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1. Introduction
By the introduction of R17 Redcap UE types, a NR framework was scaled down to support reduced capability devices suitable for a range of low-tier use cases, including the industrial sensors, video surveillance, and wearables use cases. However, there have been further demands to reduce the device complexity to provide even lower-tier use cases, and a new Rel-18 study item was agreed to study the further reduction of the complexity of RedCap devices. Rel-18 eRedCap mainly targets low-tier sensors and wearables whose capabilities are between those specified for Rel-17 RedCap devices and LTE based LPWA devices such as NB-IoT. The objectives of the study item captured in [1] is shown below. 

	

4.1	Objective of SI
To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.8xx:
· 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.


[bookmark: _Hlk95727305]

In this contribution, we will discuss how to reduce the device cost further for Rel-18 eRedCap devices. First we will recap the discussions of Rel-17 RedCap devices, including various cost reduction technique proposals and how much cost saving was achieved by each proposed technique. Then we will discuss potential cost saving techniques for Rel-18 eRedCap. For each  technique, we will also discuss corresponding spec/NW/UE impacts, and coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs. 

2. Recap of Rel-17 RedCap
Through the study for UE complexity reduction [2][3], it was summarized that NR RedCap devices can achieve cost reduction up to 70% in FR1. The main enablers for cost reduction include BW reduction, RX branch reduction, DL modulation order relaxation and Half Duplex FDD (HD-FDD). 
Table 1 and Table 2 are the summaries of the estimated relative device cost reduction for different Rel-17 RedCap UE complexity reduction techniques as captured in [2]. Among individual techniques listed I the tables, some were agreed to be applied to Rel-17 RedCap devices and some were not. Among them, reduced number of rx antennas and layers is showing the largest cost reduction (36.8%/59.7% for FDD/TDD respectively) and the BW reduction to 20MHz is showing the 2nd largest cost reduction (31.9%/33.4% for FDD/TDD respectively). The main difference between two is that cost reduction for BW reduction mainly comes from baseband cost but cost reduction for reduced number of rx antennas and layers comes from both RF and baseband costs. Also it is shown that HD-FDD type-A mainly reduces RF costs but DL relaxed modulation mainly reduces baseband costs. Considering all of the cost reduction schemes, the cost of the Rel-17 RedCap device is around 30% or a bit more compared to Rel-15 reference device.
[bookmark: _Ref101792938]Table 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%



[bookmark: _Ref101792941]Table 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%



[bookmark: Ob1]Observation 1: Combining the cost reduction schemes agreed in Rel-17, NR RedCap devices can achieve cost reduction up to 70% in FR1.

3. Required solutions for further UE cost reduction 
As capture in the SID [1], there are two main solutions to reduce the cost for eRedCap devices. 
· UE bandwidth reduction to 5MHz in FR1
· Reduced UE peak data rate in FR1
This section discusses details on each solution including required features and potential spec impacts. This section also discuss what detailed solutions could be combined with one or both of the main solutions.

3.1 UE bandwidth reduction to 5MHz in FR1
One of the biggest cost reductions for Rel-17 RedCap UE were reduction of number of layers/rx antennas and reduction of UE bandwidth. As the number of layers and rx antennas has been already reduced to one, there would be no chance to reduce the cost more with the same technique. However, the maximum bandwidth of Rel-17 RedCap was reduced from 100MHz to 20MHz in FR1 and there could be some room for further reduce the bandwidth for additional cost saving and 5MHz was considered as the candidate BW for Rel-18 RedCap [1]. 


Spec impacts for different sub-carrier spacings
In Rel-17 RedCap discussions, we had to introduce new spec impacts or new UE behaviors by introducing 20MHz BW device, including the use of initial BWP for RedCap devices, enhancement of NCD-SSB, early indication of the device, and more. If further BW reduction is studied in Rel-18, we also foresee additional spec impacts as summarized in Table 3. It should be also noted that there is a note in the SID that “Rel-15 SSB should be reused and L1 changes minimized” for the design of new device type. 
[bookmark: _Ref101793055]Table 3: Potential spec impacts for UE BW reduction to 5MHz depending on subcarrier spacings
	
	Rel-17 RedCap
(20 MHz)
	Rel-18 RedCap Evolution (5MHz)

	
	
	15KHz SCS
	 30KHz SCS
	Potential spec impacts

	Number of RBs
	106 for 15 KHz SCS
51 for 30 KHz SCS
	25
	11
	N.A

	PSS/SSS 
(12 PRB)
	Reuse
	Reuse
	Reuse if the number of RB is 12
	Increase number of RB from 11 to 12 for 30KHz SCS

	PBCH 
(20 PRB)
	Reuse
	Reuse
	PBCH is not supported by 5MHz UE as it is
	Modify PBCH for 30KHz SCS (no impact to legacy UEs)

	CORESET0 
	Reuse (24/48/96 PRB)
	Only 24RB CORESET0 is supported. 
	No CORESET0 is supported
	New CORESET0 configuration (at least for 30KHz SCS)

	PDCCH aggregation levels
	Up to AL 16 is supported
	Up to AL 8 is supported
	Up to AL 4 is supported 
	Increase CORESET size in time domain (or PDCCH repetitions)



Table 3 simply shows that the corresponding spec impacts is more significant for 30KHz sub-carrier spacing. One of the most straightforward impacts is how to reuse Rel-15 SSB. Even if the number of RB for 30KHz SCS is allowed to be increased to 12 in RAN4, the reception of whole PBCH is not supported with 5MHz. One simple solution to receive PBCH with 30KHz SCS is that eRedCap UE is allowed not to receive 4 RBs of the each edge of PBCH (assuming that 12 RB is supported for 5MHz BW and 30KHz SCS). As almost half of the PBCH coded symbols are not received, this scheme will lead to very bad link performance and correspondingly much reduced SSB coverage. For compensating the resulting coverage loss, appending the missing PBCH symbols in the other OFDM symbols could be one solution as shown in Figure 1. It can be also noted that the new SSB structure does not provide any impact to the legacy UEs because Rel-15 SSB structure remains the same.

[image: ]
[bookmark: _Ref102089046]Figure 1. Support of SSB with 30KHz SCS for 5MHz BW device 

CORESET0 configuration
CORESET0 is configured by PBCH and the RRC parameter controlResourceSetZero in MIB indicates the CORESET0 size in frequency domain (as number of RBs) as shown in Table 4, which is defined in spec 38.213. However, the possible number of RBs for CORESET0 is either 24, 48, or 96 for 15 KHz SCS and 24 or 48 for 30KHz SCS. If we just reuse the current CORESET0 configuration for potential 5MHz BW eRedCap UE, only 24 PRB CORESTE0 can be configured for 15KHz SCS, which is a very big constraint for a network. It is even more serious if 30KHz SCS is considered, where any of CORESET0 configurations does not support 5MHz BW UE. 
To support CORESET0 configuration for 5MHz BW eRedCap, one potential way is to define a new CORESET0 which is dedicated to 5MHz eRedCap devices. The configuration of new CORESET0 can be done by reinterpreting existing controlResourceSetZero fields or using the reserved bits in PBCH for further flexible configuration of eRedCap-specific CORESET0. 

[bookmark: _Ref101807523]Table 4: 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) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



PDCCH aggregation levels
For NR, control resource set (CORESET) size is flexibly configured in frequency domain in a unit of 6RB. However, the CORESET size in time domain is either one, two, or three OFDM symbols. If 5MHz eRedCap device is supported, the CORESET size may not be sufficiently large due to the limitation of RB sizes in frequency domain. Table 5 is summarizing the maximum size of CCE of a CORESET depending on the number of OFDM symbols of a CORESET and subcarrier spacing. Based on Table 5, due to the limited number of CCE, aggregation level 16 is not possible for either 15 KHz or 30 KHz SCS. Even aggregation level 8 is not supported for 30KHz SCS. If aggregation level 16 is not supported, PDCCH coverage could be significantly limited compared to Rel-17 UEs, especially for the UE with a single Rx antenna. Furthermore, the limited number of CCEs will increase the PDCCH blocking probability, which brings the scheduling restriction in the gNB side.
[bookmark: _Ref101807862][bookmark: _Ref94206443][bookmark: _Toc101630598]Table 5: Supported maximum PDCCH aggregation level for different CORESET sizes
	Number of OFDM symbols of a CORESET
	Number of CCE

	
	15 KHz SCS
(24 RB)
	30KHz SCS
(12 RB if allowed)

	1 symbol
	4 CCE
	2 CCE

	2 symbols
	8 CCE
	4 CCE

	3 symbols
	12 CCE 
	6 CCE 



As the size of the frequency band is limited by 5MHz, one way to increase the number of CCE is to increase the number of OFDM symbols for a CORESET as shown in Figure 2. The introduction of CORESET with more than three OFDM symbols may bring some spec impacts. An alternative solution with less spec impact is to enable PDCCH repetition similar to what was introduced in Rel-17 multi-TRP discussions. 


[bookmark: _Ref101808879][bookmark: _Toc101630577]Figure 2. CORESET enhancements for eRedCap UE

Initial BWP and RRC-configured BWP
As the BW capability was reduced from 100MHz to 20MHz in Rel-17 RedCap, there have been lots of discussions on the BWP operation during SI/WI. Some of the Rel-17 discussion points are listed below:
· How to configure initial active BWP for UL and DL
· How to perform SSB measurement if active DL BWP does not include SSB 
· How to utilize NCD-SSB in RRC-configured BWP or initial active DL BWP as well
· If UL BWP is positioned not in the edge of the system BW, how to handle UL resource fragmentation for 100MHz UEs 
· Coexistence between 100MHz Rel-15 UE and 20MHz Rel-17 RedCap UE
As can be seen in Figure 3, the smaller BW brings similar questions as listed above. As the number of BWPs increases, the corresponding impacts is expected to be larger than Rel-17 RedCap devices. Additionally, we also need to consider the coexistence between 20MHz Rel-17 RedCap UEs and 5MHz Rel-18 eRedCap UEs. 

[image: ]
[bookmark: _Ref102003601]Figure 3. Example of BWP configurations for RedCap UE (20MHz) and eRedCap UE (5MHz)

[bookmark: Ob2]Observation 2: For UE bandwidth reduction to 5MHz
· 30KHz SCS requires more spec impacts compared to 15KHz SCS 
· Number of RBs need to be increased to 12 
· PBCH needs to be enhanced to support 5MHz BW device
· There is restriction on CORESET0 configuration for 5MHz BW UE
· Need to consider enhanced CORESET0 configuration for 5MHz BW devices
· CORESET with 5MHz BW limitation will have PDCCH coverage issue as high PDCCH aggregation level is not supported. Enhancement on basic CORESET structure is needed to support sufficient PDCCH coverage
· Alt1: CORESET with more than 3 symbols
· Alt2: utilization of PDCCH repetition as introduced in Rel-17 multi-TRP

[bookmark: Pr1]Proposal 1
· Study UE bandwidth reduction to 5MHz including following details:
· Support of 30KHz SCS
· CORESET0 configuration 
· General CORESET structure with sufficient PDCCH coverage
· Operation related to initial active BWP and RRC-configured BWP



3.2 Reduced UE peak data rate in FR1
Compared to the solution of BW reduction to 5MHz, the solution to reduce the UE peak data rate while keeping the RF bandwidth as 20MHz brings less spec impacts but cost reduction is comparatively limited as well. For achieving reduced UE peak rate, there are potentially two different schemes as shown in Figure 4: (a) peak rate reduction while keeping 20MHz BW for both baseband and RF, (b) BW reduction only for data channel baseband while keeping RF BW as 20MHz. 
Scheme (a) is intentionally reducing peak rate for the purpose of HARQ buffer size reduction, reduced LDPC decoding capability for DL, and reduced UL processing capability for UL. Scheme (b) is reducing the BW for data channel (potentially only for unicast data) and correspondingly the peak rate is reduced as well. Compared to scheme (a), scheme (b) may lose some frequency diversity gain but additional cost saving is expected by reducing the channel demapping capability. 
[image: ]
[bookmark: _Ref101810499]Figure 4. Potential solutions to reduce UE peak data rate for Rel-18 eRedCap


Peak rate reduction while keeping 20MHz for BB/RF
Peak rate is defined in UE capability spec (38.306) by utilizing following higher layer parameter, max number of layers, maximum supported modulation order, and scaling factor as given below. One additional point to be considered is that there is a constraint that “component  is no smaller than 4”. 
	[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155][bookmark: _Toc83660435]4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.
--------------------------- some texts are skipped -------------------
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .



If we keep the BW size as 20MHz but just follow the current peak rate definition, the peak rate cannot be go below 50 Mbps for both DL/UL and both 15/30 KHz SCS, mainly due to the constraint. The peak rate of 50Mbps is much higher than the target bitrate of eRedCap, which is 10Mbps as captured in [1]. However, if the constraint “component  is no smaller than 4” is relaxed, the peak data rate can be also reduced to meet the required value as can be seen in Table 6. 
[bookmark: _Ref101814328]Table 6: Maximum data rate for 20MHz BW UE
	
	Peak rate constraint

	Maximum data rate in DL/UL [Mbps]

	
	
	20MHz BW, 30KHz SCS
	20MHz BW, 30KHz SCS

	Based on current spec
	4 
	54.6/58.4
	56.7/60.7

	Relaxed constraint
	2
	27.3/29.1
	28.4/30.3

	
	1.5
	20.5/21.9
	21.3/22.8

	
	1
	13.6/14.6
	14.2/15.2

	
	0.4
	5.5/5.8
	5.7/6.1

	New scaling factor
	0.2
	2.7/2.9
	2.8/3.0




BB BW reduction for data channels
If we limit the baseband bandwidth for the data channels, the peak rate can be straightforwardly reduced by reduced number of RBs for the data channels. For this case, we do not need to relax or modify the constraint as can be seen in Table 7. So the target peak data rate can be achieved by keeping the current spec.

[bookmark: _Ref101815256]Table 7: Maximum data rate for base-band BW reduction scheme
	30 KHz SCS
	Peak rate constraint

	
	Maximum data rate in DL/UL [Mbps]

	Based on current spec
	4
	51
	54.6/58.4

	
	4
	24
	25.7/27.5

	
	4
	12
	12.8/13.7

	
	4
	11
	11.8/12.6

	Relaxed constraint
	1
	12
	3.2/3.4

	
	1
	11
	2.9/3.1



	15KHz SCS
	Peak rate constraint

	
	Maximum data rate in DL/UL [Mbps]

	Based on current spec
	4
	106
	56.7/60.7

	
	4
	52
	27.8/29.8

	
	4
	25
	13.4/14.3

	
	4
	24
	12.8/13.7

	Relaxed constraint
	1
	25
	3.3/3.6

	
	1
	24
	3.2/3.4




[bookmark: Ob3]Observation 3: Reduced UE peak data rate
· There are two potential solutions to achieve reduced UE peak data rate
· Alt1: Peak rate reduction while keeping 20MHz for BB/RF
· Need to consider relaxation of the constraint for the peak rate calculation
· Alt2: BB BW reduction for data channels
· May experience lack of frequency diversity
· Additional cost saving is expected compared to Alt1
· Existing peak data rate definition can be reused

[bookmark: Pr2]Proposal 2
· Study reduced UE peak data rate solutions including following details
· Peak rate reduction while keeping 20MHz for BB/RF 
· Baseband BW reduction for data channels

3.3 Other cost reduction techniques
Relaxed UE processing timeline
Relaxation of UE processing timeline is captured in SID [1] as a candidate scheme for both of the cost reduction schemes described above. This relaxed UE processing timeline was also discussed during the Rel-17 RedCap study item phase and relevant cost saving was summarized as in Table 8. We see that the actual cost saving would be much higher than the analysis shown in Table 8 especially for Rel-18 eRedCap. The relaxed timeline allows not only reduction of the processing complexity but also slower clock speed for the relevant processing blocks, e.g., LDPC decoding for N1, DL control processing & decoder and UL processing block for N2, and etc.

[bookmark: _Ref101820347]Table 8: Estimated relative device cost for RedCap with relaxed processing time
	Relaxed processing time 
	doubled N1 and N2
	doubled Z and Z'

	
	FR1 FDD
	FR1 TDD
	FR1 FDD
	FR1 TDD

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

	RF: Filters
	10.0%
	15.0%
	10.0%
	15.0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	55.0%
	45.0%
	55.0%

	RF: Duplexer / Switch
	20.0%
	5.0%
	20.0%
	5.0%

	RF: Total relative cost
	100.0%
	100.0%
	100.0%
	100.0%

	BB: ADC / DAC
	10.0%
	9.0%
	10.0%
	9.0%

	BB: FFT/IFFT
	4.0%
	4.0%
	4.0%
	4.0%

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

	BB: Receiver processing block
	20.3%
	24.6%
	24.0%
	29.0%

	BB: LDPC decoding
	6.6%
	5.9%
	10.0%
	9.0%

	BB: HARQ buffer
	14.0%
	12.0%
	14.0%
	12.0%

	BB: DL control processing & decoder
	4.1%
	3.3%
	2.5%
	2.0%

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

	BB: UL processing block
	3.7%
	3.6%
	4.0%
	4.0%

	BB: MIMO specific processing blocks
	8.8%
	8.8%
	4.5%
	4.5%

	BB: Total relative cost
	90.5%
	90.1%
	92.0%
	92.5%

	RF+BB: Total relative cost
	94.3%
	94.1%
	95.2%
	95.5%




[bookmark: Ob4]Observation 4:
· In order to have sufficient cost reduction for Rel-18 eRedCap, UE processing timeline relaxation is more important for Rel-18 eRedCap
[bookmark: Pr3]Proposal 3
· Study UE processing timeline relaxation for all or some of N1/N2/Z/Z’

Reduced PDCCH monitoring
Table 9 is showing the relative cost for the combination of UE complexity reduction features including BW reduction, reduced number of layers and Rx antennas, and use of half-duplex for FDD scenario, which considers almost all cost saving features of Rel-17 RedCap (except relaxed DL modulation order). 
As the number of layers and rx antennas were already reduced to the minimum and half-duplex was also included in Rel-17 RedCap, it seems that the additional RF cost saving is limited (other than half-duplex type B which will be discussed later). Therefore, we need to find solutions which can reduce the baseband cost as much as possible. 
Based on Table 9, receiver processing block, DL control processing & decoder block, and synchronization & cell search block have the largest portions of the total baseband cost. It is not easy to reduce the cost for synchronization & cell search block unless sufficient relaxation on the synchronization performance requirement is not allowed, which seems not feasible. The receiver processing block can be further reduced by the cost reduction solutions described in section 3.1 and 3.2. To have sufficient cost saving for Rel-18 eRedCap, we also need to see whether there is any room for reducing the cost in the DL control processing & decoder block which has not been touched in Rel-17 RedCap study. The relaxation of PDCCH monitoring and relaxed CCE limit are potential solutions to reduce cost for the DL control processing and decoder block. 
In addition to relaxation of number of PDCCH candidates and CCE limit, the number of CORESET is another source for cost reduction. Up to Rel-17, the number of CORESET that needs to be monitored per BWP is up to 2 including CORESET0 as a mandatory feature and up to 3 as an optional feature. Therefore, a UE has to be capable of monitoring PDCCHs at least with 2 different CORESET configurations inside a BWP. If we reduce the number of CORESET for PDCCH monitoring as 1, there would be additional cost saving for the DL control processing and decoder block in addition to reduced maximum number of monitored PDCCH candidates per slot and reduced maximum number CCEs per slot. Limiting the number of CORESETs can be achieved by prioritizing CORESETs, e.g., if a UE has to monitor PDCCHs with CORESET0 configuration, UE skips monitoring PDCCHs with other CORESET configuration at the same slot.

[bookmark: _Ref101773613]Table 9: Estimated relative device cost for RedCap in FR1 FDD/TDD
	Relaxed maximum DL modulation order
	FR1 FDD Reference
(100MHz, 2layers, 2rx, Full duplex)
	FR1 FDD RedCap
(20MHz, 1 layer, 1rx, Half duplex)
	FR1 TDD Reference
(100MHz, 4layers, 4rx)
	FR1 TDD RedCap
(20MHz, 1 layer, 1rx)

	RF: Power amplifier 
	25.0%
	22.7%
	25.0%
	23.8%

	RF: Filters
	10.0%
	5.6%
	15.0%
	3.9%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	25.3%
	55.0%
	18.2%

	RF: Duplexer / Switch
	20.0%
	4.3%
	5.0%
	4.8%

	RF: Total
	100.0%
	58.0%
	100.0%
	50.6%

	BB: ADC / DAC
	10.0%
	1.4%
	9.0%
	0.7%

	BB: FFT/IFFT
	4.0%
	0.6%
	4.0%
	0.4%

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

	BB: Receiver processing block
	24.0%
	4.9%
	29.0%
	3.0%

	BB: LDPC decoding
	10.0%
	1.5%
	9.0%
	0.8%

	BB: HARQ buffer
	14.0%
	1.7%
	12.0%
	0.8%

	BB: DL control processing & decoder
	5.0%
	4.6%
	4.0%
	3.9%

	BB: Synchronization / cell search block
	9.0%
	4.9%
	9.0%
	2.8%

	BB: UL processing block
	5.0%
	3.3%
	5.0%
	3.4%

	BB: MIMO specific processing blocks
	9.0%
	4.0%
	9.0%
	2.1%

	BB: Total
	100%
	27.9%
	100.0%
	18.6%

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	40.0%
	100%
	31.4%



[bookmark: Ob5]Observation 5: Reduced PDCCH monitoring
· DL control processing & decoder block became to take a larger portion of the total baseband cost for Rel-17 RedCap compared to Rel-15 baseline.
· It is desirable to reduce the cost of DL control processing & decoder block to further reduce total device cost for Rel-18 eRedCap
[bookmark: Pr4]Proposal 4
· Study reduced PDCCH monitoring with the following solutions
· Reduce maximum number of monitored PDCCH candidates per slot by half
· Reduce maximum number CCEs per slot by half
· limit the number of CORESET per slot as 1

Further cost reduction for half-duplex FDD
HD-FDD was also studied during Rel-17 RedCap and only type A HD-FDD was agreed to be supported for RedCap devices. Table 10 is showing the cost breakdown comparison between type A and type B for HD-FDD operations based on reference UE devices (100Hz BW, 2 layers, 2 Rx, 256QAM DL). Cost reduction techniques discussed above can reduce the device cost in a certain level but cost reduction is mostly in from baseband functional blocks. However, as can be seen in Table 9, the portion of baseband cost is smaller than 40% and RF cost is larger than 60% of the total cost of Rel-17 RedCap device. Therefore, cost reduction only from baseband blocks may be limited and we may not see sufficient cost saving. Therefore it is desirable to find a solution which can bring cost reduction from RF blocks and Type-B HD-FDD is one candidate solution to reduce RF cost.

[bookmark: _Ref101996280]Table 10: Estimated relative device cost for an HD-FDD device
	Half-duplex FDD operation
	HD-FDD operation (Type A)
	HD-FDD operation (Type B)

	RF: Antenna array
	-
	-

	RF: Power amplifier 
	24.1%
	23.9%

	RF: Filters
	10.6%
	10.7%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	44.4%
	37.8%

	RF: Duplexer / Switch
	4.8%
	4.9%

	RF: Total relative cost
	83.9%
	77.3%

	BB: ADC / DAC
	10.0%
	10.0%

	BB: FFT/IFFT
	3.8%
	3.7%

	BB: Post-FFT data buffering
	9.9%
	9.9%

	BB: Receiver processing block
	24.0%
	24.0%

	BB: LDPC decoding
	10.0%
	10.0%

	BB: HARQ buffer
	14.0%
	14.0%

	BB: DL control processing & decoder
	4.8%
	4.8%

	BB: Synchronization / cell search block
	9.0%
	9.0%

	BB: UL processing block
	4.8%
	4.8%

	BB: MIMO specific processing blocks
	9.0%
	9.0%

	BB: Total relative cost
	99.4%
	99.2%

	RF+BB: Total relative cost
	93.2%
	90.4%




[bookmark: Ob6]Observation 6: HD-FDD operation
· Cost reduction only from baseband blocks may be limited from the total cost saving perspective
· It is desirable to consider a solution to reduce the cost of RF blocks
· Type-B HD-FDD can reduce RF cost while other solutions are likely to reduce only baseband cost 

[bookmark: Pr5]Proposal 5: Study type-B HD-FDD operation

4. Conclusion
In this contribution, we have following observations and proposals:
Observation 1: Combining the cost reduction schemes agreed in Rel-17, NR RedCap devices can achieve cost reduction up to 70% in FR1.
Observation 2: For UE bandwidth reduction to 5MHz
· 30KHz SCS requires more spec impacts compared to 15KHz SCS 
· Number of RBs need to be increased to 12 
· PBCH needs to be enhanced to support 5MHz BW device
· There is restriction on CORESET0 configuration for 5MHz BW UE
· Need to consider enhanced CORESET0 configuration for 5MHz BW devices
· CORESET with 5MHz BW limitation will have PDCCH coverage issue as high PDCCH aggregation level is not supported. Enhancement on basic CORESET structure is needed to support sufficient PDCCH coverage
· Alt1: CORESET with more than 3 symbols
· Alt2: utilization of PDCCH repetition as introduced in Rel-17 multi-TRP
Observation 3: Reduced UE peak data rate
· There are two potential solutions to achieve reduced UE peak data rate
· Alt1: Peak rate reduction while keeping 20MHz for BB/RF
· Need to consider relaxation of the constraint for the peak rate calculation
· Alt2: BB BW reduction for data channels
· May experience lack of frequency diversity
· Additional cost saving is expected compared to Alt1
· Existing peak data rate definition can be reused
Observation 4:
· In order to have sufficient cost reduction for Rel-18 eRedCap, UE processing timeline relaxation is more important for Rel-18 eRedCap
Observation 5: Reduced PDCCH monitoring
· DL control processing & decoder block became to take a larger portion of the total baseband cost for Rel-17 RedCap compared to Rel-15 baseline.
· It is desirable to reduce the cost of DL control processing & decoder block to further reduce total device cost for Rel-18 eRedCap
Observation 6: HD-FDD operation
· Cost reduction only from baseband blocks may be limited from the total cost saving perspective
· It is desirable to consider a solution to reduce the cost of RF blocks
· Type-B HD-FDD can reduce RF cost while other solutions are likely to reduce only baseband cost 

Proposal 1
· Study UE bandwidth reduction to 5MHz including following details:
· Support of 30KHz SCS
· CORESET0 configuration 
· General CORESET structure with sufficient PDCCH coverage
· Operation related to initial active BWP and RRC-configured BWP
Proposal 2
· Study reduced UE peak data rate solutions including following details
· Peak rate reduction while keeping 20MHz for BB/RF 
· Baseband BW reduction for data channels
Proposal 3
· Study UE processing timeline relaxation for all or some of N1/N2/Z/Z’
Proposal 4
· Study reduced PDCCH monitoring with the following solutions
· Reduce maximum number of monitored PDCCH candidates per slot by half
· Reduce maximum number CCEs per slot by half
· limit the number of CORESET per slot as 1
Proposal 5: Study type-B HD-FDD operation
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