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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94e, a new SID on study on further NR RedCap UE complexity reduction [1] was agreed. Following objectives will be studied from RAN1 perspective,
	· [bookmark: _Hlk101868156]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
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.



In this contribution, we provide analysis on evaluation needs and assumptions for further NR RedCap. 
Discussion
The evaluation of further UE complexity reduction is based on Rel-17 evaluation methodology in TR38.875, as indicated in the SID. The evaluation shall take Rel-17 RedCap UEs as the reference and provide the potential additional complexity reduction of Rel-18 RedCap UEs over Rel-17 RedCap UEs. 
Table 1 and Table 2 provide initial evaluations on the complexity reduction for UE bandwidth reduction to 5MH in FR1, for FDD and TDD respectively. The methodology in TR38.875 is reused. Only complexity reduction in baseband is modeled. In practice, there will be complexity reduction in RF when reduced the BW from 20MHz to 5MHz. 
Table 1 Estimated relative device cost for further reduced maximum UE bandwidth, FR1 FDD
	Reduced UE bandwidth
	FR1 FDD
	FR1 FDD, 20MHz
	FR1, FDD, 5MHz

	RF: Power amplifier 
	25.0%
	24.1%
	24.1%

	RF: Filters
	10.0%
	10.0%
	10.0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	43.7%
	43.7%

	RF: Duplexer / Switch
	20.0%
	20.0%
	20.0%

	RF: Total relative cost
	100%
	97.7%
	97.7%

	BB: ADC / DAC
	10.0%
	2.8%
	0.9%

	BB: FFT/IFFT
	4.0%
	1.1%
	0.4%

	BB: Post-FFT data buffering
	10.0%
	2.3%
	0.6%

	BB: Receiver processing block
	24.0%
	9.1%
	4.3%

	BB: LDPC decoding
	10.0%
	3.8%
	1.8%

	BB: HARQ buffer
	14.0%
	4.2%
	1.6%

	BB: DL control processing & decoder
	5.0%
	4.5%
	4.5%

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

	BB: UL processing block
	5.0%
	3.4%
	2.8%

	BB: MIMO specific processing blocks
	9.0%
	8.2%
	8.2%

	BB: Total relative cost
	100%
	48.4%
	34.1%

	RF+BB: Total relative cost
	100%
	68.1%
	59.5%


Table 2 Estimated relative device cost for further reduced maximum UE bandwidth, FR1 TDD
	Reduced UE bandwidth
	FR1 FDD
	FR1 TDD, 20MHz
	FR1, TDD, 5MHz

	RF: Power amplifier 
	25.0%
	23.8%
	23.8%

	RF: Filters
	10.0%
	14.7%
	14.7%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	53.0%
	53.0%

	RF: Duplexer / Switch
	20.0%
	5.0%
	5.0%

	RF: Total relative cost
	100%
	96.4%
	96.4%

	BB: ADC / DAC
	10.0%
	2.0%
	0.5%

	BB: FFT/IFFT
	4.0%
	1.1%
	0.4%

	BB: Post-FFT data buffering
	10.0%
	2.1%
	0.6%

	BB: Receiver processing block
	24.0%
	9.9%
	5.1%

	BB: LDPC decoding
	10.0%
	3.5%
	1.6%

	BB: HARQ buffer
	14.0%
	3.3%
	1.1%

	BB: DL control processing & decoder
	5.0%
	3.7%
	3.7%

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

	BB: UL processing block
	5.0%
	3.7%
	3.1%

	BB: MIMO specific processing blocks
	9.0%
	8.4%
	8.4%

	BB: Total relative cost
	100%
	46.7%
	33.5%

	RF+BB: Total relative cost
	100%
	66.6%
	58.7%


From Table 1, it is observed that for FR1 FDD, compared with Rel-17 RedCap UEs with 20MHz BW, there is roughly ((68.1%-59.5%)/68.1%) = 12.6% further complexity reduction for 5MHz UE BW. The complexity reduction is roughly 11.9% for FR1 TDD. 
We have following proposal,
Proposal 1: The solutions for complexity reduction of Rel-18 RedCaps shall be evaluated by taking Rel-17 RedCap UEs as the reference. 
Besides the evaluation of complexity reduction, it might be helpful to also evaluate the potential power saving gain for the candidate solutions. As mentioned in our parallel contribution [2], if considering that most time the RedCap UEs would be in RRC idle/inactive state, reduction of scheduling BW of PDSCH/PUSCH might provide limited power saving gain over Rel.17 RedCap UEs. Comparatively, the power saving gain of reduced UE BW is expected to be higher. 
Proposal 2: RAN1 to discuss if it needs to evaluate and compare power saving gain of the candidate solutions for complexity reduction, given that different solution may provide different power gain. 

Conclusions
As a summary, we have the following proposals on evaluation needs and assumptions for further NR RedCap, 
Proposal 1: The solutions for complexity reduction of Rel-18 RedCaps shall be evaluated by taking Rel-17 RedCap UEs as the reference. 
Proposal 2: RAN1 to discuss if it needs to evaluate and compare power saving gain of the candidate solutions for complexity reduction, given that different solution may provide different power gain. 
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