enough (coverage not degraded below that of the limiting channel) that system coverage is not affected.
Cell spectral efficiency analysis
PR3 is not expected to have an impact to cell spectral efficiency beyond the impact of reducing the peak data rates to 10 Mbps for DL/UL.
Power consumption analysis
Power consumption may increase slightly for a UE with good SNR (i.e. UE capable of data rate beyond 10 Mbps) due to longer Tx/Rx times. It is, however, not expected to impact overall power consumption significantly. 
Latency analysis
Reducing the peak data rates will increase latency for some UEs (typically those with good SNR). However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
The maximum SIB1 or SI message size is 2976 bits which must be transmitted within 25/11 PRBs for 15/30 kHz. Other messages used during random access and paging procedures are much smaller and generally not a concern. Coverage evaluations in [2] indicate that for SIB1 with a typical size of 1256 bits, there is a coverage loss but not enough to degrade the coverage below that of the limiting channel.
Specification impact:
PR3 is expected to have a minor impact to RAN1 specification by restricting the maximum of scheduled PRBs for the UE (e.g. 25 bits for 15 kHz SCS and 11 bits for 30 kHz SCS).
Observations for PR reduction options
Based on the above discussion, the following observations can be drawn –
Observation 11: PR1/PR2 provide complexity reduction of around 8% compared to Rel-17 RedCap UE, while PR3 can provide 14% complexity reduction. For PR1/PR2, this is substantially lower than BW reduction options.
Observation 12: There is no impact to coverage, network deployment, and coexistence for PR1/PR2/PR3. There are small impacts to cell spectral efficiency, power consumption, and latency.
Observation 13: PR1/PR2/PR3 has minimal specification impact.
Relaxed UE processing time
In Rel-17 study, it was agreed to consider both (N1,N2) relaxation and CSI computation relaxation. In both cases, a relaxation factor of 2 is studied. The cases are summarized below –
· PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
· N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS
· PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
In addition, the combination of PT1 and PT2 is also studied..
UE Complexity reduction:
Table 8 illustrates the standalone complexity saving for PT1 and PT2 with respect to the Rel-15 reference NR UE. From the table, it is seen that the savings are small (2-4%).
[bookmark: _Ref110254260]Table 8. Complexity reduction estimates for PT1 and PT2.
	 
	FD-FDD
	TDD

	PT1
	96.25%
	96.55%

	PT2
	98.56%
	98.46%



Note that in RAN1#109-e, it was agreed that UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction. These combination results are shown in full in Table 10 and Table 11. As expected, the additional savings from introducing PT1 and PT2 are small. For example, consider PT1 and PT2 in combination with BW1 as shown in Table 9. For FD-FDD UE with 1Rx, BW1 provides 18.5% saving. When PT1 is included, the saving increases to only 19.2%. When both PT1 and PT2 are considered, the saving increases to 20.1%. When considered in combinations, these savings are quite small.

[bookmark: _Ref110254638]Table 9. Complexity reduction estimates for combinations of BW1, PT1, and PT2.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	BW1
	38.15%
	31.75%
	24.40%
	56.00%
	49.60%
	34.91%

	
	-18.5%
	-21.5%
	-18.7%
	-20.1%
	-22.1%
	-19.7%

	BW1 + PT1
	37.82%
	31.42%
	24.17%
	55.49%
	49.09%
	34.60%

	
	-19.2%
	-22.3%
	-19.5%
	-20.8%
	-22.9%
	-20.5%

	BW1 + PT1 + PT2
	37.40%
	31.00%
	23.93%
	54.73%
	48.33%
	34.18%

	
	-20.1%
	-23.3%
	-20.3%
	-21.9%
	-24.1%
	-21.4%



Performance impact:
Coverage analysis
Relaxing the UE processing times is not expected to reduce coverage.
Cell spectral efficiency analysis
Relaxing the UE processing times is not expected to reduce cell spectral efficiency.
Power consumption analysis
Relaxing the UE processing times is not expected to reduce power consumption meaningfully. The UE may need to be active longer but this should have only small impact to power consumption.
Latency analysis
Relaxing the UE processing times will increase the latency. Without retransmission, latency increase of up to 1 subframe may be incurred. The increase is larger with HARQ retransmission. In this case, latency increase of up to 2 subframes may be incurred. However, it is expected that the latency considered in Rel-17 RedCap (i.e. end-to-end latency less than 100 ms for industrial sensor and 5-10ms for safety related sensors) can still be met.
Network deployment and coexistence impact:
Relaxing (N1,N2) will have an impact to legacy UEs unless such UE can be identified in Msg1 during random access procedure. This is because the timing between RAR grant and Msg3 depends on N1 and N2 values. Therefore the network would have to schedule all UEs using longer (N1,N2) requirements until the UE capability is known. In addition, the scheduler must now take into account the additional UE processing times. Furthermore, in case of large relaxation, same slot scheduling may no longer be possible. This can increase the scheduler complexity and flexibility.
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. In this case, a new UE processing capability would need to be defined (38.214). If relaxed CSI processing times are also introduced, then new requirements would need to be defined (38.214).
Based on the above discussion, the following observations can be drawn –
Observation 14: PT1/PT2 provide small complexity reduction of around 2-4% when considered in isolation. In combination with BW or PR reduction options, the reduction is even smaller (less than 2%).
Observation 15: PT1/PT2 have negative impact on latency.
Observation 16: PT1/PT2 have small specification impact.
Observation 17: PT1/PT2 have significant impact to scheduler complexity and flexbility.
UE Complexity Reduction Feature Combination
In RAN1#109-e, the following combinations were agreed to be evaluated –
· 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
Table 10 – Table 11 provide UE complexity reduction estimates using the cost break down in Table 6.1-1 in TR 38.875 based on the reference Rel-15 NR UE. As agreed in RAN1#109-e for evaluation purposes, the Rel-17 RedCap reference UE the following complexity reduction features - 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
[bookmark: _Ref110244972]Table 10. UE complexity reduction estimates.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	46.82%
	40.42%
	30.02%
	70.08%
	63.68%
	43.50%

	BW1
	38.15%
	31.75%
	24.40%
	56.00%
	49.60%
	34.91%

	BW2
	38.86%
	32.46%
	24.75%
	57.12%
	50.72%
	35.48%

	BW3
	40.66%
	34.26%
	26.10%
	59.22%
	52.82%
	36.98%

	PR1
	43.35%
	36.95%
	27.64%
	64.90%
	58.50%
	40.33%

	PR2
	43.35%
	36.95%
	27.64%
	64.90%
	58.50%
	40.33%

	PR3
	40.98%
	34.58%
	26.26%
	59.88%
	53.48%
	37.31%

	BW1 + PT1
	37.82%
	31.42%
	24.17%
	55.49%
	49.09%
	34.60%

	BW1 + PT1 + PT2
	37.40%
	31.00%
	23.93%
	54.73%
	48.33%
	34.18%

	BW2 + PT1 + PT2
	38.12%
	31.72%
	24.28%
	55.85%
	49.45%
	34.75%

	BW3 + PT1
	40.33%
	33.93%
	25.87%
	58.71%
	52.31%
	36.67%

	BW3 + PT1 + PT2
	39.86%
	33.46%
	25.58%
	57.89%
	51.49%
	36.21%

	PR1 + PT1
	43.17%
	36.77%
	27.51%
	64.65%
	58.25%
	40.16%

	PR1 + PT1 + PT2
	42.58%
	36.18%
	27.16%
	63.59%
	57.19%
	39.56%

	PR2 + PT1 + PT2
	42.58%
	36.18%
	27.16%
	63.59%
	57.19%
	39.56%

	PR3 + PT1
	40.65%
	34.25%
	26.03%
	59.37%
	52.97%
	37.00%

	PR3 + PT1 + PT2
	40.17%
	33.77%
	25.74%
	58.55%
	52.15%
	36.54%




[bookmark: _Ref110244974]Table 11. UE complexity reduction estimates compared to reference Rel-17 RedCap UE.
	 
	FD-FDD 1Rx
	HD-FDD 1Rx
	TDD 1Rx
	FD-FDD 2Rx
	HD-FDD 2Rx
	TDD 2Rx

	Rel-17 RedCap ref
	-
	-
	-
	-
	-
	-

	BW1
	-18.5%
	-21.5%
	-18.7%
	-20.1%
	-22.1%
	-19.7%

	BW2
	-17.0%
	-19.7%
	-17.6%
	-18.5%
	-20.4%
	-18.4%

	BW3
	-13.2%
	-15.2%
	-13.1%
	-15.5%
	-17.1%
	-15.0%

	PR1
	-7.4%
	-8.6%
	-7.9%
	-7.4%
	-8.1%
	-7.3%

	PR2
	-7.4%
	-8.6%
	-7.9%
	-7.4%
	-8.1%
	-7.3%

	PR3
	-12.5%
	-14.5%
	-12.5%
	-14.6%
	-16.0%
	-14.2%

	BW1 + PT1
	-19.2%
	-22.3%
	-19.5%
	-20.8%
	-22.9%
	-20.5%

	BW1 + PT1 + PT2
	-20.1%
	-23.3%
	-20.3%
	-21.9%
	-24.1%
	-21.4%

	BW2 + PT1 + PT2
	-18.6%
	-21.5%
	-19.1%
	-20.3%
	-22.3%
	-20.1%

	BW3 + PT1
	-13.9%
	-16.1%
	-13.8%
	-16.2%
	-17.9%
	-15.7%

	BW3 + PT1 + PT2
	-14.9%
	-17.2%
	-14.8%
	-17.4%
	-19.1%
	-16.8%

	PR1 + PT1
	-7.8%
	-9.0%
	-8.4%
	-7.8%
	-8.5%
	-7.7%

	PR1 + PT1 + PT2
	-9.1%
	-10.5%
	-9.5%
	-9.3%
	-10.2%
	-9.0%

	PR2 + PT1 + PT2
	-9.1%
	-10.5%
	-9.5%
	-9.3%
	-10.2%
	-9.0%

	PR3 + PT1
	-13.2%
	-15.3%
	-13.3%
	-15.3%
	-16.8%
	-14.9%

	PR3 + PT1 + PT2
	-14.2%
	-16.5%
	-14.3%
	-16.5%
	-18.1%
	-16.0%


Several observations may be made from Table 10 – Table 11.
Observation 18: Complexity reduction of PT1/PT2 in combination with BW or PR option is very small (less than 2%).
Conclusions
In this contribution, we consider further reduced capability NR devices and make the following observations –
Observation 1: BW reduction options can provide substantial complexity reduction compared to Rel-17 RedCap UE – approximately 20% for BW1, 18% for BW2, and 15% for BW3.
Observation 2: At 30 kHz SCS, there is significant performance degradation for PBCH, PDCCH, and SIB1 for BW1/BW2 and for SIB1 for BW3. This is due to smaller number of available PRBs.
Observation 3: Based on our coverage analysis, there is no impact to coverage for BW1/BW2/BW3.
Observation 4: There is some system-level spectral effiency performance loss for RedCap UE with 5 MHz BW compared to UE with 20 MHz BW.
Observation 5: BW1/BW2/BW3 are expected to reduce UE power consumption with BW1 providing the most reduction.
Observation 6: Existing SSB configurations can be used with BW1/BW2/BW3.
Observation 7: Existing CORESET#0 configurations with 15 kHz SCS and 24 PRBs can be used for 5 MHz UE. There is no existing CORESET#0 configuration with 30 kHz SCS that can be used for BW1/BW2 .
Observation 8: RedCap UE supporting BW1/BW2/BW3 can coexist with legacy UEs.
Observation 9: Specification impact from BW1/BW2 include CORESET#0 configurations. Additional enhancements may be considered related to CORESET configuration, initial access (e.g. SIB1), random access, and early indication.
Observation 10: BW3 has minimal specification impact.Observation 18: Complexity reduction of PT1/PT2 in combination with BW or PR option is very small (less than 2%).
Observation 11: PR1/PR2 provide complexity reduction of around 8% compared to Rel-17 RedCap UE, while PR3 can provide 14% complexity reduction. For PR1/PR2, this is substantially lower than BW reduction options.
Observation 12: There is no impact to coverage, network deployment, and coexistence for PR1/PR2/PR3. There are small impacts to cell spectral efficiency, power consumption, and latency.
Observation 13: PR1/PR2/PR3 has minimal specification impact.
Observation 14: PT1/PT2 provide small complexity reduction of around 2-4% when considered in isolation. In combination with BW or PR reduction options, the reduction is even smaller (less than 2%).
Observation 15: PT1/PT2 have negative impact on latency.
Observation 16: PT1/PT2 have small specification impact.
Observation 17: PT1/PT2 have significant impact to scheduler complexity and flexbility.
Observation 18: Complexity reduction of PT1/PT2 in combination with BW or PR option is very small (less than 2%).
Based on the above observations, we make the following proposals –
Proposal 1: RAN1 adopts BW1 or BW3/PR3 option for further RedCap UE complexity reduction
Proposal 2: Processing time relaxation techniques are not considered in Rel-18.
References
[1] [bookmark: _Ref3999986]RP-213661, “New SID on Study on further NR RedCap UE complexity reduction,” Ericsson, RAN#94e, Electronic Meeting.
[2] [bookmark: _Ref111044486][bookmark: _Ref101539942]R1-2206444, “Evaluation of coverage impact,” Nokia, Nokia Shanghai Bell, RAN1 #110, Toulouse, France.
[3] R1-2205435, “FL summary #4 on potential solutions to further reduce RedCap UE complexity	,” Moderator (Ericsson), RAN1#109e, Electronic Meeting.
[4] R1-2205643, “FL summary #6 on simulation needs and assumptions for further reduce UE complexity,” Moderator (NTT DOCOMO, INC.), RAN1#109e, Electronic Meeting.
[5] R1-2204038, “Further UE Complexity Reduction,” Nokia, Nokia Shanghai Bell, RAN1#109e, Electronic Meeting.
[6] R1-2204039, “Evaluation assumptions for further complexity reduction,” Nokia, Nokia Shanghai Bell, RAN1#109e, Electronic Meeting.
image1.png
v
Layers




image2.png
)




image3.png
£




image4.png
BLER

10

, PDSCH, 4.0GHz, 2Tx-1Rx, 30 kHz SCS, TBS=1256 bits

[—6—Rei7 - MC50, 44 PRBs
[——8w1-MCs7, 10 PRES

SNR

10 15





image5.png
BLER

10t

103

[—6—2TxaRx ALL6 48PRBS
|—>— 2Tx1Rx ALL6 48PRBS

|—&— 2Tx1Rx ALS 24PRBS
[~ 2Tx1Rx AL4 12 PRBS
| —=—2Tx1Rx AL2 6PRBS

15

10

5

0 5 10
SNR (dB)





image6.png
165.00

160.00

155.00

150.00

145.00

140.00

135.00

130.00

Rel-17 RedCap UE

156.22

156.32 156.82 156.82

153.52 153.42 153.32

143.90
141.59 I

PBCH

SIB1

PDSCH Msg4 Msg2 PDCCH PDCCH PUSCH Msg3
Ccss uss





image7.png
165.00

160.00

155.00

150.00

145.00

140.00

135.00

130.00

Rel-18 eRedCap UE

156.22 156.32

153.42 45787

I 14912 149.42 150|72 150.52 |

i

PBCH SIB1(1) SIB1(2) SIB1(3) PDSCH Msg4  Msg2

PDCCH PDCCH PDCCH PUSCH  Msg3
Css(1) C€ss(2)  UsS





image8.emf

image9.emf

