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1 Introduction
During RAN1#109-e meeting, the following agreements on the study of potential complexity reduction solutions for further UE complexity reduction 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  [image: image2.png]£
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 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,

· 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: image3.png]v
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) [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 will focus on potential solutions to further complexity reduction and share our consideration.  
2 Discussion 
2.1 Further UE bandwidth reduction

During last meeting, 3 candidate bandwidth reductions were agreed as follows. In this section, we will analyse these three options from the aspect of cost, transmission performance, coverage, power and standardization impact one by one 
· Option 1: Bandwidth reduction in both baseband the RF

As shown in the in Fig.1, for each channel / signal of eRedCap, the assigned frequency resource is within 5MHz. At the same time, the frequency span of all the transmitted channel/ signals would be restricted within 5MHz as well. 
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Figure 1 Example of Option 1
Impact on cost reduction: Generally, the cost reduction in following components is expected compared with Rel-17 reference RedCap UEs 
· Post-FFT data buffering

· Receiver processing block

· LDPC decoding

· HARQ buffer

· UL processing block 

· ADC / DAC

· FFT/IFFT  

The detailed cost reduction analysis of Option BW1 of bandwidth are summarized in Table.1 and Table.2 for FDD and TDD, respectively. Compared with Rel-17 reference RedCap, there are around 9% and 8% cost reduction for FDD and TDD, respectively. 

Transmission performance: With the reduction of bandwidth the frequency diversity gain or frequency selective gain is expected to be degraded for data transmission. As observed in our companion contribution [1], there are about 2 dB loss @10% BLER in frequency selective gain when the bandwidth is reduced from 20MHz to 5MHz. For the SSB transmission, when SCS of 30kHz is used, the occupied frequency is up to 7.2MHz, in this case, eRedCap can only receive part of the SSB, which would degrade the performance of SSB reception greatly. The performance loss is up to 4 dB@1% BLER, depending on the received part of the SSB. For the PDCCH transmission, high aggregation level (e.g., 16 CCEs) can’t be supported, which would also degrade the PDCCH coverage. As for the latency, due to limited TBS for each transmission, it is expected to become larger than that of RedCap. 

Power consumption: From the aspect of bandwidth reduction in both baseband and RF, the power consumption is expected to be reduced. While, on the other hand, the active time would be prolonged due to reduced TBS, which would increase the power consumption. In addition, reduced RF bandwidth would incur more frequency RF retuning, which would further increase the power consumption. 

Standardization impact: For Rel-17 RedCap reduction, the bandwidth occupied by PBCH, PRACH, CORESET#0, SIB, initial DL BWP, PDCCH would be larger than 5MHz, then potential new design on these channels would be required. In addition, with potential change of SSB, the cell search procedure would be impacted as well. As for the resource allocation, the assigned BWP is not expected larger than 5MHz. 

· Option 2:Basebased Bandwidth reduction for all channels and the RF bandwidth is the same as R17 RedCap 
As shown in the in Fig.2, for each channel / signal of eRedCap, the assigned frequency resource is within 5MHz. Different from Option 1, the frequency span of all the channel/signal for eRedCap can be up to 20MHz, which is the same as RedCap. 
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Figure 2 Example of Option 2
Impact on cost reduction: Compared with option 1, there is no cost reduction on the ADC / DAC and FFT/IFFT.   The cost reduction is expected for the following processing modules 

· Post-FFT data buffering
· Receiver processing block
· LDPC decoding
· HARQ buffer
· UL processing block 
The detailed cost reduction analysis of the Option BW1 are summarized in Table.1 and Table.2 for FDD and TDD, respectively. Compared with Rel-17 reference RedCap UE, there are around 7.2% and 6.7% cost reduction for FDD and TDD, respectively. 

Coverage: Since the RF bandwidth is the same as RedCap, then the frequency diversity gain and frequency selective gain is expected to be the same with that of RedCap.  For the SSB transmission, similar with the situation in option 1, degradation on the reception performance is expected. In addition, the coverage loss for PDCCH is expected as well. As for the latency, due to limited TBS for each transmission, it is expected to become larger than that of RedCap. 

Power consumption: From the aspect of bandwidth reduction in baseline, the power consumption is expected to be reduced. While, on the other hand, the active time would be prolonged due to reduced TBS, which would increase the power consumption. Compared with option 1, less RF retuning is expected and the power consumption due to RF retuning is expected to be reduced. 

Standardization impact: Different from option 1, the BWP can still be configured with up to 20MHz in FR1 and the initial DL BWP can be reused. While due to the restriction on the assigned frequency resource for PBCH, PRACH, CORESET#0, SIB and PDCCH, then potential new design on these channels would be required. In addition, with potential change of SSB, the cell search procedure would be impact as well. As for the resource allocation, the assigned resource is data, control channel, SSB and RS is not expected larger than 5MHz. 

· Option3:Basebased bandwidth is reduced only for data channel and the RF bandwidth is the same as R17 RedCap 

As shown in the in Fig.3, only the baseband bandwidth of data channel is restricted within 5MHz. For other channels, there is no bandwidth reduction compared with RedCap. At the same time, the frequency span of all the transmitted channel/ signals is within 20MHz.
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Figure 3 Example of Option.3
Impact on cost reduction: Since only the baseband bandwidth of data channel is reduced, then only the model related to data processing will be impacted. 

· Post-FFT data buffering
· Receiver processing block
· LDPC decoding

· HARQ buffer
· UL processing block
The detailed cost reduction analysis of the Option BW3 are summarized in Table.1 and Table.2 for FDD and TDD, respectively. Compared with Rel-17 reference RedCap UE, there are around 7.2% and 6.7% cost reduction for FDD and TDD, respectively. 

Transmission performance: Due to limited TBS for each transmission, the latency would become higher, especially for large packet size. 

Power consumption: Compared with option 1, option 2 and option 3, the power saving from the bandwidth reduction is expected to be lower. 

Standardization impact:  the standardization impact is expected much smaller than option 1, option2 and option 3. Some impact on the resource allocation for data channel is foreseen. 

Among all the 3 options, option 1 and option 2 achieve slightly better gain in the cost reduction. Compared with Rel-17 reference RedCap UEs, the difference in cost reduction gain is 1% and 2% among three options.  While on the other hand, the standardization impact of option 1 and option 2 is significant. Considering quit limited gain achieved in option 1 and option 2 and significant negative impact, we propose to preclude option 1 and option 2 in the future WI. 

Proposal 1: Don’t support Option BW1 and Option BW2. 

Table 1 Detailed cost analysis for bandwidth reduction options in FDD systems
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RF: Power amplifier 25.00% 25.00% 25.00% 25.00% 25.00%

RF: Filters 10.00% 5.00% 5.00% 5.00% 5.00%

RF: Transceiver (including LNAs, mixer, and local oscillator) 45.00% 21.50% 21.50% 21.50% 21.50%

RF: Duplexer / Switch 20.00% 20.00% 20.00% 20.00% 20.00%

RF: Total 100.00% 71.50% 71.50% 71.50% 71.50%

BB: ADC / DAC 10.00% 0.23% 0.90% 0.90% 0.90%

BB: FFT/IFFT 4.00% 0.10% 0.40% 0.40% 0.40%

BB: Post-FFT data buffering 10.00% 0.25% 0.40% 0.40% 1.00%

BB: Receiver processing block 24.00% 0.58% 0.58% 0.58% 2.30%

BB: LDPC decoding 10.00% 0.19% 0.19% 0.19% 1.00%

BB: HARQ buffer 14.00% 0.26% 0.26% 0.26% 1.40%

BB: DL control processing & decoder 5.00% 5.00% 5.00% 5.00% 5.00%

BB: Synchronization / cell search block 9.00% 4.50% 4.50% 4.50% 4.50%

BB: UL processing block 5.00% 0.25% 0.25% 0.25% 1.00%

BB: MIMO specific processing blocks 9.00% 4.50% 4.50% 4.50% 4.50%

BB: Total 100.00% 15.85% 16.98% 16.98% 22.00%

RF+BB: Total (with RF:BB cost split 40:60) 100.00% 38.11% 38.79% 38.79% 41.80%


Table 2 Detailed cost analysis for bandwidth reduction options in TDD systems
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RF: Power amplifier 25% 25.00% 25.00% 25.00% 25.00%

RF: Filters 15% 3.75% 3.75% 3.75% 3.75%

RF: Transceiver (including LNAs, mixer, and local oscillator) 55% 13.00% 13.00% 13.00% 13.00%

RF: Duplexer / Switch 5% 5.00% 5.00% 5.00% 5.00%

RF: Total

100% 46.75% 46.75% 46.75% 46.75%

BB: ADC / DAC 9% 0.10% 0.40% 0.40% 0.40%

BB: FFT/IFFT 4% 0.05% 0.20% 0.20% 0.20%

BB: Post-FFT data buffering 10% 0.13% 0.20% 0.20% 0.50%

BB: Receiver processing block 29% 0.35% 0.35% 0.35% 1.40%

BB: LDPC decoding 9% 0.08% 0.08% 0.08% 0.45%

BB: HARQ buffer 12% 0.11% 0.11% 0.11% 0.60%

BB: DL control processing & decoder 4% 4.00% 4.00% 4.00% 4.00%

BB: Synchronization / cell search block 9% 2.25% 2.25% 2.25% 2.25%

BB: UL processing block 5% 0.25% 0.25% 0.25% 1.00%

BB: MIMO specific processing blocks 9% 2.25% 2.25% 2.25% 2.25%

BB: Total 100% 9.57% 10.10% 10.10% 13.05%

RF+BB: Total (with RF:BB cost split 40:60) 100% 24.44% 24.76% 24.76% 26.53%


2.2 Reduced UE peak data rate
According to the SID, the peak data rate of Rel-18 RedCap is further reduced with up to 10Mbps, which mainly services for low-tier devices between existing LPWA UEs and the Rel-17 RedCap UEs. Therefore, three potential solutions to reduce UE peak data rate are approved to study in the last RAN1 meeting, by which the cost of R18 eRedCap UEs may be further reduced. Our analysis and views on these solutions are given as follows. 
· Option PR1: Relaxation of the constraint  [image: image12.png](1) Q(i) . f(,')
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 from ≥4 to ≥0.8
The peak data rate can be calculated by the following formula as given in Clause 4.1.2 in TS 38.306:
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Where v is the maximum number of supported layers reported by the UE, and Q is given by RRC parameter supportedModulationOrderDL or supportedModulationOrderUL to calculate the peak data rate. While, the actual modulation order used for PDSCH/PUSCH scheduling can be larger than the above one reported by UE. The scaling factor f is also reported by UE to reflect the mismatch between RF and baseband processing capabilities. In R15/16, the product of the three factors is constraint to be greater than 4 to ensure the peak data rate. Since the peak data rate required by R18 RedCap UE is also reduced, the constraint can be relaxed either.
Cost reduction: If UE peak data rate is reduced by relaxation the constraint from 4 to 1, the total TBS processing a slot is naturally reduced. Thus, the cost of the following functional blocks can be reduced.
· LDPC decoding

· HARQ buffer
· UL processing block

The UL processing block is used to generate the reference signals including DMRS and SRS, and prepare PUSCH and PUCCH. Since only the total TBS size of PUSCH is reduced, the cost of this block can’t be reduced linearly. Besides, since the constraint is relaxed from 4 to 1, we think the cost of LDPC decoding and HARQ buffer is linearly decreased to 1/4 compared to R17 RedCap. 
The detailed cost reduction analysis of the option PR1 are summarized in Table.3 and Table.4 for FDD and TDD, respectively. Compared with Rel-17 reference RedCap UE, there are around 3.2% and 2.6% cost reduction for FDD and TDD, respectively. 

 In addition, the L2 total buffer size will be reduced in accordance with the reduced the peak data rate.

Coverage: The relaxation of constraint has no harmful impact on coverage. In contrary, Smaller TBS may be adopted due to the reduced peak data rate, which is helpful for coverage. Of course, it depends on the scheduling of gNB.

Latency: When large packet is arriving, the payload may be split into more smaller TBS, which will increase the overall transmission latency. However, we think this situation is basically non-existent since low-tier devices typically don’t have large data volumes, such as safety sensors or factory sensors. 
Spec impact: The relaxation of constraint has minor impact on the specification. A new constraint may be introduced for R18 RedCap UEs in TS 38.306. 
· Option PR2: TBS restriction

Impact on peak data rate: In Rel-15, the UE is not required to handle PUSCH or PDSCH transmissions, if the following condition is not satisfied:
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 is denoted as the total number of bits including padding bits for the m-th TB transmitted in a slot. DataRateCC is just calculated by the formula given in option PR1. From the above formula, we can see that further TBS restriction is helpful to reduce the peak date rate.  

Impact on cost reduction: It is obvious that TBS restriction has a direct favourable effect on the cost reduction of LDPC decoding and HARQ buffer size, which creates the possibility to adopt low-cost memory such as PSRAM. And, TBS restriction is also helpful to reduce the cost of UL processing block as our analysis in Option PR2. In conclusion, the cost of the following blocks will be reduced. 
· LDPC decoding

· HARQ buffer
· UL processing block
The detailed cost reduction analysis of option PR2 are summarized in Table.3 and Table.4 for FDD and TDD, respectively. We assume the cost of HARQ buffer and LDPC decoding is reduced to 1/5 of R17 RedCap. Compared with Rel-17 reference RedCap UE, there are around 3.5% and 2.9% cost reduction for FDD and TDD, respectively.
Specification impact: TBS restriction has minor specification impact with some clarification in TS 38.214, such as the maximum TBS may be directly clarified in the spec. Besides, modifications on the formula of data rate in TS38.306 may be needed.  

Other aspects: In addition, the coverage and latency impact of TBS restriction is similar as Option PR1.
· Option PR3：Restrict the maximum number of RBs for PDSCH and PUSCH

Both Option BW3 and Option PR3 can limit the maximum number of RBs allocated for PDSCH or PUSCH, both of which are helpful to reduce peak data rate. But, Option PR3 can realize non-consecutive frequency domain resource allocation.

Cost reduction: Compared with option BW3, the cost of post-FFT data buffering and receiver processing block of Option PR3 can’t be saved, which may are only affected by UE bandwidth. Besides, the cost of UL processing block can’t be linearly decreased, because the bandwidth of reference signals such as SRS or CSI-RS is not reduced. In conclusion, the cost of the following functional blocks will be reduced.
· HARQ buffer
· LDPC decoding
· UL processing block
 The detailed cost reduction analysis of option PR3 are summarized in Table.3 and Table.4 for FDD and TDD, respectively. We assume the cost of HARQ buffer and LDPC decoding is linearly reduced to 1/4 in accordance with maximum number of RBs restriction. Compared with Rel-17 reference RedCap UE, there are around 3.2% and 2.6% cost reduction for FDD and TDD, respectively.
Reliability and latency: Compared with option BW3, more frequency selective gain and frequency diversity gain can be obtained. In addition, Option PR3 has the similar impact on latency as Option PR1 and Option PR2
Coverage: Just the same as Option BW3, the coverage of SIB1 may be effected due to the limited frequency resources received by eRedCap UE.

Specification impact: Similar with Option BW3 and other Option PR, Option PR3 has minor specification impact. Some restriction should be added in TS 38.214. Besides, the calculation of FDRA field may be changed and the overhead of FDRA field in DCI may be shortened.  
For all above three options, around 3% cost saving gain can be obtained compared with R17 RedCap in both TDD and FDD band. Even if these gains are really limited, considering that these potential solutions for reduced peak data rate have minor impact on the specification and UE implementation, and it will not cause market fragmentation, we recommend to consider some of these solutions for R18 RedCap UEs. From the above three options, since option PR3 has coverage impact on SIB1, it is not preferred by us. Compared with Option PR2, Option PR1 has a clearer and simpler specification change, which is more preferred by us.
Proposal 2: Adopt Option PR1 for reduced peak data rate.
Table 3 Detailed cost analysis for reduced peak data rate in FDD systems
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RF: Power amplifier 25.00% 25.00% 25.00% 25.00% 25.00%

RF: Filters 10.00% 5.00% 5.00% 5.00% 5.00%

RF: Transceiver (including LNAs, mixer, and local oscillator) 45.00% 21.50% 21.50% 21.50% 21.50%

RF: Duplexer / Switch 20.00% 20.00% 20.00% 20.00% 20.00%

RF: Total 100.00% 71.50% 71.50% 71.50% 71.50%

BB: ADC / DAC 10.00% 0.90% 0.90% 0.90% 0.90%

BB: FFT/IFFT 4.00% 0.40% 0.40% 0.40% 0.40%

BB: Post-FFT data buffering 10.00% 1.00% 1.00% 1.00% 1.00%

BB: Receiver processing block 24.00% 2.30% 2.30% 2.30% 2.30%

BB: LDPC decoding 10.00% 0.19% 0.15% 0.19% 1.00%

BB: HARQ buffer 14.00% 0.26% 0.21% 0.26% 1.40%

BB: DL control processing & decoder 5.00% 5.00% 5.00% 5.00% 5.00%

BB: Synchronization / cell search block 9.00% 4.50% 4.50% 4.50% 4.50%

BB: UL processing block 5.00% 0.70% 0.60% 0.70% 1.00%

BB: MIMO specific processing blocks 9.00% 4.50% 4.50% 4.50% 4.50%

BB: Total 100.00% 19.75% 19.56% 19.75% 22.00%

RF+BB: Total (with RF:BB cost split 40:60) 100.00% 40.45% 40.34% 40.45% 41.80%


Table 4 Detailed cost analysis for reduced peak data rate in TDD systems
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RF: Power amplifier 25.00% 25.00% 25.00% 25.00% 25.00% 24.60%

RF: Filters 15.00% 3.75% 3.75% 3.75% 3.75% 14.90%

RF: Transceiver (including LNAs, mixer, and local oscillator) 55.00% 13.00% 13.00% 13.00% 13.00% 51.80%

RF: Duplexer / Switch 5.00% 5.00% 5.00% 5.00% 5.00% 5.00%

RF: Total

100% 46.75% 46.75% 46.75% 46.75%

96.20%

BB: ADC / DAC 9.00% 0.40% 0.40% 0.40% 0.40% 8.00%

BB: FFT/IFFT 4.00% 0.20% 0.20% 0.20% 0.20% 4.00%

BB: Post-FFT data buffering 10.00% 0.50% 0.50% 0.50% 0.50% 9.40%

BB: Receiver processing block 29.00% 1.40% 1.40% 1.40% 1.40% 27.80%

BB: LDPC decoding 9.00% 0.08% 0.07% 0.08% 0.45% 6.80%

BB: HARQ buffer 12.00% 0.11% 0.09% 0.11% 0.60% 9.30%

BB: DL control processing & decoder 4.00% 4.00% 4.00% 4.00% 4.00% 4.00%

BB: Synchronization / cell search block 9.00% 2.25% 2.25% 2.25% 2.25% 9.00%

BB: UL processing block 5.00% 0.70% 0.60% 0.70% 1.00% 5.00%

BB: MIMO specific processing blocks 9.00% 2.25% 2.25% 2.25% 2.25% 8.70%

BB: Total 100% 11.90% 11.76% 11.90% 13.05%

92.10%

RF+BB: Total (with RF:BB cost split 40:60) 100% 25.84% 25.75% 25.84% 26.53%

93.70%


2.3 Relaxed UE processing timeline
For relaxed UE processing timeline, two options are identified in the last RAN1 meeting including Option PT1 and Option PT2 as follows.

· Option PT1：Relaxed UE processing time in terms of N1 and N2
The UE PDSCH processing time N1 is defined as the minimum time gap that the UE needs to meet between the first symbol of HARQ-ACK and the last symbol of its associated PDSCH. During this time gap, the UE is required to complete the decoding of PDCCH/PDSCH and the preparation of PUCCH. Two UE PDSCH processing capabilities are provided in Rel-15/Rel-16, as shown in Table 5 and Table 6, respectively. Similarly, PUSCH preparation time N2 is also given in Rel-15/Rel-16, which is the minimum time gap between the last symbol of PDCCH and the first symbol of PUSCH.
Table 5: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 

or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 6: PDSCH processing time for PDSCH processing capability 2
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1


· Option PT2：Relaxed CSI computation time in terms of Z and Z’

Just the same as the PDSCH/PUSCH processing time, there are also two CSI computation time in R15/16. For eRedCap UE, the CSI computation time will be reduced on basis of UE processing capability 1. According to agreements in the last RAN1 meeting, Option PT1 and Option PT2 will be evaluated together. Thus, our views on Option PT1 + Option PT2 are given as follows.
Impact on Cost reduction: According to TR38.875, it is observed that the cost of the following functional blocks may be reduced if UE PDSCH/PUSCH processing time and CSI computation time is relaxed.
· Baseband: Receiver processing block

· Baseband: LDPC decoding

· Baseband: DL control processing & decoder

· Baseband: UL processing block

For the quantitative assessment on UE processing time relaxation, it is approved that it will be evaluated in conjunction with potential solutions for further UE bandwidth reduction or reduced peak data rate, such as the following combinations for mandatory evaluations: 
· BW1 + PT1 + PT2

· BW3 + PT1 + PT2

· PR1 + PT1 + PT2

· PR3 + PT1 + PT2
However, since PR1 and PR3 has almost the same cost saving gain as our analysis in section 2.2, only PR1 combining with reduced peak data rate is further evaluated in this section. Our detailed cost analysis is given in Table 7 and Table 8 for FDD band and TDD band, respectively. Based on the detailed analysis, the obtained cost gain compared with R17 RedCap UE and the basic Option BW or Option PR are summarized in Table 9. We can observe that compared with the basic solution for UE bandwidth reduction or reduced peak data rate, around 2% and 3% gain is obtained by relaxed processing time for TDD band and FDD band, respectively. 
Peak data rate and Throughput: According to the calculation formula given in TS38.306, the peak data rate will be reduced only if the maximum supported MCS, the maximum supported bandwidth or the maximum number of supported layers is reduced, or only if a new smaller scaling factor is introduced. Thus, the relaxation of processing time has nothing to do with reducing the peak data rate. However, since the HARQ round-trip time will be increased with the relaxed UE processing timeline, the throughput will be reduced without increasing the number of HARQ processes.
Latency: It is no doubt that the latency will be increased almost linearly with the relaxed UE processing timeline, which is very harmful for latency sensitive services, e.g., safety sensors. 
Power consumption: With the relaxed UE processing timeline, the overall working time of baseband will be increased for a single TB processing. Even if lower voltage can be allowed, as mentioned by some companies in the R17 discussion, the overall power consumption may also be increased. Perhaps, a quantitative evaluation can be involved if needed.
Specification impact: If relaxed processing time is supported, several issues need to be discussed with a certain degree of specification impact.  How to coexist with legacy UEs during initial access procedure, whether to couple the relaxation of PDSCH, PUSCH and CSI processing time,  how to determine the relaxation factor, as well as how/whether to modify the default TDRA table would incur potential specification change. 
Based on the above analysis, it is observed that the cost reduction of relaxing the processing time is minimum, while on the other hand, longer latency, more power consumption and high specification impact would be cuased. Considering the imbalanced pain and gain, we incline not to support the relaxed UE processing time for PDSCH, PUSCH and CSI. 

Proposal 3: Don’t support relaxed UE processing timeline for PDSCH, PUSCH and CSI.
Table 7 Cost analysis for relaxed processing time combining with Option BW or Option PR in FDD systems

[image: image21.emf]NR Reference UE BW1+PT1+PT2 BW3+PT1+PT2 PR3+PT1+PT2 R17 RedCap UE

RF: Power amplifier 25.00% 25.00% 25.00% 25.00% 25.00%

RF: Filters 10.00% 5.00% 5.00% 5.00% 5.00%

RF: Transceiver (including LNAs, mixer, and local oscillator) 45.00% 21.50% 21.50% 21.50% 21.50%

RF: Duplexer / Switch 20.00% 20.00% 20.00% 20.00% 20.00%

RF: Total 100.00% 71.50% 71.50% 71.50% 71.50%

BB: ADC / DAC 10.00% 0.23% 0.90% 0.90% 0.90%

BB: FFT/IFFT 4.00% 0.10% 0.40% 0.40% 0.40%

BB: Post-FFT data buffering 10.00% 0.25% 0.40% 1.00% 1.00%

BB: Receiver processing block 24.00% 0.50% 0.50% 2.00% 2.30%

BB: LDPC decoding 10.00% 0.13% 0.13% 0.13% 1.00%

BB: HARQ buffer 14.00% 0.26% 0.26% 0.26% 1.40%

BB: DL control processing & decoder 5.00% 4.00% 4.00% 4.00% 5.00%

BB: Synchronization / cell search block 9.00% 4.50% 4.50% 4.50% 4.50%

BB: UL processing block 5.00% 0.20% 0.20% 0.56% 1.00%

BB: MIMO specific processing blocks 9.00% 4.50% 4.50% 4.50% 4.50%

BB: Total 100.00% 14.67% 15.79% 18.25% 22.00%

RF+BB: Total (with RF:BB cost split 40:60) 100.00% 37.40% 38.08% 39.55% 41.80%


Table 8 Cost analysis for relaxed processing time combining with Option BW or Option PR in TDD systems

[image: image22.emf]NR Reference UE BW1+PT1+PT2 BW3+PT1+PT2 PR1+PT1+PT2 R17 RedCap UE

RF: Power amplifier 25% 25.00% 25.00% 25.00% 25.00%

RF: Filters 15% 3.75% 3.75% 3.75% 3.75%

RF: Transceiver (including LNAs, mixer, and local oscillator) 55% 13.00% 13.00% 13.00% 13.00%

RF: Duplexer / Switch 5% 5.00% 5.00% 5.00% 5.00%

RF: Total

100% 46.75% 46.75% 46.75% 46.75%

BB: ADC / DAC 9% 0.10% 0.40% 0.40% 0.40%

BB: FFT/IFFT 4% 0.05% 0.20% 0.20% 0.20%

BB: Post-FFT data buffering 10% 0.13% 0.20% 0.50% 0.50%

BB: Receiver processing block 29% 0.31% 0.31% 1.25% 1.40%

BB: LDPC decoding 9% 0.06% 0.06% 0.06% 0.45%

BB: HARQ buffer 12% 0.11% 0.11% 0.11% 0.60%

BB: DL control processing & decoder 4% 3.00% 3.00% 3.00% 4.00%

BB: Synchronization / cell search block 9% 2.25% 2.25% 2.25% 2.25%

BB: UL processing block 5% 0.18% 0.18% 0.49% 1.00%

BB: MIMO specific processing blocks 9% 2.25% 2.25% 2.25% 2.25%

BB: Total 100% 8.43% 8.96% 10.51% 13.05%

RF+BB: Total (with RF:BB cost split 40:60) 100% 23.76% 24.07% 25.01% 26.53%


Table 9  Comparison of cost gain between combination options and RedCap UEs or basic option BW or PR

[image: image23.emf]FDD 10.52% 8.91% 5.38% 1.70% 1.70% 2.15%

TDD 10.45% 9.26% 5.75% 2.58% 2.58% 3.14%

Comparied with basic Option BW or PR Compared with R17 RedCap


3 Conclusion  
In this contribution, we discuss potential solutions for further UE complexity reduction. Based on the discussion, our views are summarized as follows.

Proposal 1: Don’t support Option BW1 and Option BW2. 

Proposal 2: Adopt Option PR1 for reduced peak data rate.
Proposal 3: Don’t support relaxed UE processing timeline for PDSCH, PUSCH and CSI.
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