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1. [bookmark: _Toc120549591]Introduction
According to the SID objective listed in the following[1], complexity reduction techniques will be studied based on the evaluation methodology in TR 38.875.
· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
In this contribution, we will discuss the reference configuration for complexity reduction evaluation, and give our proposals.
2. Discussion on simulation needs and assumptions
There are two possible solutions to reduce UE complexity, one is to reduce UE bandwidth to 5MHz and the other one is to reduced UE peak data rate, and both of the solutions can further combine with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI. In our companion contribution[2], the potential performance and specification influence have been analyzed, and to our understanding, reducing UE bandwidth to 5MHz requires more specification effort.Another important factor is cost reduction, so cost reduction gain analysis similar as section 7.3.2 in TR38.875 is needed for both solutions. Whether both solutions can be selected or only one is down selected depends on not only the cost reduction, but also the performance impacts and specification effort to enable standalone deployment or coexistence with non-RedCap or R17 RedCap UEs. 
Observation: Whether both UE bandwidth reduction to 5MHz and reduced UE peak data rate can be selected or only one is down selected depends on not only the cost reduction, but also the performance impacts and specification effort to enable standalone deployment or coexistence with non-RedCap or R17 RedCap UEs.
To evaluate cost reduction, reference configuration should be determined first. There are two alternatives for the reference configuration,
· Alternative 1: reuse the same reference NR device as R17 RedCap UE.
For Alternative 1, reference NR devices were defined as follows for FR1 FDD, FR1 TDD, respectively.
-	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
-	Antennas: 
-	For FR1 FDD: 2Rx/1Tx
-	For FR1 TDD: 4Rx/1Tx
-	Power class: PC3
-	Processing time: Capability 1
-	Modulation: 
-	For FR1: support 256QAM for DL and 64QAM for UL
-	Access: Direct DL/UL access between UE and gNB
And the cost reduction should be compared for R17 RedCap UEs and R18 RedCap UEs with the two cost reduction solutions. The detail configurations for FR1 are listed in the following Table 1, where R17 RedCap with the basic configuration such as 1Rx is considered. The reason is that R17 RedCap already support lower cost with only 1Rx, the cost reduction gain should be based on the low end R17 RedCap devices not the high end ones.
Then the cost reduction ratio is compared with reference NR devices for two R18 complexity solutions and R17 RedCap. When down selecting the R18 schemes, the additional cost reduction gain compared to R17 RedCap should be considered. 
Table 1: Evaluation configuration for R18 RedCap
	Parameters
	Reference NR device
	R17 RedCap
	R18 5MHz bandwidth
	R18 reduced peak data rate

	UE feature
	All mandatory Rel-15 features (with or without capability signaling)

	Number of RATs
	Single RAT

	Number of bands
	Operation in a single band at a time

	Maximum bandwidth
	100 MHz for DL and UL
	20MHz for DL and UL
	5MHz for DL and UL
	20MHz RF with restricted bandwidth for PDSCH and/or PUSCH   

	Antennas
	-	For FR1 FDD: 2Rx/1Tx
-	For FR1 TDD: 4Rx/1Tx
	-	For FR1 FDD: 1Rx/1Tx
-	For FR1 TDD: 1Rx/1Tx

	Power class
	PC3

	Processing time
	Capability 1
	Capability 1
	Case 1:Capability 1
Case 2: Relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI

	Modulation
	support 256QAM for DL and 64QAM for UL
	support 64QAM for DL and 64QAM for UL

	Duplex mode
	TDD, FDD
	TDD, HD-FDD

	Access
	Direct DL/UL access between UE and gNB


Since the reference NR devices configuration is reused, the cost breakdown for FR1 in Table 6.1-1 of TR38.875 is also reused, which is copied below in Table 2, and the RF-to-baseband cost ratio is also kept to be 40:60 for an FR1 UE.
Table 2 Detailed cost breakdown for the reference NR devices(same as Table 6.1-1 in TR38.875)
	Functional block
	FR1 FDD (2Rx)
	FR1 TDD (4Rx)

	RF

	Power amplifier 
	~25%
	~25% 

	Filters
	~10%
	~15%

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

	Duplexer / Switch
	~20%
	~5%

	Baseband

	ADC / DAC
	~10%
	~9%

	FFT/IFFT
	~4%
	~4%

	Post-FFT data buffering
	~10%
	~10%

	Receiver processing block
	~24%
	~29%

	LDPC decoding
	~10%
	~9%

	HARQ buffer
	~14%
	~12%

	DL control processing & decoder
	~5%
	~4%

	Synchronization / cell search block
	~9%
	~9%

	UL processing block
	~5%
	~5%

	MIMO specific processing blocks
	~9%
	~9%



· Alternative 2: take R17 RedCap device as reference. 
For this alternative, the baseline reference for cost reduction is based on R17 RedCap devices, the detail configuration for the reference R17 RedCap devices and R18 candidate solutions are the same as Table 1. 
However, the cost breakdown should be updated. Take FDD as example, with combination of complexity reduction techniques 20MHz, 1Rx, 1layer, HD-FDD typeA, the ratio of each RF part and BB part has been changed compared to reference NR devices. Seen from Table 7.8.2-1 of TR38.875(copied below), the RF cost metric and BB cost metric has been reduced to 53.2% and 25.6%, respectively. It can be concluded that the detail cost breakdown for both RF and BB will also be changed, although they are not captured in TR38.875 for combinations, and so will the RF-to-baseband cost ratio. To analyze the cost reduction of R18 RedCap solutions to R17 RedCap UE, the cost breakdown should be updated first, for example, the PA part may be no longer 25% of RF.
Table 7.8.2-1(TR38.875): Estimated relative device cost and estimated relative device cost reduction for UE complexity reduction technique(s) for FR1 FDD
	FR1 FDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	RF reduction
	BB reduction
	Total reduction

	20 MHz (instead of 100 MHz)
	97.7%
	48.4%
	68.1%
	2.3%
	51.6%
	31.9%

	1 layer (instead of 2 layers)
	100.0%
	79.3%
	87.6%
	0.0%
	20.7%
	12.4%

	1 layer, 1 Rx (instead of 2 layers, 2 Rx)
	74.2%
	55.9%
	63.2%
	25.8%
	44.1%
	36.8%

	HD-FDD type A (instead of FD-FDD)
	83.9%
	99.4%
	93.2%
	16.1%
	0.6%
	6.8%

	HD-FDD type B (instead of FD-FDD)
	77.3%
	99.2%
	90.4%
	22.7%
	0.8%
	9.6%

	Double N1 and N2
	100.0%
	90.5%
	94.3%
	0.0%
	9.5%
	5.7%

	DL 64QAM (instead of DL 256QAM)
	97.8%
	91.8%
	94.2%
	2.2%
	8.2%
	5.8%

	UL 16QAM (instead of UL 64QAM)
	97.1%
	98.3%
	97.8%
	2.9%
	1.7%
	2.2%

	20 MHz, 1 layer, 1 Rx
	67.5%
	25.8%
	42.5%
	32.5%
	74.2%
	57.5%

	20 MHz, 1 layer, 1 Rx, HD-FDD type A
	53.2%
	25.6%
	36.6%
	46.8%
	74.4%
	63.4%

	20 MHz, 1 layer, 1 Rx, DL 64QAM, UL 16QAM
	64.2%
	24.3%
	40.2%
	35.8%
	75.7%
	59.8%

	20 MHz, 1 layer, 1 Rx, double N1 and N2
	67.5%
	22.9%
	40.7%
	32.5%
	77.1%
	59.3%

	20 MHz, 1 layer, 1 Rx, DL 64QAM, UL 16QAM, double N1 and N2
	64.6%
	21.7%
	38.9%
	35.4%
	78.3%
	61.1%

	20 MHz, 1 layer, 1 Rx, DL 64QAM, UL 16QAM, HD-FDD type A, double N1 and N2
	50.2%
	21.4%
	32.9%
	49.8%
	78.6%
	67.1%

	20 MHz, 2 layers, 2 Rx, HD-FDD type A
	81.3%
	46.0%
	60.1%
	18.8%
	54.0%
	39.9%

	20 MHz, 2 layers, 2 Rx, double N1 and N2
	97.6%
	42.6%
	64.6%
	2.4%
	57.4%
	35.4%



Both alternatives can be used for evaluation, and down selection is better to be made during RAN1#109e. 
Proposal 1: Make down selection from the two alternatives for R18 cost reduction evaluation,
· Alternative 1: reuse the same reference NR device as R17 RedCap UE.
· Alternative 2: take R17 RedCap device as reference. 
Proposal 2: If R17 RedCap device is taken as reference, the detail cost breakdown for RF and baseband needs update.
[bookmark: _GoBack]Proposal 3: R17 RedCap with low end configuration such as 1Rx/1ayer, HD-FDD for FDD is taken as comparison baseline.  
3. Conclusions
In this contribution, considerations on reference configuration for complexity reduction evaluation of R18 RedCap are discussed, the following observation and proposals are made,
Observation: Whether both UE bandwidth reduction to 5MHz and reduced UE peak data rate can be selected or only one is down selected depends on not only the cost reduction, but also the performance impacts and specification effort to enable standalone deployment or coexistence with non-RedCap or R17 RedCap UEs.
Proposal 1: Make down selection from the two alternatives for R18 cost reduction evaluation,
· Alternative 1: reuse the same reference NR device as R17 RedCap UE.
· Alternative 2: take R17 RedCap device as reference. 
Proposal 2: If R17 RedCap device is taken as reference, the detail cost breakdown for RF and baseband needs update.
Proposal 3: R17 RedCap with low end configuration such as 1Rx/1ayer, HD-FDD for FDD is taken as comparison baseline.  
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