3GPP TSG RAN Rel-18 workshop                                       RWS-210409
Electronic Meeting, June 28 - July 2, 2021	

[bookmark: _GoBack]Source:	CATT
[bookmark: Title]Title:	On RedCap enhancements in Rel-18
[bookmark: Source]Agenda Item:	4.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
In Rel-17, NR supports reduced capability (i.e. RedCap) UE to accommodate the commercial need of mid-range use cases. The most outstanding RedCap features are the reduced maximum UE bandwidth and the reduced minimum number of Rx branches [1], which contributes significant cost/complexity reduction to the UE. Though the Rel-17 normative work has not been finished yet, it is still worth to consider the potential evolution for RedCap UE in the future. 
In this paper, we provide our views and analyses on the further enhancement for RedCap UE in Rel-18. 
Discussion
Further UE complexity reduction
In Rel-17, the maximum bandwidth of an FR1 RedCap UE during and after initial access is 20MHz. One potential enhancement for RedCap in Rel-18 is to support a smaller UE bandwidth for FR1, e.g. 5MHz or 10MHz, to further reduce the UE complexity.
Based on the evaluation methodology in Rel-17 SI, the preliminary complexity reductions of FR1 RedCap UEs of 5MHz and 10MHz relative to a reference NR UE are shown in Table 1 and Table 2 for FDD and TDD respectively.
[bookmark: _Ref73723344]Table 1: FDD UE complexity reduction analysis for FR1
	Reduced UE bandwidth
	Breakdown
	FR1, FDD

	
	
	100 MHz → 20 MHz (Rel-17, TR 38.875)
	100 MHz → 10 MHz
	100 MHz → 5 MHz

	RF: Power amplifier 
	25.0%
	24.1%
	24.1%
	24.1%

	RF: Filters
	10.0%
	10.0%
	10.0%
	10.0%

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

	RF: Duplexer / Switch
	20.0%
	20.0%
	20.0%
	20.0%

	RF: Total
	100.0%
	97.7%
	97.7%
	97.7%

	BB: ADC / DAC
	10.0%
	2.8%
	1.5%
	0.8%

	BB: FFT/IFFT
	4.0%
	1.1%
	0.6%
	0.3%

	BB: Post-FFT data buffering
	10.0%
	2.3%
	1.2%
	0.6%

	BB: Receiver processing block
	24.0%
	9.1%
	6.4%
	4.5%

	BB: LDPC decoding
	10.0%
	3.8%
	2.9%
	2.0%

	BB: HARQ buffer
	14.0%
	4.2%
	3.1%
	2.1%

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

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

	BB: UL processing block
	5.0%
	3.4%
	3.1%
	2.8%

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

	BB: Total
	100.0%
	48.4%
	40.5%
	34.8%

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	68.1%
	63.4%
	60.0%



[bookmark: _Ref73723406]Table 2: TDD UE complexity reduction analysis for FR1
	Reduced UE bandwidth
	Breakdown
	FR1, TDD

	
	
	100 MHz → 20 MHz (Rel-17, TR 38.875)
	100 MHz → 10 MHz
	100 MHz → 5 MHz

	RF: Power amplifier 
	25.0%
	23.8%
	23.8%
	23.8%

	RF: Filters
	15.0%
	14.7%
	14.7%
	14.7%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	55.0%
	53.0%
	53.0%
	53.0%

	RF: Duplexer / Switch
	5.0%
	5.0%
	5.0%
	5.0%

	RF: Total
	100.0%
	96.4%
	96.4%
	96.4%

	BB: ADC / DAC
	9.0%
	2.0%
	1.1%
	0.6%

	BB: FFT/IFFT
	4.0%
	1.1%
	0.6%
	0.3%

	BB: Post-FFT data buffering
	10.0%
	2.1%
	1.1%
	0.6%

	BB: Receiver processing block
	29.0%
	9.9%
	6.9%
	4.9%

	BB: LDPC decoding
	9.0%
	3.5%
	2.6%
	2.0%

	BB: HARQ buffer
	12.0%
	3.3%
	2.4%
	1.7%

	BB: DL control processing & decoder
	4.0%
	3.7%
	3.7%
	3.7%

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

	BB: UL processing block
	5.0%
	3.7%
	3.4%
	3.1%

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

	BB: Total
	100.0%
	46.7%
	39.2%
	34.3%

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	66.6%
	62.1%
	59.1%


 
Observation 1: With reference to Rel-15/16 NR UEs, the additional complexity reductions from 20MHz to 10MHz and 5MHz are 4.7% and 8.1% for FDD and 4.5% and 7.5% for TDD.
Compared with Rel-17 RedCap UE, taking FDD 10MHz bandwidth as an example, the complexity reduction can be roughly calculated as (68.1%-63.4%)/68.1%=6.9%, although the complexity breakdown may be slightly changed for Rel-17 RedCap UE.
Observation 2: With reference to Rel-17 RedCap UEs, the additional complexity reductions from 20MHz to 10MHz and 5MHz are about 6.9% and 11.89% for FDD and 6.76% and 11.26% for TDD.
In addition, it is noted that if a smaller bandwidth RedCap UE is introduced in Rel-18, the market will be fragmented so that the economy of scale is negatively impacted.

A RedCap UE with smaller UE bandwidth than 20MHz in FR1 may potentially impact the initial access. The bandwidth of SSB is 3.6MHz and 7.2MHz respectively for 15kHz and 30kHz SCS configurations respectively. It is obvious that for a UE with 5MHz, existing NR SSB with 30kHz SCS cannot be received by the UE.
Observation 3: 5MHz cannot accommodate existing NR SSB with 30kHz SCS.
The following table summarizes the number of {SSB, CORESET#0} configurations in current TS 38.213 that are available to 10 MHz or 5 MHz UEs. Note that if SSB or CORESET#0 cannot be fully contained within the UE bandwidth, it is regarded as unavailable. The detailed statistic can be found in the appendix.
Table 3: number of available configurations of SSB&CORESET#0 for 10/5MHz BW UEs
	SSB&CORESET#0 configuration
	Number of configurations
	Maximum UE Bandwidth = 10 MHz
	Maximum UE Bandwidth = 5 MHz

	
	
	Available number
	Available ratio
	Available number
	Available ratio

	Table 13-1
	15
	12
	80%
	6
	40%

	Table 13-1A
	8
	0
	0%
	0
	0%

	Table 13-2
	14
	8
	57.1%
	0
	0%

	Table 13-3
	9
	6
	66.7%
	0
	0%

	Table 13-4
	16
	10
	62.5%
	0
	0%

	Table 13-4A
	8
	0
	0%
	0
	0%

	Table 13-5
	9
	3
	33.3%
	0
	0%

	Table 13-6
	10
	4
	40%
	0
	0%

	Total (excl. shared spectrum channel access)
	73
	43
	58.9%
	6
	8.2%

	Total
	89
	43
	48.3%
	6
	6.7%



It is observed that for a 10/5 MHz bandwidth UE, none of the existing SSB&CORESET#0 configuration is available for frequency bands operated with shared spectrum channel access. For other frequency bands, the ratio of the number of configurations that are available for 10MHz and 5MHz bandwidth UEs are 58.9% and 8.2% respectively.
Observation 4: for a 10/5 MHz bandwidth UE, none of the existing SSB&CORESET#0 configuration is available for frequency bands operated with shared spectrum channel access. For other frequency bands, the ratio of the number of configurations that are available for 10MHz and 5MHz bandwidth UEs are 58.9% and 8.2% respectively.
Based on the above analysis, whether to further reduce the UE bandwidth needs to be discussed taking the benefit in terms of UE complexity reduction and the impact on initial access into account.
Proposal 1: Discuss whether to support 10 and/or 5MHz RedCap UE in Rel-18.

UE power saving
There are Rel-16 and Rel-17 UE power saving WIs, which can be applied to RedCap UE devices when applicable. In addition, in Rel-17 RedCap WI, extended DRX enhancement and RRM relaxations for neighboring cells are supported for UE power saving. 
Given that power saving is an important aspect for RedCap devices, further enhancements can be considered.
Proposal 2: Discuss the potential UE power saving enhancements for RedCap devices for Rel-18.

Support of various features for RedCap UEs
In general, it is desirable that RedCap UEs can support as many other features as possible in order to broaden the use cases. It is our view that one of the important features is positioning. As discussed in our companion contribution [3], there is no study related to RedCap positioning in Rel-17. For supporting RedCap UE positioning, we envision there is no significant changes in existing positioning architecture and resolutions. There may have some impact on signalling, protocol, message, and procedures. The main issues that may need to be considered include the impacts of the reduced complexity on the of NR positioning coverage and performance and whether there is a need to have further enhancement in the physical layer to support RedCap positioning, including the configuration of the DL PRS and UL SRS for positioning, the physical layer procedures, the UE capability, etc. It is proposed to support NR positioning for RedCap UEs in Rel-18.
[bookmark: p3]Proposal 3: NR positioning for RedCap UEs should be supported in Rel-18.

Conclusion
In this contribution, we provide our views on potential RedCap enhancements with the following observations and proposals.
Observation 1: With reference to Rel-15/16 NR UEs, the additional complexity reductions from 20MHz to 10MHz and 5MHz are 4.7% and 8.1% for FDD and 4.5% and 7.5% for TDD.
Observation 2: With reference to Rel-17 RedCap UEs, the additional complexity reductions from 20MHz to 10MHz and 5MHz are about 6.9% and 11.89% for FDD and 6.76% and 11.26% for TDD.
Observation 3: 5MHz cannot accommodate existing NR SSB with 30kHz SCS.
Observation 4: for a 10/5 MHz bandwidth UE, none of the existing SSB&CORESET#0 configuration is available for frequency bands operated with shared spectrum channel access. For other frequency bands, the ratio of the number of configurations that are available for 10MHz and 5MHz bandwidth UEs are 58.9% and 8.2% respectively.

Proposal 1: Discuss whether to support 10 and/or 5MHz RedCap UE in Rel-18.
Proposal 2: Discuss the potential UE power saving enhancements for RedCap devices for Rel-18.
Proposal 3: NR positioning for RedCap UEs should be supported in Rel-18.
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Appendix
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1 
	24 
	2 
	0 
	Y
	Y

	1
	1 
	24 
	2 
	2 
	Y
	Y

	2
	1 
	24 
	2 
	4 
	Y
	Y

	3
	1 
	24 
	3 
	0 
	Y
	Y

	4
	1 
	24 
	3 
	2 
	Y
	Y

	5
	1 
	24 
	3 
	4 
	Y
	Y

	6
	1 
	48 
	1 
	12 
	Y
	N

	7
	1 
	48 
	1 
	16 
	Y
	N

	8
	1 
	48 
	2 
	12 
	Y
	N

	9
	1 
	48 
	2 
	16 
	Y
	N

	10
	1 
	48 
	3 
	12 
	Y
	N

	11
	1 
	48 
	3 
	16 
	Y
	N

	12
	1 
	96 
	1 
	38 
	N
	N

	13
	1 
	96 
	2 
	38 
	N
	N

	14
	1 
	96 
	3 
	38 
	N
	N

	15
	Reserved



Table 13-1A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands operated with shared spectrum channel access
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1 
	96
	1
	10
	N
	N

	1
	1 
	96
	1
	12
	N
	N

	2
	1
	96
	1
	14
	N
	N

	3
	1
	96
	1
	16
	N
	N

	4
	1
	96
	2
	10
	N
	N

	5
	1
	96
	2
	12
	N
	N

	6
	1
	96
	2
	14
	N
	N

	7
	1
	96
	2
	16
	N
	N

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1
	24
	2
	5
	Y
	N

	1
	1
	24
	2
	6
	Y
	N

	2
	1
	24
	2
	7
	Y
	N

	3
	1
	24
	2
	8
	Y
	N

	4
	1
	24
	3
	5
	Y
	N

	5
	1
	24
	3
	6
	Y
	N

	6
	1
	24
	3
	7
	Y
	N

	7
	1
	24
	3
	8
	Y
	N

	8
	1
	48
	1
	18
	N
	N

	9
	1
	48
	1
	20
	N
	N

	10
	1
	48
	2
	18
	N
	N

	11
	1
	48
	2
	20
	N
	N

	12
	1
	48
	3
	18
	N
	N

	13
	1
	48
	3
	20
	N
	N

	14
	Reserved

	15
	Reserved



Table 13-3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1
	48
	1
	2
	Y
	N

	1
	1
	48
	1
	6
	Y
	N

	2
	1
	48
	2
	2
	Y
	N

	3
	1
	48
	2
	6
	Y
	N

	4
	1
	48
	3
	2
	Y
	N

	5
	1
	48
	3
	6
	Y
	N

	6
	1
	96
	1
	28
	N
	N

	7
	1
	96
	2
	28
	N
	N

	8
	1
	96
	3
	28
	N
	N

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1 
	24
	2
	0
	Y
	N

	1
	1 
	24
	2
	1
	Y
	N

	2
	1 
	24
	2
	2
	Y
	N

	3
	1 
	24
	2
	3
	Y
	N

	4
	1 
	24
	2
	4
	Y
	N

	5
	1 
	24
	3
	0
	Y
	N

	6
	1 
	24
	3
	1
	Y
	N

	7
	1 
	24
	3
	2
	Y
	N

	8
	1 
	24
	3
	3
	Y
	N

	9
	1 
	24
	3
	4
	Y
	N

	10
	1 
	48
	1
	12
	N
	N

	11
	1 
	48
	1
	14
	N
	N

	12
	1 
	48
	1
	16
	N
	N

	13
	1 
	48
	2
	12
	N
	N

	14
	1 
	48
	2
	14
	N
	N

	15
	1 
	48
	2
	16
	N
	N



Table 13-4A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands operated with shared spectrum channel access
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1 
	48
	1
	0
	N
	N

	1
	1 
	48
	1
	1
	N
	N

	2
	1
	48
	1
	2
	N
	N

	3
	1
	48
	1
	3
	N
	N

	4
	1
	48
	2
	0
	N
	N

	5
	1
	48
	2
	1
	N
	N

	6
	1
	48
	2
	2
	N
	N

	7
	1
	48
	2
	3
	N
	N

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1
	48
	1
	4
	Y
	N

	1
	1
	48
	2
	4
	Y
	N

	2
	1
	48
	3
	4
	Y
	N

	3
	1
	96
	1
	0
	N
	N

	4
	1
	96
	1
	56
	N
	N

	5
	1
	96
	2
	0
	N
	N

	6
	1
	96
	2
	56
	N
	N

	7
	1
	96
	3
	0
	N
	N

	8
	1
	96
	3
	56
	N
	N

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 
	Max UE Bandwidth = 10 MHz
	Max UE Bandwidth = 5 MHz

	0
	1
	24
	2
	0
	Y
	N

	1
	1
	24
	2
	4
	Y
	N

	2
	1
	24
	3
	0
	Y
	N

	3
	1
	24
	3
	4
	Y
	N

	4
	1
	48
	1
	0
	N
	N

	5
	1
	48
	1
	28
	N
	N

	6
	1
	48
	2
	0
	N
	N

	7
	1
	48
	2
	28
	N
	N

	8
	1
	48
	3
	0
	N
	N

	9
	1
	48
	3
	28
	N
	N

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved
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