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1. Introduction
At RAN1#101-e meeting, following agreements related to UE complexity reduction were made [1]:
	Agreements:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS

Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

Agreements:
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.

Agreements:
The reference NR device for evaluation of cost/complexity reduction supports the following:
· All mandatory Rel-15 features (with or without capability signaling)
· Single RAT
· Operation in a single band at a time
· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL
· For FR2: 200 MHz for DL and UL
· Antennas: 
· For FR1 FDD: 2Rx/1Tx
· For FR1 TDD: 4Rx/1Tx
· For FR2: 2Rx/1Tx
· Power class: PC3
· Processing time: Capability 1
· Modulation: 
· For FR1: support 256QAM for DL and 64QAM for UL
· For FR2: support 64QAM for DL and 64QAM for UL
· Access: Direct DL/UL access between UE and gNB

Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.



In addition, at RAN1#102-e meeting, following agreements related to UE complexity reduction were also made [2]:
	Agreements:
· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR1 UE is assumed to be 40:60.
· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR2 UE is assumed to be approximately 50:50.

Conclusion:
· The study of reduced number of UE (physical) antenna elements and panels in FR2 is not prioritized in the RedCap study item.

Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 
· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 

Agreements:
· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of capability #1, i.e.,
· 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

Agreements:
· Study of relaxed UE processing time related to CSI computation is not prioritized in the RedCap study item.

Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.
· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· Restriction to 1 or 2 MIMO layers in DL can be studied.
· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.
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· Assume the detailed cost breakdown for FR1 FDD/TDD and FR2 in the table below:.

	Functional block
	FR1 FDD (2Rx)
	FR1 TDD (4Rx)
	FR2

	RF

	Antenna array for FR2
	
	
	~33%

	Power amplifier 
	~25%
	~25% 
	~18%

	Filters
	~10%
	~15%
	~8% 

	RF transceiver
(including LNAs, mixer, and local oscillator)
	~45% 
	~55%
	~41%

	Duplexer / Switch
	~20%
	~5%
	~0%

	Baseband

	ADC / DAC
	~10%
	~9%
	~4%

	FFT/IFFT
	~4%
	~4%
	~4%

	Post-FFT data buffering
	~10%
	~10%
	~11%

	Receiver processing block
	~24%
	~29%
	~24%

	LDPC decoding
	~10%
	~9%
	~9%

	HARQ buffer
	~14%
	~12%
	~11%

	DL control processing & decoder
	~5%
	~4%
	~5%

	Synchronization / cell search block
	~9%
	~9%
	~7%

	UL processing block
	~5%
	~5%
	~7%

	MIMO specific processing blocks
	~9%
	~9%
	~18%



Agreements:
· In potential cost evaluations for a UE, it is assumed that the multi-band support affects the RF cost but not the baseband cost significantly.
· In the TR, at least include a qualitative statement; relevant numerical results can also be considered.
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· For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband.
· This maximum UE bandwidth applies to both data and control channels.
· This maximum UE bandwidth is assumed for both DL and UL.
· Complexity analyses with other mixes of bandwidths are not precluded.



Based on the above agreements, the cost evaluation regarding following features is ongoing over the email discussion [102-e-Post-NR-RedCap-01]. 
· Reduced UE BW
· FR1: 100MHz  20MHz
· FR2: 200MHz  50 or 100 MHz
· Reduced number of Rx
· Reduced number of DL MIMO layers
· FR1 FDD: 2  1
· FR1 TDD: 4  1 or 2
· FR2: 2  1
· Reduced number of Rx antennas
· FR1 FDD: 2  1
· FR1 TDD: 4  1 or 2
· FR2: 2  1
· HD-FDD
· Type A
· Type B
· Relaxed processing time
· Doubled N1 and N2
· Relaxed modulation
· FR1 DL: 256QAM  64QAM
· FR1 UL: 64QAM  16QAM
· FR2 DL: 64QAM  16QAM
· FR2 UL: 64QAM  16QAM

While what are captured in TR would be decided after summarizing the cost evaluation result, in the following sections, each of the potential features and possible conclusion are discussed based on the discussion in RAN1#102-e meeting [3].


2. Reduced UE Bandwidth
In RAN1#102-e meeting, cost evaluation for reduced UE BW was discussed, and followings were observed [3]: 
· Cost saving from reducing the UE bandwidth from 100 MHz to 20 MHz in FR1 is in the range of 15% - 40.2% and the middle of this range is 27.6%
· Cost saving from reducing the UE bandwidth from 200 MHz to 100 MHz in FR2 is no greater than 23%
· Cost saving from reducing the UE bandwidth from 200 MHz to 50 MHz in FR2 is in the range of 15% - 32% and the middle of this range is 23.5%

In addition, performance impacts, coexistence with legacy UEs, and specification impacts for reduced UE BW were also discussed [3]. In Table 1, our view on what should be captured in TR is summarized. Detailed analysis regarding the data rate and impact on initial access (FDMed ROs and SSB/CORESET0) is shown in [4].

Table. 1  Analysis for reduced UE BW
	Performance impact
	Coexistence w/ legacy UEs
	Spec impact

	FR1
· Coverage
· Should be discussed in AI 8.6.3
· Data rate/throughput
· Due to narrow BW
· Highest requirement (DL 150 Mbps) can be met by 20 MHz BW with 2 MIMO layers
· Latency and reliability
· N/A
· Power consumption
· Need evaluation: less RF/BB modules vs longer Rx time
· SE/Capacity
· N/A
· PDCCH blocking Prob.
· N/A
· No. of UEs supported
· N/A
FR2
· Coverage
· Should be discussed in AI 8.6.3
· UE may not receive AL8/16
· Data rate/throughput
· Requirement can be met by 50 MHz BW
· Latency and reliability
· N/A
· Power consumption
· N/A
· SE/Capacity
· N/A
· PDCCH blocking Prob.
· Especially for 50MHz BW
· No. of UEs supported
· N/A
· Longer SSB/SIB1 acquisition time
· Due to RF retuning
· Not support FDMed SSB/CORESET0
· Especially for 50MHz BW
	FR1
· Initial access
· FDMed ROs
· High load in initial BWP
· Paging capacity
FR2
· Initial access
· FDMed SSB/CORESET0
· High load in initial BWP
· Paging capacity
	· RF retuning for FDMed ROs or SSB/CORESET0
· Dedicated BWP for RedCap
· Dedicated initial access procedure for RedCap
· Dedicated Paging occasion for RedCap 
· Coverage
· Longer CORESET duration
· Should be discussed in AI 8.6.3



From the above, it can be seen that reducing the UE bandwidth from 200 MHz to 50 MHz in FR2 has a number of drawbacks while the difference of cost saving for 100 MHz and 50 MHz is not significant. Therefore, it would be enough to specify the reduced UE BW of 20 MHz for FR1 and 100 MHz for FR2 in WI phase.
Proposal 1: Recommend to specify the reduced UE BW of 20 MHz for FR1 and 100 MHz for FR2 in WI phase.


3. Reduced number of Rx
In RAN1#102-e meeting, cost evaluation for reduced number of Rx was discussed, and followings were observed [3]: 
· Cost saving from reducing the number of Rx from 2 to 1 in FR1 FDD is no greater than 50%
· Cost saving from reducing the number of Rx from 4 to 2 in FR1 TDD is no greater than 50%
· Cost saving from reducing the number of Rx from 4 to 1 in FR1 TDD is no greater than 59%
· Cost saving from reducing the number of Rx from 2 to 1 in FR2 is no greater than 49.64% (from only 1 company quantitatively)

In addition, performance impacts, coexistence with legacy UEs, and specification impacts for reduced number of Rx were also discussed [3]. In Table 2, our view on what should be captured in TR is summarized.

Table. 2  Analysis for reduced number of Rx
	Performance impact
	Coexistence w/ legacy UEs
	Spec impact

	· Coverage
· Should be discussed in AI 8.6.3
· Data rate/throughput
· Due to reduced number of MIMO layers
· Highest requirement (DL 150 Mbps) can be met by 20 MHz BW with 2 MIMO layers
· Latency and reliability
· N/A
· Power consumption
· Need evaluation: less RF/BB modules vs longer Rx time
· SE/Capacity
· Due to less throughput
· Should be discussed in AI 8.6.3
· PDCCH blocking Prob.
· Due to higher ALs
· No. of UEs supported
· Due to less throughput
· Should be discussed in AI 8.6.3
	· Coverage recovery during initial access
· Should be discussed in AI 8.6.3
· PDCCH blocking
· Due to higher ALs for RedCap UEs
· Common PHY Channels for both legacy UEs and RedCap UEs
· System widd take conservative way to support RedCap UEs
· RRM
· Cell planning
· Should be discussed in RAN4
	· Coverage
· PDCCH/PDSCH repetition
· Higher AL
· Compact DCI
· Should be discussed in AI 8.6.3



From the above and our coverage evaluation result [5], it can be seen that reducing the number of Rx from 4 to 1 in FR1 TDD has a number of drawbacks while the difference of cost saving for 2Rx and 1Rx is not significant. Therefore, it would be enough to specify the reduced number of Rx of 1 for FR1 FDD and FR2 and 2 for FR1 TDD in WI phase.
Proposal 2: Recommend to specify the reduced number of Rx of 1 for FR1 FDD and FR2 and 2 for FR1 TDD in WI phase.


4. HD-FDD
In RAN1#102-e meeting, cost evaluation for HD-FDD was discussed, and following was observed [3]: 
· The range of UE cost saving from HD-FDD is from 4% to 19%

In addition, performance impacts, coexistence with legacy UEs, and specification impacts for reduced number of Rx were also discussed [3]. In Table 3, our view on what should be captured in TR is summarized.

Table. 3  Analysis for HD-FDD
	Performance impact
	Coexistence w/ legacy UEs
	Spec impact

	· Coverage
· N/A
· Data rate/throughput
· Lower than FD-FDD
· Latency and reliability
· Longer latency
· Power consumption
· Lower than FD-FDD
· SE/Capacity
· Due to scheduling restriction
· PDCCH blocking Prob.
· N/A
· No. of UEs supported
· Due to scheduling restriction
	· Complex scheduling
· Switching time from PRACH to Msg2 for Type B
	· DL-to-UL and/or UL-to-DL switching time
· handling DL/UL collision



From the above, it can be seen that introducing HD-FDD has a number of drawbacks while the amount of cost saving is not significant. Therefore, there would be no strong motivation to introduce HD-FDD so far, while conclusion can be made after obtaining the cost evaluation result.


5. Relaxed processing time
In RAN1#102-e meeting, cost evaluation for relaxed processing time was discussed, and following was observed [3]: 
· Cost saving from relaxed processing time (N1/N2) is no greater than 10%

In addition, performance impacts, coexistence with legacy UEs, and specification impacts for relaxed processing time were also discussed [3]. In Table 4, our view on what should be captured in TR is summarized.

Table. 4  Analysis for relaxed processing time
	Performance impact
	Coexistence w/ legacy UEs
	Spec impact

	· Coverage
· N/A
· Data rate/throughput
· Due to longer HARQ RTT
· Latency and reliability
· No problem for many RedCap use cases (100 - 500 ms latency)
· May be not feasible for safety-related sensors
· Power consumption
· Need evaluation: relaxed processing vs longer active time
· SE/Capacity
· Due to scheduling restriction
· PDCCH blocking Prob.
· N/A
· No. of UEs supported
· Due to scheduling restriction
	· Complex scheduling
· Identification of RedCap UE before Msg3
	· Define new UE processing time
· Scheduling time related to default TDRA table and HARQ-ACK timing



From the above, it can be seen that relaxed processing time has a number of drawbacks while the amount of cost saving is not significant. Therefore, there would be no strong motivation to introduce relaxed processing time so far, while conclusion can be made after obtaining the cost evaluation result.


6. Relaxed processing capability
In RAN1#102-e meeting, cost evaluation for relaxed processing capability was discussed, and followings were observed [3]: 
· Cost saving from reducing the maximum number of MIMO layers from 2  1 or 4  2 is no greater than 22%
· Cost saving from reducing the maximum number of MIMO layers from 4  1 is no greater than 28.35%
· Cost saving from reducing the maximum modulation order from 256QAM  64 QAM in DL and 64QAM  16 QAM in UL is 6% (from only 1 company quantitatively)

In addition, performance impacts, coexistence with legacy UEs, and specification impacts for relaxed processing capability were also discussed [3]. In Table 5, our view on what should be captured in TR is summarized.

Table. 5  Analysis for relaxed processing capability
	Performance impact
	Coexistence w/ legacy UEs
	Spec impact

	· Coverage
· N/A
· Data rate/throughput
· Reduced max TBS
· Reduced number of MIMO layers
· Latency and reliability
· N/A
· Power consumption
· N/A
· SE/Capacity
· Due to lower data rate
· PDCCH blocking Prob.
· N/A
· No. of UEs supported
· Due to lower data rate
	· Implicit max TBS restriction may impact on SIB/Msg4/Paging
	· MCS/CQI table and DCI for restricted modulation order



From the above, it can be seen that relaxed processing capability especially for reducing the maximum modulation order has some drawbacks while the amount of cost saving is not significant. Therefore, there would be no strong motivation to reduce the maximum modulation order so far, while conclusion can be made after obtaining the cost evaluation result. Regarding reducing the maximum number of MIMO layers, the difference of cost saving for 4  1 and 4  2 MIMO layers is not significant and hence, it would be enough to reduce the number of Rx as discussed in Section 3.


7. Conclusion
In this contribution, we discussed the potential UE complexity reduction features for RedCap. Based on the discussion, we made following proposals.
Proposal 1: Recommend to specify the reduced UE BW of 20 MHz for FR1 and 100 MHz for FR2 in WI phase.
Proposal 2: Recommend to specify the reduced number of Rx of 1 for FR1 FDD and FR2 and 2 for FR1 TDD in WI phase.
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