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1 Introduction
In RAN 1 #109e, several options were identified for further UE bandwidth reduction, UE peak rate reduction, and processing time relaxation. Moreover, some potential combinations were identified for further study in terms of cost breakdown and performance impact. In this contribution, we discuss the cost reduction techniques for further UE complexity reduction based on the identified options. 

2 Cost reduction estimation
2.1 Cost reduction with UE bandwidth reduction
The followings were agreed in RAN 1 #109e. 

	Agreement
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.






Based on the discussion in Rel-17, the main contributors of cost reduction of bandwidth reduction are the following functional blocks:
  -	Baseband: ADC/DAC
-	Baseband: FFT/IFFT
-	Baseband: Post-FFT data buffering
-	Baseband: Receiver processing block
-	Baseband: LDPC decoding
-	Baseband: HARQ buffer
Table 1 provides an analysis for additional cost saving with further reduced maximum UE bandwidth from 20MHz to 5MHz for BW1 and BW3. In our understanding, reducing bandwidth from 20MHz to 5MHz the impact on RF is minor. The cost reduction mainly comes from baseband. From Table 1, we can observe that the main different between BW1 and BW 3 comes from:
· For base band part, 
· the difference mainly comes from ADC/DAC, FFT/IFFT, because BW1 can be benefit from further reduction, while BW3 requires same ADC/DAC as R17 Redcap. 
· Post-FFT buffer may also have some different. However, this depends on the assumption on whether “cross slot” or pre-known location of PDSCH is known or not. 
The difference between BW1 and BW3 is about 3% of reference. 
Observation #1: The additional cost saving with BW1 and BW 3 are about 9.5~12% for 2Rx and 4.75~7.1% for 1Rx.
Observation #2: The cost difference between BW1 and BW 3 is less than 3% with R15 eMBB UE as a reference. 
Table 1: Additional device cost saving for reduced maximum UE bandwidth

	Reduced UE bandwidth
	R15 
eMBB UE
	FR1 FDD 
2Rx 2 layer
	FR1 FDD 
1 Rx 1 layer

	
	
	Rel-17 20MHz [2]
	BW1
	BW3
	Rel-17 20MHz [2]
	BW1
	BW3

	RF: Power amplifier 
	25%
	24.1%1
	24.1%
	24.1%
	21.7%1
	21.7%
	21.7%

	RF: Filters
	10%
	10.0%
	10.0%
	10.0%
	4.3%
	4.3 %
	

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	43.7%
	43.7%
	43.7%
	23.6%
	23.6%
	23.6%

	RF: Duplexer / Switch
	20%
	20.0%
	20.0%
	20.0%
	17.8%
	17.8%
	17.8%

	RF: Total relative cost
	100%
	97.7%
	97.7%
	97.7%
	67.4%
	67.4%
	67.4%

	BB: ADC / DAC
	10%
	2.8%
	0.50%
	2.8 %
	1.3%
	0.25%
	1.3 %

	BB: FFT/IFFT
	4%
	1.1%
	0.22%
	1.1%
	0.6%
	0.11%
	0.6%

	BB: Post-FFT data buffering
	10%
	2.3%
	0.56%
	0.56 %
	1.0%
	0.28%
	0.28 %

	BB: Receiver processing block
	24%
	9.1%
	2.27%
	2.27%
	4.5%
	1.135%
	1.135%

	BB: LDPC decoding
	10%
	3.8%
	1.385%
	1.385%
	1.4%
	0.69%
	0.69%

	BB: HARQ buffer
	14%
	4.2%
	0.42%
	0.42% 
	1.5%
	0.21%
	0.21%

	BB: DL control processing & decoder
	5%
	4.5%
	4.2%
	4.5 %
	4.4%
	4.2%
	4.4 %

	BB: Synchronization / cell search block
	9%
	9.0%
	9.0%
	9.0%
	4.5%
	4.5%
	4.5%

	BB: UL processing block
	5%
	3.4%
	2.2%
	2.2%
	3.0%
	1.1%
	1.1%

	BB: MIMO specific processing blocks
	9%
	8.2%
	8.0%
	8.2 %
	3.7%
	3.5%
	3.7%

	BB: Total relative cost
	100%
	48.4%
	28.56%
	32.435%
	25.8%
	15.98%
	17.92%

	RF+BB: Total relative cost
	100%
	68.1%
	55.8%
	58.541% 
	42.5%
	36.55%
	37.75%


Note 1: the value is from TR 38.375, which combines the cost analysis from multiple companies. 
2.2 Cost reduction for peak data rate restriction

The followings were agreed in RAN 1 #109e. 
	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.



The main idea of peak data rate restriction is to reduce baseband part with: 
· PR1: L2 buffer
· PR2: LDPC decoding, HARQ buffer, UL processing block(limited) 
· PR3: LDPC decoding, HARQ buffer, UL processing block and receiver processing block 
However, the RF is expected to have the same cost as for 20MHz. In current cost breakdown table, L2 buffer is not counted. Therefore, the cost saving analysis mainly for PR2 and PR3. In Table 2, single Rx is used for the cost analysis. From Table 2, we have the following observations. 
Observation #3: The additional cost saving with PR2 and PR3 are about 1.5% and 4.34% for 1Rx. 
Observation #4: Comparing with BW reduction, the additional cost saving is small.  
Proposal #1: PR2 or PR3 is deprioritized for Rel-18 eRedCap. 
Table 2: Additional device cost saving for peak data rate reduction 
	Reduced UE bandwidth
R15 
	eMBB UE
	Rel-17 20MHz [2] with 1 RX
	PR2
	PR3

	RF: Power amplifier 
	25%
	21.7%1
	21.7%
	21.7%1

	RF: Filters
	10%
	4.3%
	4.3 %
	4.3%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	23.6%
	23.6%
	23.6%

	RF: Duplexer / Switch
	20%
	17.8%
	17.8%
	17.8%

	RF: Total relative cost
	100%
	67.4%
	67.4%
	67.4%

	BB: ADC / DAC
	10%
	1.3%
	1.3%
	1.3%

	BB: FFT/IFFT
	4%
	0.6%
	0.6%
	0.6%

	BB: Post-FFT data buffering
	10%
	1.0%
	1.0%
	1.0%

	BB: Receiver processing block
	24%
	4.5%
	4.5%
	1.135%

	BB: LDPC decoding
	10%
	1.4%
	0.69%
	0.69%

	BB: HARQ buffer
	14%
	1.5%
	0.21%
	0.21%

	BB: DL control processing & decoder
	5%
	4.4%
	4.4 %
	4.4%

	BB: Synchronization / cell search block
	9%
	4.5%
	4.5%
	4.5%

	BB: UL processing block
	5%
	3.0%
	2.5%
	1.1%

	BB: MIMO specific processing blocks
	9%
	3.7%
	3.7%
	3.7%

	BB: Total relative cost
	100%
	25.8%
	23.3%
	18.53%

	RF+BB: Total relative cost
	100%
	42.5%
	41%
	38.14%



2.3 Additional cost reduction with timeline relaxation 

The followings were agreed in RAN 1 #109e. 

	Agreement
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.
Agreement
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.
Agreement
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2



In Table 3, we summarize additional cost reduction features for BW1, BW3 and PT1/PT1+PT2. The main cost reduction by additionally introducing PT1 and PT2 comes from:
· BB: Receiver processing block, with more time more time of PDSCH decoding
· BB: LDPC decoding, with more time for PDSCH decoding
· BB: UL processing block, with more time for PUSCH preparation 
· BB: MIMO specific processing blocks, with more time for CSI feedback 

Table 4 summarizes the additional cost reduction features for PT2, PT3 and PT1/PT1+PT2

Observation #5: PT1 and PT2 can provide about additional 3% of cost saving with R15 eMBB  as reference when combining with BW1 and BW3. 
Observation #6: PT1 and PT2 can provide about additional 3.5% of cost saving with R15 eMBB as reference when combining with PT2 and PT3.
Proposal #2: Further study on whether to combine PT1 and/or PT 2 considering additional cost saving and the spec impact.  
Table 3: Additional device cost saving with PT 1 and PT2 combining with BW1 and BW3 
	Reduced UE bandwidth
	R15 
eMBB
	 FR1 FDD  1 Rx 1 layer 

	
	
	Rel-17 20MHz
	BW1
	BW1+PT1+PT2
	BW1+PT1
	BW3
	BW3+PT1+PT2
	BW3+PT1

	RF: Power amplifier 
	25%
	21.70%
	21.70%
	21.70%
	21.70%
	21.70%
	21.70%
	21.70%

	RF: Filters
	10%
	4.30%
	4.30%
	4.30%
	4.30%
	4.30%
	4.30%
	4.30%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	23.60%
	23.60%
	23.60%
	23.60%
	23.60%
	23.60%
	23.60%

	RF: Duplexer / Switch
	20%
	17.80%
	17.80%
	17.80%
	17.80%
	17.80%
	17.80%
	17.80%

	RF: Total relative cost
	100.00%
	67.40%
	67.40%
	67.40%
	67.40%
	67.40%
	67.40%
	67.40%

	[bookmark: _Hlk111123712]BB: ADC / DAC
	10%
	1.30%
	0.25%
	0.25%
	0.25%
	1.30%
	1.30%
	1.30%

	BB: FFT/IFFT
	4%
	0.60%
	0.11%
	0.11%
	0.11%
	0.60%
	0.60%
	0.60%

	BB: Post-FFT data buffering
	10%
	1.00%
	0.28%
	0.28%
	0.28%
	0.28%
	0.28%
	0.28%

	BB: Receiver processing block
	24%
	4.50%
	1.135%
	0.96%
	0.96%
	1.135%
	0.96%
	0.96%

	BB: LDPC decoding
	10%
	1.40%
	0.69%
	0.46%
	0.46%
	0.69%
	0.46%
	0.46%

	BB: HARQ buffer
	14%
	1.50%
	0.21%
	0.21%
	0.21%
	0.21%
	0.21%
	0.21%

	BB: DL control processing & decoder
	5%
	4.40%
	4.20%
	1.72%
	3.44%
	4.40%
	1.80%
	3.61%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%

	[bookmark: _Hlk111123769]BB: UL processing block
	5%
	3.00%
	1.10%
	0.65%
	0.81%
	1.10%
	0.65%
	0.81%

	BB: MIMO specific processing blocks
	9%
	3.70%
	3.50%
	1.71%
	3.42%
	3.70%
	1.81%
	3.62%

	BB: Total relative cost
	100%
	25.90%
	15.98%
	10.80%
	14.45%
	17.92%
	12.57%
	16.35%

	RF+BB: Total relative cost
	100%
	42.50%
	36.55%
	33.47%
	35.63%
	37.709%
	34.50%
	36.77%



Table 4: Additional device cost saving with PT 1 and PT2 combining with PR 2 and PT2 
	Reduced UE bandwidth

	eMBB UE
	Rel-17 20MHz 
	PR2
	 
PR2+PT1+PT2
	 
PR2+PT1
	PR3
	 
PR3+PT1+PT2
	 
PR3+PT1

	RF: Power amplifier 
	25%
	21.70%
	21.70%
	21.70%
	21.70%
	21.70%
	21.70%
	21.70%

	RF: Filters
	10%
	4.30%
	4.30%
	4.30%
	4.30%
	4.30%
	4.30%
	4.30%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	23.60%
	23.60%
	23.60%
	23.60%
	23.60%
	23.60%
	23.60%

	RF: Duplexer / Switch
	20%
	17.80%
	17.80%
	17.80%
	17.80%
	17.80%
	17.80%
	17.80%

	RF: Total relative cost
	100%
	67.40%
	67.40%
	67.40%
	67.40%
	67.40%
	67.40%
	67.40%

	BB: ADC / DAC
	10%
	1.30%
	1.30%
	1.30%
	1.30%
	1.30%
	1.30%
	1.30%

	BB: FFT/IFFT
	4%
	0.60%
	0.60%
	0.60%
	0.60%
	0.60%
	0.60%
	0.60%

	BB: Post-FFT data buffering
	10%
	1.00%
	1.00%
	1.00%
	1.00%
	1.00%
	1.00%
	1.00%

	BB: Receiver processing block
	24%
	4.50%
	4.50%
	3.81%
	3.81%
	1.14%
	0.96%
	0.96%

	BB: LDPC decoding
	10%
	1.40%
	0.69%
	0.46%
	0.46%
	0.69%
	0.46%
	0.46%

	BB: HARQ buffer
	14%
	1.50%
	0.21%
	0.21%
	0.21%
	0.21%
	0.21%
	0.21%

	BB: DL control processing & decoder
	5%
	4.40%
	4.40%
	1.80%
	3.61%
	4.40%
	1.80%
	3.61%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%

	BB: UL processing block
	5%
	3.00%
	2.50%
	1.48%
	1.85%
	1.10%
	0.65%
	0.81%

	BB: MIMO specific processing blocks
	9%
	3.70%
	3.70%
	1.81%
	3.62%
	3.70%
	1.81%
	3.62%

	BB: Total relative cost
	100%
	25.90%
	23.40%
	16.96%
	20.95%
	18.64%
	13.29%
	17.07%

	RF+BB: Total relative cost
	100%
	42.50%
	41.00%
	37.14%
	39.53%
	38.14%
	34.93%
	37.20%






3 Support of further cost reduction
3.1 Potential issues and solutions for BW 1
With 15 kHz subcarrier spacing, there are available configurations for both SSB and CORESET #0 to be used that do not exceed 5 MHz channel bandwidth. However, for band n77, n78, or n79, only 30 kHz SSB can be supported. Therefore, one issue is whether/how to support a 5MHz eRedcap UE in such bands. Several solutions can be considered:
· Option #1: Truncation of legacy SSB
In option #1, a UE only receives the SSB in 5 MHz RF bandwidth at one time. The detection of PSS/SSS might be acceptable since the occupied bandwidth of PSS/SSS is not as large as PBCH. However, the decoding performance of PBCH is expected to have large degradation. However, a UE can keep trying to decode SSB, i.e., as for eMTC/NB-IOT with 20dB coverage enhancement. In order to improve the decoding performance, the UE may retune to other frequency to receive PBCH and implement soft combining if the PBCH contents remain same. The feasibility and performance of this method needs to be carefully studied. 
· Option #2: New CD-SSB with 15kHz SCS at different raster from legacy UEs
Option #2 requires an additional copy of the CD-SSB, different from legacy UEs (including eMBB or Rel-17 RedCap UEs). In order to avoid a backward compatibility issue, a different raster can be used. The disadvantage of this method is the overhead of CD-SSBs. However, if 20 MHz Redcap UEs or even legacy eMBB UEs can be upgraded by software to also use this new CD-SSB, it can be also used as NCD-SSB in connected mode. From that perspective, the overhead can be acceptable. A variation of this method would be to design a completely new CD-SSB for eRedCap. However, the specification impact may be too significant. 
· Option #3: do not support 5MHz RedCap for the bands do not support 15kHz SCS for SSB
Option #3 may not be a good choice since n77/n78/n79 are new clean bands for NR. In our view, eRedcap UEs should be supported in all the NR bands. Besides, it might be beneficial to also support SCSs other than 30kHz in other bands (e.g., to multiplex eRedCap with eMBB UEs and rel-16 RedCap UEs).
Moreover, with further reduction of channel bandwidth from 20 MHz to 5 MHz, DL coverage is expected to have a 6 dB coverage loss without considering frequency diversity. Especially for DL common channels and PDCCH, some enhancement is needed. Some solutions were identified for DL coverage recovery in Rel-17 study item and can be a starting point for DL coverage recovery. 
Observation #7 : In order to support eRedcap with BW1 in n77, n78, n79, the following options can be considered for SSB:  
· Option #1: Truncation of legacy SSB
· Option #2: New CD-SSB with 15kHz SCS at different raster from legacy UEs
Observation #8: If BW 1 is supported, PDCCH coverage recovery is needed. 
3.2 Potential issues and solutions for BW3 
In the analysis in section 2.2, the assumption is to only keep ADC/DAC, FFT/IFFT, which means UE can receive a DL signal in 20 MHz and implement FFT, while, UE only buffer pre-know 5MHz for downlink. Therefore, similar DL coverage, spectral efficiency and throughput with PDSCH/PUSCH bandwidth restriction are expected to be achieved. 
However, the issue to support restriction of PDSCH/PUSCH bandwidth is the coexistence with RedCap UEs and eMBB UEs in idle/inactive and during RACH procedure. Since the occupied bandwidth of PDSCH/PUSCH is restricted to 5 MHz, and DL common messages, e.g., SIBs, paging, may be shared with legacy UEs., PDSCHs carrying DL common messages also need to be restricted into 5 MHz. Although the diversity can be kept as RedCap, the supported code rate with given large TBS is limited due to the restricted bandwidth. Therefore, careful study with reasonable assumptions on the max TBS for DL common messages is needed. Another alternative solution is to design separate DL common message for eRedCap, for example eRedCap specific SIB, or paging. This issue is common for BW1.  
Similarly, early capability report may also need to be supported so that the allocated number or PRBs for Msg 2/3/4 before RRC connection setup can be restricted for eRedCap UEs. This is another common issue for bandwidth reduction.
For RRC connected mode, UE needs to have pre-known subband no more than 5MHz for PDSCH and PUSCH. Some new resource allocation method might need to be designed.    
Observation #9: DL common message might be limited to a small TBS to support BW 1 and BW 3. 
Observation #10: For BW3, consider source allocation enhancement as the potential specification impact.  
Proposal #3: BW3 is prioritized over BW 1 for Rel-18 eRedCap.
3.3 Potential issues and solutions for supporting timeline relaxation
As in TR 38.875 [2]: 
A new UE processing time capability needs to be defined if relaxed UE processing time in terms of N1 and N2 is introduced. New values of N1 and N2, as well as how the PDSCH processing time and PUSCH preparation time are determined by N1 and N2, need to be defined.
Depending on the degree of relaxation of the N1 and N2 values, specification details on scheduling timing related to the default TDRA tables and HARQ-ACK timing range may also need to be updated.
The potential impact can be studied considering the support of other techniques. For example, potential early capability report for an eRedcap UE so that the new TDRA can be used during RA procedure. Or, whether/how the new TDRA is needed for other DL channels, e.g., SIBs, paging. 
Observation #11: For PT1, the potential specific impact on scheduling delay is considered in idle/inactive and during RA procedure.  

4 Conclusion
This paper discussed the further cost reduction techniques for Redcap, the following observations were made:
Observation #1: The additional cost saving with BW1 and BW 3 are about 9.5~12% for 2Rx and 4.75~7.1% for 1Rx
Observation #2: The cost difference between BW1 and BW 3 is less than 3% with R15 eMBB UE as a reference. 
Observation #3: The additional cost saving with PR2 and PR3 are about 1.5% and 4.34% for 1Rx. 
Observation #4: Comparing with BW reduction, the additional cost saving is small.  
Observation #5: PT1 and PT2 can provide about additional 3% of cost saving with R15 eMBB as reference when combining with BW1 and BW3. 
Observation #6: PT1 and PT2 can provide about additional 3.5% of cost saving with R15 eMBB as reference when combining with PT2 and PT3.
Observation #7: In order to support eRedcap with BW1 in n77, n78, n79, the following options can be considered for SSB:  
· Option #1: Truncation of legacy SSB
· Option #2: New CD-SSB with 15kHz SCS at different raster from legacy UEs
Observation #8: If BW 1 is supported, PDCCH coverage recovery is needed. 
Observation #9: DL common message might be limited to a small TBS to support BW 1 and BW 3. 
Observation #10: For BW3, consider source allocation enhancement as the potential specification impact.  
Observation #11: For PT1, the potential specific impact on scheduling delay is considered in idle/inactive and during RA procedure.  

Based on the observations, we have the following proposals:
Proposal #1: PR2 or PR3 is deprioritized for Rel-18 eRedCap. 
Proposal #2: Further study on whether to combine PT1 and/or PT 2 considering additional cost saving and the spec impact.  
Proposal #3: BW3 is prioritized over BW 1 for Rel-18 eRedCap.
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