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Introduction
With the conclusion of Rel-18 RedCap study item in [1], a work item on further NR UE complexity reduction was approved with the following objectives in [2]: 
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



UE baseband bandwidth reduction 
At RAN #97e, the following proposal was agreed [3]. In this section, we share our understanding of the definition of the UE BB bandwidth reduction for Rel-18 eRedCap UEs. 
	Proposal:
Approve the WID in RP-222612 (Inbox, Docs), with the understanding that the exact definition of the
UE BB bandwidth reduction will be revisited in RAN1.



PDSCH transmission bandwidth
Based on the coverage evaluation results in Table 8.2.1-7 of TR 38.865 [1], when SIB1 is transmitted with a bandwidth larger than 5MHz (e.g. 48 PRBs) but a Rel-18 eRedCap UE only receives 5MHz of it, a link performance loss of 11.24dB is observed in Urban scenario at 2.6GHz with 30kHz SCS compared with Rel-17 RedCap UE. The reason is that a huge portion of SIB1 has been truncated at the UE receiver side. By confining SIB1 transmission bandwidth to 5MHz, a Rel-18 eRedCap UE can receive and decode the entire SIB1 message without truncation. The link performance is hence improved by 2.24dB. However, this still results in a performance degradation of 9dB due to the increase of MCS compared with Rel-17 RedCap UE. In addition, the 2.24dB improvement is at the cost of a dedicated SIB1 transmission which increases system’s overhead. 
[bookmark: _Ref115497471]Observation 1: In Urban scenario at 2.6GHz with 30kHz SCS, link performance degradation of SIB1 compared to Rel-17 RedCap UE is about (1) 11.24 dB when SIB1 transmission BW is larger than 5MHz, and is about (2) 9 dB when SIB1 is confined within 5MHz. 

Taking the coexistence with non-RedCap UEs and Rel-17 RedCap UEs into consideration, as agreed in the WID, we propose that the transmission bandwidth of PDSCH shall not be confined to 5MHz. Furthermore, from gNB’s perspective, the transmission bandwidth of PDSCH for Rel-18 eRedCap UEs is allowed up to 20MHz. 
[bookmark: _Ref115497499]Proposal 1: Clarify that “5MHz BB bandwidth” at UE does not suggest the bandwidth span of PDSCH transmitted at gNB is confined within 5MHz. 
[bookmark: _Ref115474144][bookmark: _Ref115497518]Proposal 2: From gNB’s perspective, transmission bandwidth of PDSCH can be up to 20MHz for Rel-18 eRedCap UEs. 

UE BB bandwidth(s)
Though the UE baseband bandwidth is agreed to be reduced to 5MHz for data channels PDSCH and PUSCH; however, for other signals/channels, the maximum UE bandwidth for both baseband and RF is still assumed to be 20MHz for Rel-18 eRedCap UEs. Since UE is expected to receive and process PDCCH, it is reasonable to assume the post-FFT data buffering size remains 20MHz at least for the first several symbols of a slot. How much complexity reduction in terms of the post-FFT data buffering reduction in the remaining symbols in a slot requires some further discussion in RAN1. For example, it should be clarified whether UE can know which 5MHz in a BWP is to be scheduled before a scheduling PDCCH is decoded. In addition, since CSI-RS can be transmitted in symbols latter than the first three symbols, it is reasonable for UE to have a post-FFT data buffering size of 20MHz for all the symbols in a slot. Furthermore, if we take dual-mode support for NR and LTE into consideration, it implies the Rel-18 eRedCap UE will likely be capable of receiving and buffering 20MHz of signal for all symbols in a slot. In other words, we can say that the UE reception bandwidth for Rel-18 RedCap UE is assumed to be 20MHz for all symbols in a slot. As to the “UE BB bandwidth reduction to 5MHz” in the WID, it can be considered as the UE processing bandwidth reduction. What we mean by UE processing bandwidth is the number of resource elements (REs) that UE can process within a slot which can be different from UE reception bandwidth. 
[bookmark: _Ref115497525]Proposal 3: Rel-18 eRedCap UEs can receive and buffer 20MHz of signals for all symbols in a slot. In other words, the UE reception bandwidth for Rel-18 RedCap UE is 20MHz for all symbols in a slot.
[bookmark: _Ref115497532]Proposal 4: Clarify that “UE BB bandwidth” in the WID refers to UE processing bandwidth which represents the number of REs that UE can process in a slot. 
Proposed UE reception schemes
Since both the UE’s RF bandwidth and post-FFT data buffering can support up to 20MHz, it implies the maximum “UE reception bandwidth” is 20MHz so that UE can receive and buffer PDSCH of 20MHz. Therefore, as illustrated in Figure 1, two UE reception schemes can be considered when the UE processing bandwidth is reduced to 5MHz per slot. In UE reception scheme 1 as illustrated in the left-hand side of Figure 1, the transmission bandwidth of PDSCH is confined within 5MHz to accommodate UE’s baseband processing capability. In the UE reception scheme 2 as illustrated in the right-hand side of Figure 1, the transmission bandwidth of PDSCH can be up to 20MHz. Note that in both schemes, UE is expected to be able to receive and process PDCCH with a bandwidth up to 20MHz. Also note that in the second UE reception scheme, UE can still receive and buffer a PDSCH of 20MHz (i.e. with a reception bandwidth of 20MHz). However, because the UE processing bandwidth is reduced to 5MHz, UE should be allowed with more slots to process a 20MHz PDSCH received in a slot. In the second scheduling scheme, once UE has received a PDSCH scheduled in slot n, UE is not required to receive another PDSCH in the following three slots, i.e. slots n+1 to n+3 and hence it can turn off it RF for saving power.
[bookmark: _Ref115497547]Proposal 5: Support both UE reception schemes 1 and 2: 
· In UE reception scheme1, PDSCH transmission bandwidth is confined to UE’s processing bandwidth of 5MHz. 
· In UE reception scheme 2, PDSCH transmission bandwidth can be wider than UE’s processing bandwidth. Once UE receives a PDSCH, UE can turn of its RF for power saving in the following N slots. FFS: N. 

[image: ]
[bookmark: _Ref115450055]Figure 1: Illustration of the two proposed UE reception schemes

Analysis of UE power consumption for the proposed reception schemes
In this sub-section, system-level (SLS) evaluations on power consumption with the two proposed UE reception schemes are conducted. See Figure 1 for illustrations of the two proposed UE reception schemes. To analyze the power consumption under different UE reception schemes, we also provide the derivation of power states with data BB bandwidth reduction which can be found in Appendix A. 
Table 1 compares the evaluation results of the two proposed UE reception schemes. It can be observed that UE reception scheme 2 can provide significant power saving gain w.r.t scheme 1, especially in DRX setting 2. Compared to the DRX setting suggested in TR38.840 [4], a setting with shorter inactivity timer highlight the benefit provided by UE reception scheme 2. A significant power saving gain (22.7%~50.5%) is observed if the UE is configured with UE reception scheme 2. Thus, we have the following observations.
[bookmark: _Ref115497478]Observation 2: UE reception scheme 2 has higher power saving gain than UE reception scheme 1 in the evaluated scenarios. 
[bookmark: _Ref115497486]Observation 3: UE power saving gain can be further enhanced significantly if UE reception scheme 2 is configured with other power saving methods. (e.g., a short inactivity timer)

[bookmark: _Ref115429367][bookmark: _Ref115440781]Table 1: UE power consumption evaluation of the two proposed UE reception schemes in different scenarios 
	Traffic 
	Instant Messaging (IM)

	Power (unit)
	DRX setting 1: Value from TR38.840
(period, on-duration, inactivity timer)  
= (320, 10, 80) msec
	DRX setting 2: Reduce inactivity timer
(period, on-duration, inactivity timer)  
= (320, 10, 10) msec

	Scenario/Scheme
	Scheme 1
	Scheme 2
	Scheme 1
	Scheme 2

	TDD 2RX
	20.68
	18.32 (11.4%↓)
	8.08
	5.72 (29.2%↓)

	FDD 2RX
	21.05
	19.37 (8.0%↓)
	7.39
	5.71 (22.7%↓)

	TDD 1RX
	23.65
	18.29 (22.7%↓)
	12.20
	6.04 (50.5%↓)

	FDD 1RX
	22.61
	19.57 (13.4%↓)
	9.08
	5.92 (34.8%↓)



UE peak data rate reduction 
The target peak data rate for Rel-18 RedCap is 10Mbps. In contrast, the peak data rate requirement for Rel-17 RedCap is at least 150Mbps. If the peak rate constraint (can be relaxed to 1, the maximum modulation order can be reduced to 2 instead of 4. With further reduction on modulation order, both SNR and RF requirements can be relaxed which can lead to potential further cost reduction.  
[bookmark: _Ref102190730][bookmark: _Ref115497585]Proposal 6: Relax constraint   from 4 to 1 for Rel-18 eRedCap. 
[bookmark: _Ref115497595]Proposal 7: 16QAM is mandatorily supported while 64QAM can be optionally supported by Rel-18 eRedCap. 

Table 2: Peak data rate calculation for different bandwidths and different values of constraint ()
	SCS
	BW (
	Peak rate constraint

	DL peak rate 
(Mbps)
	UL peak rate 
(Mbps)

	15KHz 
	20MHz (106)
	4
	56.7
	60.7

	
	
	1
	14.2
	15.2

	
	5MHz (25)
	4
	12.8
	13.7

	
	
	1
	3.2
	3.4

	30KHz 
	20MHz (51)
	4
	54.6
	58.4

	
	
	1
	13.6
	14.6

	
	5MHz (11)
	4
	11.8
	12.6

	
	
	1
	2.95
	3.15



Conclusions 
In this contribution, we have made the following observations and proposals. 
Observation 1: In Urban scenario at 2.6GHz with 30kHz SCS, link performance degradation of SIB1 compared to Rel-17 RedCap UE is about (1) 11.24 dB when SIB1 transmission BW is larger than 5MHz, and is about (2) 9 dB when SIB1 is confined within 5MHz.
Observation 2: UE reception scheme 2 has higher power saving gain than UE reception scheme 1 in the evaluated scenarios.
Observation 3: UE power saving gain can be further enhanced significantly if UE reception scheme 2 is configured with other power saving methods. (e.g., a short inactivity timer)

Proposal 1: Clarify that “5MHz BB bandwidth” at UE does not suggest the bandwidth span of PDSCH transmitted at gNB is confined within 5MHz.
Proposal 2: From gNB’s perspective, transmission bandwidth of PDSCH can be up to 20MHz for Rel-18 eRedCap UEs.
Proposal 3: Rel-18 eRedCap UEs can receive and buffer 20MHz of signals for all symbols in a slot. In other words, the UE reception bandwidth for Rel-18 RedCap UE is 20MHz for all symbols in a slot.
Proposal 4: Clarify that “UE BB bandwidth” in the WID refers to UE processing bandwidth which represents the number of REs that UE can process in a slot.
Proposal 4: Clarify that “UE BB bandwidth” in the WID refers to UE processing bandwidth which represents the number of REs that UE can process in a slot.
Proposal 5: Support both UE reception schemes 1 and 2:
· In UE reception scheme1, PDSCH transmission bandwidth is confined to UE’s processing bandwidth of 5MHz. 
· In UE reception scheme 2, PDSCH transmission bandwidth can be wider than UE’s processing bandwidth. Once UE receives a PDSCH, UE can turn of its RF for power saving in the following N slots. FFS: N. 
Proposal 6: Relax constraint   from 4 to 1 for Rel-18 eRedCap.
Proposal 7: 16QAM is mandatorily supported while 64QAM can be optionally supported by Rel-18 eRedCap.
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Appendix A: UE power consumption evaluation
In Appendix A, we provide the SLS simulation parameters (Table 2) and the power derivation for baseband bandwidth reduction. 
[bookmark: _Ref115429377]Table 3: Parameter of System Level Simulation
	Simulation parameters 
	value

	Deployment
	3GPP Dense Urban, 7 sites, 3 sectors per site

	Channel model
	3D-UMa

	SCS
	30 kHz 

	Frame structure for TDD
	DDDDDDDSUU (S: 6D:4G:4U)

	BS Tx antennas number
	64TX; (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)

	UE Rx antennas number, (MIMO layer)
	2 RX; (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), (2 layer)
1 RX; (M, N, P, Mg, Ng) = (1, 1, 1, 1, 1), (1 layer)

	Power class 
	PC 3

	Modulation
	DL 64 QAM 

	bandwidth
	20MHz
· Scheduling scheme 1: 20 MHz PDCCH, 5 MHz PDSCH 
· Scheduling scheme 2: 20 MHz PDCCH, 20 MHz PDSCH

	Traffic
	
	Instant messaging (IM)
	VoIP

	
	Model
	FTP model 3
	As defined in R1-070674. Assume max two packets bundled.

	
	Packet size
	0.1 Mbytes
	

	
	Mean inter-arrival time
	2 seconds
	

	
	DRX setting
	(Period, On duration, IAT) ms
Setting 1: (320, 10, 80)
Setting 2: (320, 10, 10)
	(Period, On duration, IAT) ms Setting: (40, 4, 10)



In both scheduling schemes, the data baseband is reduced from 20MHz to 5MHz. To analyse the power consumption, the power of baseband reduction is derived as the following. 
Firstly, it can be observed from the value of Table 3, the power of “PDCCH + PDSCH” (PPDCCH+PDSCH) and “PDSCH-only” (PPDSCH) are scaling down 0.4 times when the bandwidth is scaling down 0.2 times (100MHz to 20MHz). Then, we can simply get the scaling factor from 20MHz to 5MHz (is 0.5.
	
	[bookmark: _Ref115439909](1)


[bookmark: _Ref115429389][bookmark: _Ref115432587][bookmark: _Ref115437988]Table 4: UE power consumption model for FR1. 
	Power State
	Relative power for 100MHz UE
(from TR 38.840 [Error! Bookmark not defined.])
	Relative power for 20MHz UE
(from TR 38.875 Error! Reference source not found.)

	Deep Sleep (PDS)
	1
	0.8

	Light Sleep (PLS)
	20
	18

	Micro sleep (PMS)
	45
	31

	PDCCH-only ()
	100 for same-slot scheduling
70 for cross-slot scheduling
	50 for same-slot scheduling, 
40 for cross-slot scheduling

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100
	50


Secondly, to get the power only scaling down on data baseband, we decouple the power of power states into PF, control baseband, data baseband. Figure 2 illustrates the components of power states. Then, we can have the following formulas:
	
	[bookmark: _Ref115439913](2)

	
	[bookmark: _Ref115439914](3)

	
	(4)



where α and β equal the time portion of RF in “PDCCH only” and “PDSCH only”, respectively

[image: ]
[bookmark: _Ref115382228][bookmark: _Ref115382224]Figure 2: Components of power states

Thirdly, we derive the power of each component by Table 3 and equation (1), (2) and (3).
From Table 3, we can get the power of “PDCCH + PDSCH” equals
	
	[bookmark: _Ref115445379](5)



From equation (2) - (3), the power of   equals (5). 
Assume that  (turn on RF part 13 symbols within a slot), we can derive the power of  equals to 3.33, and the power of  equals to 51.33.
Assume that  (turn on RF part 10 symbols within a slot), the power of RF = 65.33
To simplify the power state, we round off the value of each component as Table 4.
[bookmark: _Ref115440798][bookmark: _Ref115440771]Table 5: Power value of RF and BB
	Power value (unit)
	20MHz RF and Control
20MHz BB BW
	20MHz RF and Control
5MHz BB BW (PDSCH)

	RF
	65
	65

	control baseband
	3
	3

	data baseband 
	51
	31 from (7)



Finally, we can get the power of  with data baseband scaling down from 20MHz to 5MHz equals to
	
	(6)



The power of  in scheduling scheme 2 can be calculated by the following equation.
	
	[bookmark: _Ref115444182](7)
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