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1	Introduction
[bookmark: _Toc67770514]The RAN1 work for the Rel-17 WI on support of reduced capability (RedCap) NR devices [1] is approaching completion. The potential for device cost reduction from the various device complexity reduction techniques was estimated as part of the preceding study item and documented in TR 38.875 [2]. The TR contains cost reduction estimates for several combinations of complexity reduction techniques. However, the TR lacks cost reduction estimates for some combinations that are made possible by the Rel-17 RedCap WI. For example, the TR lacks estimates for the simplest Rel-17 FR1 RedCap UE.
This contribution presents our cost reduction estimates for combinations of complexity reduction techniques that are made possible by the Rel-17 RedCap WI but missing in the TR. Detailed breakdowns of the estimates are provided in the attached spreadsheet which is on the same format as the spreadsheet used for collecting estimates during the study item [3]. If other companies are also willing to provide estimates, a CR towards the TR could perhaps be considered to add the missing information in the TR.
Furthermore, this contribution presents cost reduction estimates with detailed breakdowns for some of the further complexity reduction techniques that have been proposed for Rel-18 [4][5][6][7] and makes some observations based on these estimates.
2	Cost reduction estimates for Rel-17 FR1 RedCap
Clause 7.8 in TR 38.875 [2] presents estimated costs and estimated cost reductions for devices employing one or more of the studied UE complexity reduction techniques. The estimates are expressed as percentages relative to a reference device corresponding to the simplest Rel-15 NR UE, and they are averaged over results provided by several companies. FR1 results are captured in Table 7.8.2-1 for FDD and Table 7.8.2-2 for TDD.

TR 38.875 Table 7.8.2-1: 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%



TR 38.875 Table 7.8.2-2: Estimated relative device cost and estimated relative device cost reduction for UE complexity reduction technique(s) for FR1 TDD
	FR1 TDD 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)
	96.4%
	46.7%
	66.6%
	3.6%
	53.3%
	33.4%

	2 layers (instead of 4 layers)
	100.0%
	81.1%
	88.7%
	0.0%
	18.9%
	11.3%

	1 layer (instead of 4 layers)
	100.0%
	71.9%
	83.2%
	0.0%
	28.1%
	16.8%

	2 layers, 2 Rx (instead of 4 layers, 4 Rx)
	68.0%
	55.4%
	60.4%
	32.0%
	44.6%
	39.6%

	1 layer, 1 Rx (instead of 4 layers, 4 Rx)
	51.3%
	33.0%
	40.3%
	48.7%
	67.0%
	59.7%

	Double N1 and N2
	100.0%
	90.1%
	94.1%
	0.0%
	9.9%
	5.9%

	DL 64QAM (instead of DL 256QAM)
	96.2%
	92.1%
	93.7%
	3.8%
	7.9%
	6.3%

	UL 16QAM (instead of UL 64QAM)
	96.9%
	98.4%
	97.8%
	3.1%
	1.6%
	2.2%

	20 MHz, 1 layer, 1 Rx
	50.6%
	18.6%
	31.4%
	49.4%
	81.4%
	68.6%

	20 MHz, 1 layer, 1 Rx, DL 64QAM, UL 16QAM
	47.1%
	17.5%
	29.3%
	52.9%
	82.5%
	70.7%

	20 MHz, 1 layer, 1 Rx, double N1 and N2
	50.6%
	16.2%
	30.0%
	49.4%
	83.8%
	70.0%

	20 MHz, 1 layer, 1 Rx, DL 64QAM, UL 16QAM, double N1 and N2
	47.1%
	15.3%
	28.1%
	52.9%
	84.7%
	71.9%

	20 MHz, 2 layers, 2 Rx
	66.8%
	27.8%
	43.4%
	33.3%
	72.2%
	56.6%

	20 MHz, 2 layers, 2 Rx, DL 64QAM, UL 16QAM
	61.8%
	26.1%
	40.4%
	38.2%
	73.9%
	59.6%

	20 MHz, 2 layers, 2 Rx, double N1 and N2
	66.8%
	24.9%
	41.7%
	33.3%
	75.1%
	58.3%

	20 MHz, 2 layers, 2 Rx, DL 64QAM, UL 16QAM, double N1 and N2
	61.8%
	23.7%
	38.9%
	38.2%
	76.3%
	61.1%



The complexity reduction techniques that are part of the Rel-17 RedCap WI scope [1] are:
· Reduced maximum UE bandwidth (20 MHz for FR1, 100 MHz for FR2)
· Reduced minimum number of Rx branches (1 or 2)
· Reduced maximum number of DL MIMO layers (same as number of Rx branches)
· Relaxed maximum modulation order (DL 256QAM is optional instead of mandatory in FR1)
· Half-duplex FDD operation (i.e., full-duplex FDD operation is optional instead of mandatory in FDD)
For FR1 FDD, the following combinations of complexity reduction techniques are possible in Rel-17:
· 20 MHz, 1 layer, 1 Rx (present in Table 7.8.2-1)
· 20 MHz, 1 layer, 1 Rx, DL 64QAM (missing in Table 7.8.2-1)
· 20 MHz, 1 layer, 1 Rx, HD-FDD (present in Table 7.8.2-1)
· 20 MHz, 1 layer, 1 Rx, DL 64QAM, HD-FDD (missing in Table 7.8.2-1)
· 20 MHz, 2 layers, 2 Rx (missing in Table 7.8.2-1)
· 20 MHz, 2 layers, 2 Rx, DL 64QAM (missing in Table 7.8.2-1)
· 20 MHz, 2 layers, 2 Rx, HD-FDD (present in Table 7.8.2-1)
· 20 MHz, 2 layers, 2 Rx, DL 64QAM, HD-FDD (missing in Table 7.8.2-1)
For FR1 TDD, the following combinations of complexity reduction techniques are possible in Rel-17:
· 20 MHz, 1 layer, 1 Rx (present in Table 7.8.2-2)
· 20 MHz, 1 layer, 1 Rx, DL 64QAM (missing in Table 7.8.2-2)
· 20 MHz, 2 layers, 2 Rx (present in Table 7.8.2-2)
· 20 MHz, 2 layers, 2 Rx, DL 64QAM (missing in Table 7.8.2-2)
In order to provide a more complete picture of the potential cost reduction that can be achieved in Rel-17, estimates for the missing combinations for FR1 have been added in spreadsheet included in this contribution. The new combinations are highlighted in the spreadsheet, and the estimates are summarized in Table 1 and Table 2. Note that since these numbers are only based on estimates from one source (Ericsson), they differ somewhat from the numbers in the TR tables which are averaged across multiple sources.

[bookmark: _Ref84015571]Table 1: Estimated relative device cost and estimated relative device cost reduction for UE complexity reduction technique(s) for FR1 FDD for Rel-17 RedCap UE
	FR1 FDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	RF reduction
	BB reduction
	Total reduction

	20 MHz, 1 layer, 1 Rx (present in Table 7.8.2-1)
	83.2%
	21.6%
	46.2%
	16.8%
	78.4%
	53.8%

	20 MHz, 1 layer, 1 Rx, DL 64QAM (missing in Table 7.8.2-1)
	81.6%
	20.4%
	44.9%
	18.4%
	79.6%
	55.1%

	20 MHz, 1 layer, 1 Rx, HD-FDD (present in Table 7.8.2-1)
	67.2%
	21.0%
	39.5%
	32.8%
	79.0%
	60.5%

	20 MHz, 1 layer, 1 Rx, DL 64QAM, HD-FDD (missing in Table 7.8.2-1)
	65.6%
	19.8%
	38.1%
	34.4%
	80.2%
	61.9%

	20 MHz, 2 layers, 2 Rx (missing in Table 7.8.2-1)
	100.0%
	43.4%
	66.0%
	0.0%
	56.6%
	34.0%

	20 MHz, 2 layers, 2 Rx, DL 64QAM (missing in Table 7.8.2-1)
	97.8%
	41.0%
	63.7%
	2.2%
	59.0%
	36.3%

	20 MHz, 2 layers, 2 Rx, HD-FDD (present in Table 7.8.2-1)
	84.0%
	42.4%
	59.1%
	16.0%
	57.6%
	40.9%

	20 MHz, 2 layers, 2 Rx, DL 64QAM, HD-FDD (missing in Table 7.8.2-1)
	81.8%
	40.1%
	56.8%
	18.2%
	59.9%
	43.2%



[bookmark: _Ref84015573]Table 2: Estimated relative device cost and estimated relative device cost reduction for UE complexity reduction technique(s) for FR1 TDD for Rel-17 RedCap UE
	FR1 TDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	RF reduction
	BB reduction
	Total reduction

	20 MHz, 1 layer, 1 Rx (present in Table 7.8.2-2)
	66.3%
	14.1%
	34.9%
	33.7%
	85.9%
	65.1%

	20 MHz, 1 layer, 1 Rx, DL 64QAM (missing in Table 7.8.2-2)
	64.7%
	13.5%
	34.0%
	35.3%
	86.5%
	66.0%

	20 MHz, 2 layers, 2 Rx (present in Table 7.8.2-2)
	77.5%
	25.2%
	46.1%
	22.5%
	74.8%
	53.9%

	20 MHz, 2 layers, 2 Rx, DL 64QAM (missing in Table 7.8.2-2)
	75.6%
	24.0%
	44.6%
	24.4%
	76.0%
	55.4%



Based on these estimates, some observations can be made.
[bookmark: _Toc87059828]For FR1 FDD, the estimated cost reduction for the simplest Rel-17 RedCap UE (20 MHz, 1 layer, 1 Rx, DL 64QAM, HD-FDD) is 61.9% relative to the reference Rel-15 NR device.
[bookmark: _Toc87059829]For FR1 TDD, the estimated cost reduction for the simplest Rel-17 RedCap UE (20 MHz, 1 layer, 1 Rx, DL 64QAM) is 66.0% relative to the reference Rel-15 NR device.

3	Cost reduction estimates for potential further complexity reduction techniques
In the discussion about potential RedCap evolution in Rel-18, techniques for further UE complexity reduction for FR1 have been proposed [4][5][6][7]. The main proposal is a further UE bandwidth reduction from 20 MHz to 5 MHz. In our cost reduction estimation, we have considered the following options for further UE bandwidth reduction:
· Reduction of UE bandwidth to 5 MHz in both the RF and baseband (BB) parts, referred to as “5 MHz” in the spreadsheet
· Reduction of UE bandwidth to 5 MHz in the BB processing for DL and UL data channels only, referred to as “5 MHz BB” in the spreadsheet
· Reduction of UE bandwidth to 5 MHz in the BB processing for DL data channels only, referred to as “5 MHz BB DL” in the spreadsheet
The new cases are highlighted in the spreadsheet, and the estimates are summarized in Table 3 and Table 4.

[bookmark: _Ref84016402]Table 3: Estimated relative device cost and estimated relative device cost reduction for potential further 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
	Total reduction compared to simplest Rel-17 RedCap UE

	5 MHz (instead of 100 MHz)
	100%
	31.2%
	58.7%
	0.0%
	68.8%
	41.3%
	-54.1%

	5 MHz BB (instead of 100 MHz)
	100%
	34.2%
	60.5%
	0.0%
	65.8%
	39.5%
	-58.8%

	5 MHz BB DL (instead of 100 MHz)
	100%
	34.9%
	60.9%
	0.0%
	65.1%
	39.1%
	-60%

	5 MHz, 1 layer, 1 Rx
	83.2%
	14.5%
	42.0%
	16.8%
	85.5%
	58.0%
	-10.2%

	5 MHz BB, 1 layer, 1 Rx
	83.2%
	16.4%
	43.1%
	16.8%
	83.6%
	56.9%
	-13.1%

	5 MHz BB DL, 1 layer, 1 Rx
	83.2%
	17.2%
	43.6%
	16.8%
	82.8%
	56.4%
	-14.4%

	5 MHz, 1 layer, 1 Rx, DL 64QAM, HD-FDD
	65.6%
	14.0%
	34.6%
	34.4%
	86.0%
	65.4%
	9.2%

	5 MHz BB, 1 layer, 1 Rx, DL 64QAM, HD-FDD
	65.6%
	15.4%
	35.5%
	34.4%
	84.6%
	64.5%
	6.8%

	5 MHz BB DL, 1 layer, 1 Rx, DL 64QAM, HD-FDD
	65.6%
	16.1%
	35.9%
	34.4%
	83.9%
	64.1%
	5.8%

	5 MHz, 2 layers, 2 Rx 
	100%
	31.2%
	58.7%
	0.0%
	68.8%
	41.3%
	-54%



[bookmark: _Ref84016404]Table 4: Estimated relative device cost and estimated relative device cost reduction for potential further UE complexity reduction technique(s) for FR1 TDD
	FR1 TDD UE complexity reduction technique(s)
	RF cost metric
	BB cost metric
	Total cost metric
	RF reduction
	BB reduction
	Total reduction
	Total reduction compared to simplest Rel-17 RedCap UE

	5 MHz (instead of 100 MHz)
	100.0%
	30.6%
	58.3%
	0.0%
	69.4%
	41.7%
	-71.4%

	5 MHz BB (instead of 100 MHz)
	100.0%
	33.4%
	60.0%
	0.0%
	66.6%
	40.0%
	-76.4%

	5 MHz BB DL (instead of 100 MHz)
	100.0%
	34.2%
	60.5%
	0.0%
	65.8%
	39.5%
	-77.9%

	5 MHz, 1 layer, 1 Rx
	66.3%
	9.8%
	32.4%
	33.7%
	90.2%
	67.6%
	4.7%

	5 MHz BB, 1 layer, 1 Rx
	66.3%
	10.8%
	33.0%
	33.7%
	89.2%
	67.0%
	2.9%

	5 MHz BB DL, 1 layer, 1 Rx
	66.3%
	11.6%
	33.4%
	33.7%
	88.4%
	66.6%
	1.8%

	5 MHz, 1 layer, 1 Rx, DL 64QAM
	64.7%
	9.6%
	31.6%
	35.3%
	90.4%
	68.4%
	7.1%

	5 MHz BB, 1 layer, 1 Rx, DL 64QAM
	64.7%
	10.5%
	32.2%
	35.3%
	89.5%
	67.8%
	5.3%

	5 MHz BB DL, 1 layer, 1 Rx, DL 64QAM
	64.7%
	11.3%
	32.7%
	35.3%
	88.7%
	67.3%
	3.8%

	5 MHz, 1 layer, 1 Rx, DL 64QAM, double N1 and N2
	64.7%
	9.2%
	31.4%
	35.3%
	90.8%
	68.6%
	7.6%

	5 MHz, 2 layers, 2 Rx
	77.5%
	18.2%
	41.9%
	22.5%
	81.8%
	58.1%
	-23.2%



Based on these estimates, some observations can be made.
[bookmark: _Toc87059830]The estimated cost reduction from further UE bandwidth reduction to 5 MHz is up to 9.2% for FDD and up to 7.1% for TDD compared to the simplest Rel-17 RedCap UE.
Comparing the RF cost metrics in Table 1 through Table 4, is can be concluded that there is no significant further cost reduction in the RF part from further UE bandwidth reduction and that the potential further cost reduction is in the BB part.
[bookmark: _Toc87059831]The estimated cost reduction from further UE bandwidth reduction to 5 MHz is in the BB part, i.e., there is no significant further cost reduction in the RF part.
[bookmark: _Toc87059832]The estimated cost reduction from further UE bandwidth reduction to 5 MHz in BB processing for DL and UL data channels only is up to 6.8% for FDD and up to 5.3% for TDD compared to the simplest Rel-17 RedCap UE.
[bookmark: _Toc87059833]The estimated cost reduction from further UE bandwidth reduction to 5 MHz in BB processing for DL data channels only is up to 5.8% for FDD and up to 3.8% for TDD compared to the simplest Rel-17 RedCap UE.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	For FR1 FDD, the estimated cost reduction for the simplest Rel-17 RedCap UE (20 MHz, 1 layer, 1 Rx, DL 64QAM, HD-FDD) is 61.9% relative to the reference Rel-15 NR device.
Observation 2	For FR1 TDD, the estimated cost reduction for the simplest Rel-17 RedCap UE (20 MHz, 1 layer, 1 Rx, DL 64QAM) is 66.0% relative to the reference Rel-15 NR device.
Observation 3	The estimated cost reduction from further UE bandwidth reduction to 5 MHz is up to 9.2% for FDD and up to 7.1% for TDD compared to the simplest Rel-17 RedCap UE.
Observation 4	The estimated cost reduction from further UE bandwidth reduction to 5 MHz is in the BB part, i.e., there is no significant further cost reduction in the RF part.
Observation 5	The estimated cost reduction from further UE bandwidth reduction to 5 MHz in BB processing for DL and UL data channels only is up to 6.8% for FDD and up to 5.3% for TDD compared to the simplest Rel-17 RedCap UE.
Observation 6	The estimated cost reduction from further UE bandwidth reduction to 5 MHz in BB processing for DL data channels only is up to 5.8% for FDD and up to 3.8% for TDD compared to the simplest Rel-17 RedCap UE.
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