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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94, a study item to examine complexity reduction techniques and processing relaxation with a goal of reducing the peak data rate to 10 Mbps was approved [1]. The SID has the following objectives:
· 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 RAN1#109, several agreements were reached on the methodology to use and techniques to consider [5]. In this contribution, we examine the complexity of the agreed techniques and combinations of techniques. For each technique, we provide a basis for the estimated complexity reduction. We also provide views about the performance impact, network deployment and coexistence impact, and specification impact.

Discussion
Evaluation methodology
In RAN1#109, the following agreements were made regarding the methodology [5].
	Agreement 
For cost reduction estimation, the detailed cost breakdown for the Rel-15 reference NR devices (as provided in Table 6.1-1 in TR 38.875) is reused.
Agreement 
For comparison with a Rel-17 baseline when evaluating the potential Rel-18 UE complexity reduction features,
· The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
· In addition, optional results for the following comparisons can also be reported:
· Results for HD-FDD UEs
· Results for UEs with 2 Rx
· In all comparisons, the UEs being compared have the same number of antenna branches, the same number of layers, the same maximum supported modulation order, and the same duplex mode (among HD-FDD, FD-FDD, and TDD).



The agreement below mentions providing an estimate for the reference case (20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD) [5]. 
	Agreement 
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
…



Table 1 captures the estimate for reference case for FDD while Table 2 provides the estimate for TDD. The first column of both tables is based on the agreed values in [2].
[bookmark: _Ref100556554]Table 1. Rel-17 UE proposed baseline complexity reduction features for FDD (20 MHz BW, 1 Rx branch, 1 MIMO layer, 64QAM max modulation order)
	Functional block
	FR1 FDD (2Rx)
	BW reduction
	21 Rx branch
	21 MIMO
	25664 mod order
	Complexity

	RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	Filters
	10%
	10.0%
	5.0%
	10.0%
	10.0%
	5.0%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	45.0%
	29.3%
	45.0%
	42.8%
	27.8%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%

	Total RF
	
	100.0%
	79.3%
	100.0%
	97.8%
	77.8%

	Baseband

	ADC / DAC
	10%
	2.0%
	6.0%
	10.0%
	8.0%
	1.0%

	FFT/IFFT
	4%
	0.8%
	2.0%
	4.0%
	4.0%
	0.4%

	Post-FFT data buffering
	10%
	2.0%
	5.0%
	10.0%
	10.0%
	1.0%

	Receiver processing block
	24%
	12.0%
	12.0%
	24.0%
	24.0%
	6.0%

	LDPC decoding
	10%
	2.0%
	10.0%
	5.0%
	7.5%
	0.8%

	HARQ buffer
	14%
	2.8%
	14.0%
	7.0%
	10.5%
	1.0%

	DL control processing & decoder
	5%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%

	Synchronization / cell search block
	9%
	9.0%
	4.5%
	9.0%
	9.0%
	4.5%

	UL processing block
	5%
	2.0%
	5.0%
	5.0%
	5.0%
	2.0%

	MIMO specific processing blocks
	9%
	9.0%
	9.0%
	4.5%
	9.0%
	4.5%

	Total baseband
	100%
	46.6%
	72.5%
	83.5%
	92.0%
	26.2%

	Total overall [40% RF: 60% BB]
	100%
	68.0%
	75.2%
	90.1%
	94.3%
	46.8%



[bookmark: _Ref100738244]Table 2. Rel-17 UE proposed baseline complexity reduction features for TDD (20 MHz BW, 1 Rx branch, 1 MIMO layer, 64QAM max modulation order)
	Functional block
	FR1 TDD (4Rx)
	BW reduction
	41 Rx branch
	41 MIMO
	25664 mod order
	Complexity

	RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	Filters
	15%
	15.0%
	3.8%
	15.0%
	15.0%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	55%
	55.0%
	27.5%
	55.0%
	52.3%
	26.1%

	Duplexer / Switch
	5%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%

	Total RF
	
	100.0%
	61.3%
	100.0%
	97.3%
	59.9%

	Baseband

	ADC / DAC
	9%
	1.8%
	3.6%
	9.0%
	7.2%
	0.6%

	FFT/IFFT
	4%
	0.8%
	1.0%
	4.0%
	4.0%
	0.2%

	Post-FFT data buffering
	10%
	2.0%
	2.5%
	10.0%
	10.0%
	0.5%

	Receiver processing block
	29%
	14.5%
	7.3%
	29.0%
	29.0%
	3.6%

	LDPC decoding
	9%
	1.8%
	9.0%
	2.3%
	6.8%
	0.3%

	HARQ buffer
	12%
	2.4%
	12.0%
	3.0%
	9.0%
	0.5%

	DL control processing & decoder
	4%
	4.0%
	4.0%
	4.0%
	4.0%
	4.0%

	Synchronization / cell search block
	9%
	9.0%
	2.3%
	9.0%
	9.0%
	2.3%

	UL processing block
	5%
	2.0%
	5.0%
	5.0%
	5.0%
	2.0%

	MIMO specific processing blocks
	9%
	9.0%
	9.0%
	2.3%
	9.0%
	2.3%

	Total baseband
	100%
	47.3%
	55.6%
	77.5%
	93.0%
	16.2%

	Total overall [40% RF: 60% BB]
	100%
	68.4%
	57.9%
	86.5%
	94.7%
	33.7%



Observation 1: The complexity reduction for the Rel-17 reference is 46.8% for FDD and 33.7% for TDD.

[bookmark: _Ref110412133]Bandwidth reduction
From RAN1#109, the following agreements for bandwidth reduction options were reached[5]. Three options are listed with BW2 being optional.
	Agreement:
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 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.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.



Additional notes regarding BW1-BW3 include:
	Agreement:
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.



To facilitate some discussions for BW1-BW3 and for PR3(described in section 2.3), some background material is first provided.
Data rate
To compute the data rate, the following formula can be used: 
	
	
	[bookmark: _Ref109998478](1)



where  (from Table 5.1.3.1-1 of TS 38.214 [4] when the maximum modulation order of 64QAM is used on the DL),  REs/RB (clause 5.4.2.1 of TS 38.212 [7]), , , and  for 5 MHz BW for 15 and 30 kHz SCS, respectively. For 15 kHz SCS, the data rate is 21.6 Mbps. For 30 kHz SCS, the data rate is 19.0 Mbps.
Observation 2: An upper bound for the estimated DL data rate for the BW techniques is 21.6 and 19 Mbps for 15 kHz and 30 kHz SCS, respectively.
For TDD, the DL data rate is a function of TDD configuration; a commonly used configuration for 15 kHz SCS is “DDDSU” with S=10D+2G+2U (Table A.1.2-1 of 38.101-4 [8]). One of six patterns for 30 kHz SCS is also “DDDSU” (Table A.1.2-2 of 38.101-4 [8]). Excluding the downlink symbols in the special slot, the data rate is scaled by 60% to 13 Mbps and 11.4 Mbps, for 15 and 30 kHz SCS, respectively.
TBS
Equivalently, the transport block size (TBS) is the ratio of the data rate and the number of slots per second when a TB can be transmitted on an available slot. With a rate of 1,000 and 2,000 slots per second, the TBS is 21,600 and 9,500 bits for 15 and 30 kHz SCS, respectively.
Alternatively, the maximum TBS as a function of SCS and MCS can be determined from (1) for 25 RBs (15 kHz SCS) and 11 RBs (30 kHz SCS). Fig. 1 shows that for MCS9 (largest MCS supporting QPSK), the TBS is about 5,200 and 2,300 bits for 25 RBs and 11 RBs. Fig. 1 can also be used to determine whether a RRC message with the maximum size of 2,976 bits (clause 5.2.1 38.331 [9]) can be transmitted in a single slot transmission. For example, the maximum size can be transmitted using MCS6 through MCS9 for 25 RBs. For 11 RBs, the largest TBS is 2,275, which is below the maximum size of RRC messages. 
[image: Chart, bar chart
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[bookmark: _Ref110005424]Fig. 1. TBS for 25 RBs (15 kHz SCS) and 11 RBs (30 kHz SCS) as a function of MCS

Data rate with multi-slot scheduling
The calculation for the maximum data rate assumes the PDCCH and scheduled PDSCH are within the same slot. In the following complexity calculations for BW1, BW2, and BW3, it is assumed the PDCCH and PDSCH are in different slots for implementation benefits, as described below. With this separate slot assumption, the data rate can be determined from the duty cycle of PDCCH and PDSCH. Fig. 2 shows how to compute the data rate from three duty cycle examples.
a) PDCCH and PDSCH same slot: data rate = max TBS * #slots/sec
b) alternating slots: data rate = ½ * max TBS * #slots/sec
c) PDCCH every 5th slot: data rate = 4/5 * max TBS * #slots/sec
PDCCH
PDSCH
PDSCH and PDSCH

[bookmark: _Ref109054675]Fig. 2. Data rate determination with multi-slot scheduling in (b) and (c)
[bookmark: _Hlk110322402]In Fig. 2(b), there is an implied processing rate reduction, related to PT1. Fig. 2(c) shows an example of multi-slot scheduling. In general with n PDSCH for every PDCCH, the maximum data rate is scaled by n / (n+1). For n=1,2,4, the resulting data rate is 10.8, 14.4, 17.3 Mbps for 15 kHz SCS, respectively and 9.5, 12.7, and 15.2 Mbps for 30 kHz SCS, respectively.
Impacts
For BW1-BW3, impacts include:
· Performance
· 10 Mbps data rate 
· PBCH performance with 30 kHz SCS and 5 MHz BW
· PDCCH performance and aggregation levels
· Network and coexistence impact
· Initial access
· RACH occasions
· Msg 3 and early identification
· Maximum RRC message size for a single slot transmission?
· PSS/SSS / NCD-SSB (FG 6-1 “Basic BWP operation with restriction”, 28-1 “RedCap”, 28-1a “RRC-configured DL BWP without CD-SSB or NCD-SSB”
· TDD alignment of 5 MHz UL and DL blocks.
· Simultaneous PUCCH and PUSCH transmission with 5 MHz BW
· Disable PUCCH hopping in connected state
Especially, given the similarity of PR3 to BW3, some of the same impacts will apply.
BW1
Fig. 3 shows two possible layouts for BW1. In a), the PDCCH and PDSCH for the RedCap UE can be transmitted in the same slot while in b) the PDCCH is not transmitted in the same slot as PDSCH. Several factors for considering separate slots for PDCCH and PDSCH: with a smaller bandwidth, the number of CCEs processed is reduced (no high aggregation levels and fewer CCEs in general). Keep trying approaches, such as those used for MTC, can then be used for PDCCH. A side benefit is the separate slots for PDCCH and PDSCH may relax DL control processing times. 
PDCCH
5 MHz max
PDSCH
PDSCH
PUSCH
PUSCH
PDSCH
PDSCH
PDCCH
5 MHz max
PDSCH
PUSCH
PUSCH
PDSCH
a)
b)

[bookmark: _Ref106196334]Fig. 3. BW1. a) PDCCH and PDSCH can occupy same slot. b) PDCCH in a separate slot from PDSCH.

Analysis of UE complexity reduction
Table 3 provides the justification for the reduction estimates for BW1. In the results, PDCCH processing relaxation (b) is assumed.
[bookmark: _Ref106196653]Table 3. Discussion of complexity reduction for BW1 from the Rel-15 reference. When present, (a) and (b) indicate reduction when PDSCH and PDCCH are in same slot and separate slots, respectively
	RF block
	Comments
	Reduction 

	Power amplifier 
	Narrowband PAs may be less complex
	5%

	Filters
	
	

	RF transceiver (LNAs, mixer, and local oscillator)
	
	

	Duplexer / Switch
	
	

	Baseband block
	
	

	ADC / DAC
	Scales with bandwidth
	95%

	FFT/IFFT
	Scales with bandwidth
	95%

	Post-FFT data buffering
	Scales with bandwidth
	95%

	Receiver processing block
	This mostly scales with number of REs processed (BW related), but some time domain functions (channel estimation, tracking) are independent of bandwidth
	75%

	LDPC decoding
	TB size scales with bandwidth. 
	95%

	HARQ buffer
	TB size scales with bandwidth.
	95%

	DL control processing & decoder
	Number of CCEs processed per CORESET may decrease 
(b) includes PDCCH processing relaxation
	(a) 30%
(b) 40%

	Synchronization / cell search block
	Results in [6] assumed 30 kHz SCS was not processed for the SSB. (no change for BW reduction)
	0%

	UL processing block
	While the TBS scales with the BW, UCI does not 
	80%

	MIMO specific processing blocks
	
	



Table 4. Complexity reduction with BW1. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	Rel 17 Reference
	Rel 17 Ref+ BW1
	Reference
	R17 Reference
	Rel 17 Ref+ BW1

	RF

	Power amplifier 
	25%
	25.0%
	23.8%
	25%
	25.0%
	23.8%

	Filters
	10%
	5.0%
	5.0%
	15%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	55%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	5%
	5.0%
	5.0%

	Total RF
	
	77.8%
	76.5%
	
	59.9%
	58.6%

	Baseband

	ADC / DAC
	10%
	1.0%
	0.2%
	9%
	0.6%
	0.1%

	FFT/IFFT
	4%
	0.4%
	0.1%
	4%
	0.2%
	0.1%

	Post-FFT data buffering
	10%
	1.0%
	0.3%
	10%
	0.5%
	0.1%

	Receiver processing block
	24%
	6.0%
	3.0%
	29%
	3.6%
	1.8%

	LDPC decoding
	10%
	0.8%
	0.2%
	9%
	0.3%
	0.1%

	HARQ buffer
	14%
	1.0%
	0.3%
	12%
	0.5%
	0.1%

	DL control processing & decoder
	5%
	5.0%
	3.0%
	4%
	4.0%
	2.4%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	1.0%
	5%
	2.0%
	1.0%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	Total baseband
	
	26.2%
	17.0%
	
	16.2%
	10.2%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	40.8%
	100%
	33.7%
	29.6%



Observation 3: BW1 provides 6.0% and 4.1% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Analysis of performance impacts
From a data rate perspective, BW1 supports the target data rate of 10 Mbps, even with multi-slot scheduling. With separate slots for PDSCH and PDCCH and with n PDSCH for every PDCCH, the peak data rate for BW1 is the maximum data rate scaled by n / (n+1). 
With the limited BW, there may be an impact to control channel performance. For a 3 symbol CORESET, there are 12 CCEs available for 25 RBs (15 kHz SCS) and 6 CCEs for 11 RBs (30 kHz SCS) [allowing for puncturing of one RB]. Time domain repetition, as used in LTE MTC, can be used to mitigate any performance issues.
With the analysis following Fig. 1, with 30 kHz SCS, the number of RBs is insufficient to support the maximum sized RRC message (up to 2,275 bits) in a single slot when QPSK is used.
With 30 kHz SCS, 9 RBs of the SSB are located outside the 11 RB BW of the 5 MHz. With a 5 MHz bandwidth, because a UE may not be able to receive 26×12=312 of the 48×12=576 REs within the PBCH, a UE may need to lengthen the time to acquire the PBCH if a keep trying approach were used.
Analysis of network deployment and coexistence impacts
With a 5 MHz BW, there may be impacts for before, during, and after initial access.
There are three DL channel bandwidths (i.e., 5, 10, 20 MHz) with 15 kHz SCS and two bandwidths (10 and 20 MHz) with 30 kHz SCS. For any channel beyond 5 MHz, there must be coordination for which 5 MHz block of RBs is used for transmission of PDSCH. For the PDCCH, CORESET#0, which is used in the MIB-configured initial BWP, uses CCE interleaving. Thus, the CCEs will be distributed over frequency – implying that a UE supporting BW1 would receive ½ or ¼ of the CCEs within a larger bandwidth.
Another topic related to MIB-configured initial BWP is the SSB. Since the location of the SSB is relative to the start of CORESET#0, it is possible that RBs monitored / received by the Rel-18 RedCap UE may not include the PSS/SSS. A UE may need to switch frequencies to monitor the PSS/SSS. For reception of the SIB, the TBS limits may affect single slot reception of RRC messages, as described above. Due to its bandwidth, a Rel-18 RedCap UE may need to support NCD-SSB and/or FG28-1a “RRC-configured DL BWP without CD-SSB or NCD-SSB” to reduce frequency switching.
As for during initial access, assuming the network supports Rel-17 and Rel-18 RedCap devices, if the separate initial DL BWP has its own CORESET, the size of that CORESET may be tailored for Rel-18 RedCap devices. With a smaller bandwidth, the number of FDM ROs is reduced. In addition, a separate early indication may be needed to distinguish Rel-18 RedCap UE from Rel-17 RedCap UEs, especially for to ensure that scheduling Msg 2 and Msg 3 is within the bandwidth of the Rel-18 RedCap UE. There may be need for a Rel-18 RedCap UE type. For PUCCH, disabling frequency hopping is probably needed even in the connected state. It is noted that while the size of the PUCCH resources is within the 11 RB BWP, the network needs to ensure that PUCCH offsets do not place any PUCCH resources outside the UL BWP of Rel-18 RedCap UE. In addition, if a UE is capable of simultaneous PUCCH and PUSCH transmission, the UL BWP must contain the PUCCH resources. 
Analysis of specification impacts
Additional changes to Rel-17 RedCap UE specifications are anticipated. A new UE type and/or an appropriate early indication for BW1 capable is expected. Which resources a UE needs to monitor during initial access needs to be specified. In addition, modified performance requirements for PDCCH, PBCH, SIB may be needed.
Observation 4: The network deployment / co-existence impact is high for BW1 during the idle state.
From the analysis above, initial access aspects of network impact can be mitigated if a separate 5 MHz channel only for Rel-18 RedCap UEs supporting BW1 were available. The tradeoffs of the 5 MHz channel include increased overhead (SSB, control channel, signaling).
BW2
In the connected state, BW2 is similar to defining a 5 MHz BWP within a 20 MHz RF channel. In the idle / inactive state, BW2 is similar to BW1. Fig. 4(a) shows one possible layout for BW2 where the PDCCH/PDSCH and PUSCH are 5 MHz BB within a 20 MHz BW.A different 5 MHz block within a 20 MHz channel is used after 4 slots. Fig. 4(b) has the PDCCH transmitted in a different slot from the PDSCH. Fig. 4(b) is somewhat similar to MTC where each slot has at most one type of channel (PDCCH, PDSCH, and PUSCH) with the limited bandwidth resources being a subset of a potential larger RF channel.
PDCCH
5 MHz 
PDSCH
a)
PDSCH
PUSCH
PUSCH
PDSCH
PDSCH


PDCCH
5 MHz 
PDSCH
PUSCH
PUSCH
PDSCH
b)

[bookmark: _Ref106271322]Fig. 4. BW2. a) PDCCH and PDSCH can occupy same slot. b) PDCCH in a different slot from PDSCH.

Analysis of UE complexity reduction
Most of the factors for complexity reduction are similar to those listed in Table 3 except for
· Even though the RF bandwidth is 20 MHz, it is assumed that the UE will use an A/D and related processing for 5 MHz RF; this is reflected in the complexity results in Table 5. The use of a 5 MHz A/D is an implementation choice for UEs that can be enabled by using separate slots for PDCCH and PDSCH.
· The PA savings listed in Table 3 may not apply for a 20 MHz RF. The complexity results will not include this PA savings.
[bookmark: _Ref108609376]Table 5. Complexity reduction with BW2. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	R17 Reference
	Rel 17 Ref+ BW2
	Reference
	R17 Reference
	Rel 17 Ref+ BW2

	RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	15%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	55%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	5%
	5.0%
	5.0%

	Total RF
	
	77.8%
	77.8%
	
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	1.0%
	0.2%
	9%
	0.6%
	0.1%

	FFT/IFFT
	4%
	0.4%
	0.1%
	4%
	0.2%
	0.1%

	Post-FFT data buffering
	10%
	1.0%
	0.3%
	10%
	0.5%
	0.1%

	Receiver processing block
	24%
	6.0%
	3.0%
	29%
	3.6%
	1.8%

	LDPC decoding
	10%
	0.8%
	0.2%
	9%
	0.3%
	0.1%

	HARQ buffer
	14%
	1.0%
	0.3%
	12%
	0.5%
	0.1%

	DL control processing & decoder
	5%
	5.0%
	3.0%
	4%
	4.0%
	2.4%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	1.0%
	5%
	2.0%
	1.0%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	Total baseband
	
	26.2%
	17.0%
	
	16.2%
	10.2%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	41.3%
	100%
	33.7%
	30.1%



Observation 5: BW2 provides 5.5% and 3.6% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Analysis of performance impacts
The analysis for BW1 is applicable to BW2. One of the advantages of BW2 is that the 5 MHz channel operates within a channel bandwidth is 20 MHz. It may be possible for a UE to receive part of large bandwidth signal (> 5 MHz and ≤ 20 MHz) at time n and receive a different part at a short time later to improve performance without needing a frequency change in the RF.
Analysis of network deployment and coexistence impacts
The analysis for BW1 is applicable to BW2. As for TDD alignment, only the 20 MHz RF UL and DL channels need to be aligned, implying that 5 MHz UL and DL blocks can be misaligned within the RF channel. This may simplify deployment issues with the placement of the UL and DL blocks. 
Analysis of specification impacts
The analysis for BW1 is applicable to BW2.
Observation 6: BW2 has a higher slightly complexity than BW1 and with similar impacts as BW1. With its larger RF BW, BW2 may benefit with keep trying mechanisms for larger bandwidth signals and TDD alignment.
BW3
Fig. 5(a) shows one possible layout for BW3 where the PDSCH and PUSCH are 5 MHz BB within a 20 MHz BW. Conceptually, with this layout, BW3 can be viewed as a 20 MHz BWP with an RB restriction for the PDSCH/PUSCH. Fig. 5(b) has the PDCCH transmitted in a different slot from the PDSCH and may allow a 5 MHz ADC to be used for the PDSCH. As a result, the UE may not need receive a 20 MHz signal in every slot.
PDCCH
5 MHz
PDSCH
a)
PDSCH
PUSCH
PUSCH
PDSCH
PDSCH
5 MHz 
PDSCH
PUSCH
PUSCH
PDSCH
b)

[bookmark: _Ref106282385]Fig. 5. BW3. a) PDCCH and PDSCH transmitted in the same slot. b) PDCCH transmitted in a different slot from PDSCH.

Analysis of UE complexity reduction
Table 3 presents the rationale for the reduction estimates for BW3. 
Table 6. Discussion of complexity reduction for BW3 from the Rel-15 reference. When present, (a) and (b) indicate reduction when PDSCH and PDCCH are in same slot and different slots, respectively
	RF block
	Comments
	Reduction 

	Power amplifier 
	No change
	

	Filters
	No change
	

	RF transceiver (LNAs, mixer, and local oscillator)
	No change
	

	Duplexer / Switch
	No change
	

	Baseband block
	
	

	ADC / DAC
	Both DAC/ADC operate for the 20 MHz BW. It may not be possible to reduce DAC complexity because RACH can be transmitted within 20 MHz BW for initial access. The benefit of operating a slower ADC for PDSCH in (b) is not captured – it is an implementation choice.
Reduction is 80% due to 100 MHz down to 20 MHz. 
	80%

	FFT/IFFT
	The FFT/IFFT size is related to the BW. If (b) is used, the FFT can run at slower rate as PDCCH is at most 3 symbols. The reduction is less than 95% as a 20 MHz FFT is needed for PDCCH. Note each RO is generally less than 5 MHz for FR1.
Also at most 2 SSBs per slot with each PBCH  <10 MHz BW for 3 symbols.
	(a) 80%, (b) 90%

	Post-FFT data buffering
	Similar reasoning as FFT/IFFT
	(a) 80%, (b) 90%

	Receiver processing block
	Same aspects scale with PDSCH BW but PDCCH is 20 MHz. For Rel-17 RedCap, we used 50% while for BW1, we used 75%. Since UE can use 20 MHz processing for tracking loops but the rate is slower, we suggest an additional savings for (b)
	(a) 50%, (b) 60%

	LDPC decoding
	TB size scales with bandwidth of PDSCH
	95%

	HARQ buffer
	TB size scales with bandwidth of PDSCH
	95%

	DL control processing & decoder
	(b) allows decoding to be slightly slower
	(a) 0%, (b) 10%

	Synchronization / cell search block
	
	

	UL processing block
	While the TBS scales with the BW, UCI does not. If PUCCH is one sided, the BW1 number can be  used.
	80%

	MIMO specific processing blocks
	
	



Table 7. Complexity reduction with BW3. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	R17 Reference
	Rel 17 Ref+ BW3
	Reference
	R17 Reference
	Rel 17 Ref+ BW3

	RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	15%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	55%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	5%
	5.0%
	5.0%

	Total RF
	
	77.8%
	77.8%
	
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	1.0%
	1.0%
	9%
	0.6%
	0.6%

	FFT/IFFT
	4%
	0.4%
	0.2%
	4%
	0.2%
	0.1%

	Post-FFT data buffering
	10%
	1.0%
	0.5%
	10%
	0.5%
	0.3%

	Receiver processing block
	24%
	6.0%
	2.4%
	29%
	3.6%
	1.5%

	LDPC decoding
	10%
	0.8%
	0.2%
	9%
	0.3%
	0.1%

	HARQ buffer
	14%
	1.0%
	0.3%
	12%
	0.5%
	0.1%

	DL control processing & decoder
	5%
	5.0%
	4.5%
	4%
	4.0%
	3.6%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	1.0%
	5%
	2.0%
	1.0%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	Total baseband
	
	26.2%
	19.0%
	
	16.2%
	11.7%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	42.5%
	100%
	33.7%
	31.0%



Observation 7: BW3 provides 4.3% and 2.7% improvement over Rel-17 RedCap for FDD and TDD, respectively.

Analysis of performance impacts
With separate slots for PDSCH and PDCCH and with n PDSCH for every PDCCH, the peak data rate for BW3 is the maximum data rate scaled by n / (n+1). Even with the slight reduction, the data rate is greater than 10 Mbps, especially for n>1. Unlike BW1 and BW2, there is no impact to the PDCCH or reception of the SSB (PBCH) with BW3.
With the 11 RB limit for 30 kHz SCS, there may be impact to receiving larger size RRC messages in a signal slot. But as mentioned with BW2, it may be possible to keep trying techniques for such messages. Note if PDSCH is transmitted in a different slot as the PBCH, the PBCH, it may be possible to receive the entire PBCH without performance loss.
Analysis of network deployment and coexistence impacts
With BW3, the control channel and SSB can be received as specified for Rel-17 RedCap. For the idle state, a network supporting Rel-18 RedCap UEs would need to ensure there is sufficient delay for the scheduled PDSCH and that the size of allocation does not exceed 5 MHz. There may be need for an early indication for BW3 in Msg. 1 because the intra-slot frequency span of Msg. 3 should not exceed 5 MHz. For example, Msg. 3 frequency hopping could be disabled.
The comments regarding PUCCH for BW1 are applicable to BW3.
Analysis of specification impacts
There may be scheduling restrictions to enable separate slots for PDCCH and PDSCH and to enable the UE to switch from 20 MHz to 5 MHz operation quickly.

Summary of BW1-BW3 impacts
The following table summarizes some of the impacts of BW1-BW3.
Table 8. Summary of impacts of BW1-BW3
	
	BW1
	BW2
	BW3

	10 Mbps data rate support
	Meet
	Meet
	Meet

	PBCH performance with 30 kHz SCS and 5 MHz BW
	May need variations of keep trying
	May need variations of keep trying
	Depending on scheduling, can receive PBCH fully

	PDCCH performance and aggregation levels
	May need variations of keep trying
	May need variations of keep trying
	No impact

	[bookmark: _Hlk111096952]Sharing RACH occasions between Rel-17 and Rel-18 RedCap
	May be possible
	May be able to reuse Rel-17 RedCap RO
	May be able to reuse Rel-17 RedCap RO

	5 MHz Msg 3 transmissions and early identification
	Needed
	Needed
	Needed

	Maximum RRC message size for a single slot transmission?
	30 kHz SCS may be a limiting factor
	30 kHz SCS may be a limiting factor
	30 kHz SCS may be a limiting factor

	PSS/SSS / NCD-SSB (6.1, 28-1, 28-1a)
	May need 28-1a
	28-1a possibly not needed if (N)CD-SSB within 20 MHz BW
	28-1a possibly not needed if (N)CD-SSB within 20 MHz BW

	TDD alignment of 5 MHz UL and DL blocks.
	Needed
	Not needed
	Not needed

	Simultaneous PUCCH and PUSCH transmission with 5 MHz BW
	Restricted
	Restricted
	Restricted

	Disable PUCCH hopping in connected state
	Probably necessary
	Probably necessary
	Probably necessary



Based on the impacts, among BW1-BW3, BW3 has lowest amount of impact.
[bookmark: _Hlk111097019]Proposal 1: BW3 should be considered for the WID for its relatively small deployment and specification impact
BW1 has the highest amount of complexity reduction and impact. As mentioned before, a 5 MHz allocation reserved for BW1-capable devices would lessen the impact of deployment.
Proposal 2: If BW1 were supported, it is recommended that a separate 5 MHz allocation be used to reduce the impact of deployment.
[bookmark: _Ref111116666]Peak data rate reduction
From RAN1#109, the following agreements were reached for peak data reduction options [5]. 
	Agreement:
· The following options for further UE peak rate reduction can be studied:
· Option PR1: Relaxation of the constraint  for peak data rate reduction.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· At least the following cases are studied:
· The studied peak rate reduction applies to both UE-specific (unicast) and common (broadcast) channels.
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.




	Agreement:
· The restricted number of PRBs in Option PR3 is a hardcoded limit.

Agreement:
· For Option PR1,
· The relaxed constraint is 1 (instead of 4).
· Other values for the relaxed constraint that meet the 10-Mbps peak rate target can optionally be studied.
· The parameters  [38.306] can be as in Rel-17 RedCap.
· For Option PR2,
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· For 30 kHz SCS, the maximum TBS is 5000 bits per TB and per slot.
· For Option PR3,
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· Other number of RBs that meet the 10-Mbps peak rate target can optionally be studied.
· Note: It is not precluded to report results also for other values.
· Relevant assumptions (e.g., regarding potential limitations of the TBS sum in case of more than one simultaneous TB) should be reported.



PR1
In the appendix, relevant clauses from 38.214 and 38.306 are provided for the discussion about PR1. In 38.214, there is a calculation that determines the transport block size (TBS) (A) per slot given the peak data. When the Rel-17 complexity reduction features are considered (1 MIMO layer, no CA), the formula for the TBS becomes 

where  10-3/2(j), where (j) is the numerology for PDSCH in a slot in the serving cell and 

with L=24 is the number of parity bits for the CRC and . In general, 

The implication is that the maximum TBS (A) per slot is the peak data rate / number of slots per second.
Based on the calculations for peak data rate in the appendix, the following calculation in Table 9 is used to determine the peak data rate as a function of f. The maximum TBS is equal to the data rate divided by the number of slots per second.
[bookmark: _Ref109040632]Table 9. Data rate calculation for 15 kHz and 30 kHz SCS. Shaded rows correspond to existing values of .
	
	
	15 kHz SCS
	30 kHz SCS

	
	
	, Mbps
	Max TBS 
	, Mbps
	Max TBS

	0.15
	0.9
	12.76
	13,000
	12.28
	6,000

	0.2
	1.2
	17.01
	17,000
	16.37
	8,000

	0.25
	1.5
	21.27
	21,000
	20.46
	10,000

	0.3
	1.8
	25.52
	26,000
	24.56
	12,500

	0.4
	2.4
	34.03
	34,000
	32.74
	16,500

	0.75
	4.0
	63.80
	64,000
	61.39
	30,500

	0.8
	4.8
	68.06
	68,000
	65.49
	32,500

	1
	6.0
	85.07
	85,000
	81.86
	41,000



When f(j)=0.2 (relaxed constraint of 1), the maximum TBS is 17,000 and 8,000 for 15 and 30 kHz SCS, respectively. Comparing f(j)=0.75 and 20 MHz BW, the TBS is (64,000 and 30,500 bits for 15 and 30 kHz SCS), there is a reduction in the number of information bits processed, which impacts LPDC decoding and HARQ buffering. An estimate of the reduction in the number of bits is (1.0-17/64) = 75% and, for 30 kHz SCS, (1.0-8/30.5) = 74%. A value of 75% is used in Table 10 and Table 11.
Analysis of UE complexity reduction
Table 10 presents the rationale for the reduction estimates for PR1.
It is noted that separating PDSCH and PDCCH into different slots is not used because 38.214 effectively limits the maximum TBS each slot as the ratio of the peak data rate and slot rate.
[bookmark: _Ref109026534]Table 10. Discussion of complexity reduction for PR1. 
	RF block
	Comments
	Reduction 

	Power amplifier 
	No change
	

	Filters
	No change
	

	RF transceiver (LNAs, mixer, and local oscillator)
	No change
	

	Duplexer / Switch
	No change
	

	Baseband block
	
	

	ADC / DAC
	BW reduction of 20 MHz already applies 
	

	FFT/IFFT
	BW reduction of 20 MHz already applies
	

	Post-FFT data buffering
	BW reduction of 20 MHz already applies
	

	Receiver processing block
	BW reduction of 20 MHz already applies
	

	LDPC decoding
	Decoding rate is related to the TBS reduction
	75%

	HARQ buffer
	Decoding rate is related to the TBS reduction
	75%

	DL control processing & decoder
	No change
	

	Synchronization / cell search block
	No change
	

	UL processing block
	The smaller TB can reduce LDPC encoding complexity. However, subsequent steps starting with rate matching do not change in complexity
	25%

	MIMO specific processing blocks
	No change
	



[bookmark: _Ref109036667]Table 11. Complexity reduction with PR1. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	R17 Reference
	Rel 17 Ref+ PR1
	Reference
	R17 Reference
	Rel 17 Ref+ PR1

	RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	15%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	55%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	5%
	5.0%
	5.0%

	Total RF
	
	77.8%
	77.8%
	
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	1.0%
	1.0%
	9%
	0.6%
	0.6%

	FFT/IFFT
	4%
	0.4%
	0.4%
	4%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	1.0%
	1.0%
	10%
	0.5%
	0.5%

	Receiver processing block
	24%
	6.0%
	6.0%
	29%
	3.6%
	3.6%

	LDPC decoding
	10%
	0.8%
	0.2%
	9%
	0.3%
	0.1%

	HARQ buffer
	14%
	1.0%
	0.3%
	12%
	0.5%
	0.1%

	DL control processing & decoder
	5%
	5.0%
	5.0%
	4%
	4.0%
	4.0%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	1.5%
	5%
	2.0%
	1.5%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	Total baseband
	
	26.2%
	24.3%
	
	16.2%
	15.1%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	45.7%
	100%
	33.7%
	33.0%



Observation 8: PR1 provides 1.1% and 0.7% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Analysis of performance impacts
PR1 limits the data rate without impacting other aspects of system operation. With no other changes, PR1 mostly affects the decoding/encoding and HARQ processes in the physical layer. It is noted, the reduced data rate may impact L2 buffering (smaller buffers) and data rate transfers to/from L2 and the physical layer. 
Analysis of network deployment and coexistence impacts
Since the peak data rate limit applies after initial access and only to the shared channels, it is anticipated that there are no additional impacts to coexistence or network deployment.
Analysis of specification impacts
It is expected that a feature group indicating value of factor f(j) supported by the UE is needed. As the specifications express TBS as a function of the data rate, the specification impact is primarily 38.306.
Observation 9: Based on analysis, the network deployment / coexistence impact and specification impact for PR1 is limited.

PR2
Restricting the TBS is a technique that ensures the data rate is no greater than 10 Mbps. This technique is used for RRC messages to limit the resources needed for control signaling. In order to determine the complexity reduction, the TBS is given by
	
	
	[bookmark: _Ref82499550][bookmark: _Ref82499569](2)



Substituting , , and  yields a TBS of 91,800 for 20 MHz BW (15 kHz SCS). Note that corresponding data rate for this allowable TBS value is much larger than 50 Mbps. The reduction in TBS is (1-10/91.8)=89%. If the allowable TBS is smaller (64,000 for f=0.75 in Table 9), the reduction is 84%. A value of 85% is used.
Analysis of UE complexity reduction
Table 3 presents the justification for the reduction estimates for PR2. 
Table 12. Discussion of complexity reduction for PR2.
	RF block
	Comments
	Reduction 

	Power amplifier 
	No change
	

	Filters
	No change
	

	RF transceiver (LNAs, mixer, and local oscillator)
	No change
	

	Duplexer / Switch
	No change
	

	Baseband block
	
	

	ADC / DAC
	BW reduction of 20 MHz already applies 
	

	FFT/IFFT
	BW reduction of 20 MHz already applies
	

	Post-FFT data buffering
	BW reduction of 20 MHz already applies
	

	Receiver processing block
	BW reduction of 20 MHz already applies
	

	LDPC decoding
	Decoding rate is related to the TBS reduction
	85%

	HARQ buffer
	Decoding rate is related to the TBS reduction
	85%

	DL control processing & decoder
	No change
	

	Synchronization / cell search block
	No change
	

	UL processing block
	The smaller TBS can reduce LDPC encoding complexity. However, subsequent steps starting with rate matching do not change in complexity
	30%

	MIMO specific processing blocks
	No change
	



Table 13. Complexity reduction with PR2. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	R17 Reference
	Rel 17 Ref+ PR2
	Reference
	R17 Reference
	Rel 17 Ref+ PR2

	RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	15%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	55%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	5%
	5.0%
	5.0%

	Total RF
	
	77.8%
	77.8%
	
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	1.0%
	1.0%
	9%
	0.6%
	0.6%

	FFT/IFFT
	4%
	0.4%
	0.4%
	4%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	1.0%
	1.0%
	10%
	0.5%
	0.5%

	Receiver processing block
	24%
	6.0%
	6.0%
	29%
	3.6%
	3.6%

	LDPC decoding
	10%
	0.8%
	0.1%
	9%
	0.3%
	0.1%

	HARQ buffer
	14%
	1.0%
	0.2%
	12%
	0.5%
	0.1%

	DL control processing & decoder
	5%
	5.0%
	5.0%
	4%
	4.0%
	4.0%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	1.4%
	5%
	2.0%
	1.4%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	Total baseband
	
	26.2%
	24.0%
	
	16.2%
	14.9%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	45.5%
	100%
	33.7%
	32.9%



Observation 10: PR2 provides 1.3% and 0.8% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Comparing PR2 to PR1, PR2 provides a strict data rate reduction to 10 Mbps while the data rate for PR1 is slightly higher. As a result, there is more reduction in the decoding / HARQ buffering.
Analysis of performance impacts
PR2 mostly affects the decoding/encoding and HARQ processes in the physical layer. It is noted, the reduced data rate may impact L2 buffering (smaller buffers) and data rate transfers to/from L2 and the physical layer. 
Analysis of network deployment and coexistence impacts
Since the TBS limit applies after initial access and only to the shared channels, it is anticipated that there are no additional impacts to coexistence or network deployment.
Analysis of specification impacts
It is expected that a feature group indicating the TBS restriction supported by the UE is needed. There may be impact to 38.214 for the maximum TBS supported. In addition, there may be impact to 38.306 with regards to the formula (whether it is applicable for a fixed TBS).
Observation 11: Based on analysis, the network deployment / coexistence impact and specification impact for PR2 is limited.

PR3
This technique limits the number of RBs. It is not much different than the BW3 for the shared channel processing. However, with PR3, the allowed number of RBs can be distributed within 20 MHz. The implication is that any potential ADC/DAC and buffering savings may not be possible as demonstrated for BW3.
Analysis of UE complexity reduction
Table 3 presents the justification for the reduction estimates for PR3. 
Table 14. Discussion of complexity reduction for PR3. 
	RF block
	Comments
	Reduction 

	Power amplifier 
	No change
	

	Filters
	No change
	

	RF transceiver (LNAs, mixer, and local oscillator)
	No change
	

	Duplexer / Switch
	No change
	

	Baseband block
	
	

	ADC / DAC
	BW reduction of 20 MHz already applies 
	

	FFT/IFFT
	BW reduction of 20 MHz already applies
	

	Post-FFT data buffering
	BW reduction of 20 MHz already applies
	

	Receiver processing block
	Reduction from 20 MHz down to 5 MHz in terms of RBs (106  25; 51  11), but some functions may not scale with RBs
	50%

	LDPC decoding
	Reduction from 20 MHz down to 5 MHz in terms of RBs (106  25; 51  11)
	75%

	HARQ buffer
	Reduction from 20 MHz down to 5 MHz in terms of RBs (106  25; 51  11)
	75%

	DL control processing & decoder
	No change
	

	Synchronization / cell search block
	No change
	

	UL processing block
	The smaller TB can reduce LDPC encoding complexity. However, subsequent steps starting with rate matching do not change in complexity
	25%

	MIMO specific processing blocks
	No change
	



Table 15. Complexity reduction with PR3. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	R17 Reference
	Rel 17 Ref+ PR3
	Reference
	R17 Reference
	Rel 17 Ref+ PR3

	=RF

	Power amplifier 
	25%
	25.0%
	25.0%
	25%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	15%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	55%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	5%
	5.0%
	5.0%

	Total RF
	
	77.8%
	77.8%
	
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	1.0%
	1.0%
	9%
	0.6%
	0.6%

	FFT/IFFT
	4%
	0.4%
	0.4%
	4%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	1.0%
	1.0%
	10%
	0.5%
	0.5%

	Receiver processing block
	24%
	6.0%
	3.0%
	29%
	3.6%
	1.8%

	LDPC decoding
	10%
	0.8%
	0.2%
	9%
	0.3%
	0.1%

	HARQ buffer
	14%
	1.0%
	0.3%
	12%
	0.5%
	0.1%

	DL control processing & decoder
	5%
	5.0%
	5.0%
	4%
	4.0%
	4.0%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	1.5%
	5%
	2.0%
	1.5%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	9%
	2.3%
	2.3%

	Total baseband
	
	26.2%
	21.3%
	
	16.2%
	13.3%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	43.9%
	100%
	33.7%
	31.9%



Observation 12: PR3 provides 2.9% and 1.8% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Analysis of performance impacts
PR3 has less complexity compared to PR1 and PR2 due to the reduction in receiver processing block. Despite the limit in the number of RBs, the supported data rate for PR3 is higher than PR1 and PR2. Based on (2), PR3 can support 21.6 Mbps for 15 kHz SCS.
Analysis of network deployment and coexistence impacts
PR3 may have some impact to initial access and idle state signaling. It is possible that an encoded payload can exceed the scheduled assignment / grant in terms for RBs. (see the discussion for 25 / 11 RBs in section 2.2 and BW1. Thus there may be potential impact to existing UEs (Rel-17 and non-RedCap UEs).
Similar to the BW techniques, some UL resources need to be contiguous for the UE to transmit PUCCH. Disabling frequency hopping may be necessary with the limited number of RBs.
Analysis of specification impacts
It is expected that a feature group indicating the MCS restriction supported by the UE is needed. There may be that the RB limits are conveyed in Msg3 (early indication) to ensure subsequent transmissions meet any associated TBS limits. The scheduler (and eventual DCI signaling) can capture the RB size constraints. In addition, there may be impact to 38.306 with regards to the formula (whether it is applicable for a limited RBs).
Summary of PR1-PR3 impacts
The following table summarizes some of the impacts of PR1-PR3.
Table 16. Summary of impacts of PR1-PR3
	
	PR1
	PR2
	PR3

	10 Mbps data rate support
	Meet
	Meet
	Meet

	PBCH performance 
	No impact
	No impact
	If PBCH limited in RB size, may need keep trying approaches for 30 kHz SCS

	PDCCH performance and aggregation levels
	No impact
	No impact
	No impact

	Sharing RACH occasions between Rel-17 and Rel-18 RedCap
	No impact
	No impact
	May be able to reuse Rel-17 RedCap RO

	Msg 3 transmissions and early identification
	Same as Rel-17
	Same as Rel-17
	May be needed for Msg3 transmission

	Maximum RRC message size for a single slot transmission?
	No impact
	No impact
	30 kHz SCS may be a limiting factor

	PSS/SSS / NCD-SSB (6.1, 28-1, 28-1a)
	Same as Rel-17
	Same as Rel-17
	Same as Rel-17

	TDD alignment of 5 MHz UL and DL blocks.
	Same as Rel-17
	Same as Rel-17
	Same as Rel-17

	Simultaneous PUCCH and PUSCH transmission with 5 MHz BW
	Same as Rel-17
	Same as Rel-17
	Not necessary

	Disable PUCCH hopping in connected state
	Not needed
	Not needed
	Probably necessary. Block of consecutive RBS for PUCCH needed



Observation 13: Among the three PR techniques, PR3 has the largest amount of complexity reduction.

Processing time relaxation
In RAN1#109, the following agreements were made regarding processing time relaxation [5].
	Agreement:
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.

Agreement:
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.




PT1
The two key parameters for PT1, N1 and N2, are defined in 38.214, clauses 5.3 (DL) and 6.4 (UL), respectively. For the DL,

or

For UL,

Or 

In simple terms, Tproc,1 is the time after the end of the last symbol of PDSCH for the transmission of PUCCH while Tproc,2 is the time after the end the last symbol of PDCCH for the transmission of PUSCH. 
PDSCH processing time relaxation was examined in the Rel-17 study item, In clause 7.5 of 38.875 [2], the complexity estimate was based on doubling N1 and N2 to 
-	N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
-	N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS
The TR noted the complexities for “Baseband: Receiver processing block”, “Baseband: LDPC decoding”, “Baseband: DL control processing & decoder” and “Baseband: UL processing block” have average reductions of 15%, 35%, 25%, and 25%, respectively. Based on reported results, there is a 6% reduction for a reference design. 
Analysis
Using those numbers, the combination of processing time relaxation and the baseline Rel-17 RedCap UE is presented below.
[bookmark: _Ref110415819]Table 17. Complexity reduction with PT1. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	Estimate
	Baseline
	Baseline + mod
	Reference
	Estimate
	Baseline
	Baseline + Mod

	RF

	Antenna array for FR2
	
	
	
	
	
	
	
	

	Power amplifier 
	25%
	25.0%
	25.0%
	25.0%
	25%
	25.0%
	25.0%
	25.0%

	Filters
	10%
	10.0%
	5.0%
	5.0%
	15%
	15.0%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	45.0%
	27.8%
	27.8%
	55%
	55.0%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	20.0%
	5%
	5.0%
	5.0%
	5.0%

	Total RF
	
	100.0%
	77.8%
	77.8%
	
	100.0%
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	10.0%
	1.0%
	1.0%
	9%
	9.0%
	0.6%
	0.6%

	FFT/IFFT
	4%
	4.0%
	0.4%
	0.4%
	4%
	4.0%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	10.0%
	1.0%
	1.0%
	10%
	10.0%
	0.5%
	0.5%

	Receiver processing block
	24%
	20.4%
	6.0%
	5.1%
	29%
	24.7%
	3.6%
	3.1%

	LDPC decoding
	10%
	6.5%
	0.8%
	0.5%
	9%
	5.9%
	0.3%
	0.2%

	HARQ buffer
	14%
	14%
	1.1%
	1.1%
	12%
	12%
	0.5%
	0.5%

	DL control processing & decoder
	5%
	3.8%
	5.0%
	3.8%
	4%
	3.0%
	4.0%
	3.0%

	Synchronization / cell search block
	9%
	9.0%
	4.5%
	4.5%
	9%
	9.0%
	2.3%
	2.3%

	UL processing block
	5%
	3.8%
	2.0%
	1.5%
	5%
	3.8%
	2.0%
	1.5%

	MIMO specific processing blocks
	9%
	9.0%
	4.5%
	4.5%
	9%
	9.0%
	2.3%
	2.3%

	Total baseband
	
	90.4%
	26.2%
	23.1%
	
	90.3%
	16.2%
	14.0%

	Total overall [40% RF: 60% BB]
	100%
	94.2%
	46.8%
	45.1%
	100%
	93.4%
	33.7%
	32.4%



Observation 14: PT1 provides 1.7% and 1.3% additional complexity reduction for FDD and TDD, respectively, compared to the baseline. 
Examining Table 17 shows the blocks with the largest reductions being “Receiver processing block” with 0.9% and 0.5% reduction for FDD and TDD, respectively and “DL control processing & decoder” with 1.2% and 1% reduction for FDD and TDD, respectively. Per agreements, complexity estimates for processing rate relaxations alone would not be captured in the result spreadsheets. 
When combining PT1 with BW1-BW3, it is necessary to avoid double counting reductions in DL control processing block. We will not use any value for “Baseband: DL control processing & decoder” when looking at combinations of BW and PT1.
PT2
Background
Clause 5.4 of 38.214 [4] specifies the processing time when the CSI request field in a DCI triggers a CSI report(s) on the PUSCH. There are two terms for specifying the first uplink symbol for the corresponding CSI report

and 

where the timing is defined after the end of the last symbol of the PDCCH triggering the CSI report(s).
The clauses specify which values of tables 5.4-1 and 5.4-2 are used and under what conditions: , , and . Z1 is related to wideband frequency-granularity, Z3 is primarily used when report Quantity is set to 'cri-RSRP' or 'ssb-Index-RSRP' and is related to beamReportTiming while Z2 is used for the otherwise case. Focusing on 15 kHz SCS, Z1 is 10 symbols (<1 ms) in table 5.4-1 and 22 symbols (> 1.5 ms) in table 5.4-2. Z2 is 40 symbols (< 3 ms).
In our understanding of specification for CSI computation time, when a trigger is received in a DCI, a UE has a limited amount of time to generate the appropriate report. By doubling Z1 and Z2, the UE has additional time to generate the report in the UL processing block. Within this additional time, a UE can compute the CSI-based statistics in the MIMO specific processing block at a slower rate. Based on this understanding, the “Baseband: UL processing block” and “Baseband: MIMO specific processing block” have reductions of 20% and 20%, respectively.
It is noted that only one company provided complexity reduction estimates for CSI relaxation in TR [2] for Rel-17. The values reported, the “Baseband: DL control processing & decoder”, “Baseband: UL processing block”, and “Baseband: MIMO specific processing block” have reductions of 50%, 20%, and 50%, respectively. 
Analysis
It is possible to estimate the complexity reduction in comparison to the baseline.
Table 18. Complexity reduction with PT2. Red font indicates changed value from Rel 17 reference.
	
	FR1 FDD
	FR1 TDD

	Functional block
	Reference
	Estimate
	Baseline
	Baseline + mod
	Reference
	Estimate
	Baseline
	Baseline + Mod

	RF

	Antenna array for FR2
	
	
	
	
	
	
	
	

	Power amplifier 
	25%
	25.0%
	25.0%
	25.0%
	25%
	25.0%
	25.0%
	25.0%

	Filters
	10%
	10.0%
	5.0%
	5.0%
	15%
	15.0%
	3.8%
	3.8%

	RF transceiver (including LNAs, mixer, and local oscillator)
	45%
	45.0%
	27.8%
	27.8%
	55%
	55.0%
	26.1%
	26.1%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	20.0%
	5%
	5.0%
	5.0%
	5.0%

	Total RF
	
	100.0%
	77.8%
	77.8%
	
	100.0%
	59.9%
	59.9%

	Baseband

	ADC / DAC
	10%
	10.0%
	1.0%
	1.0%
	9%
	9.0%
	0.6%
	0.6%

	FFT/IFFT
	4%
	4.0%
	0.4%
	0.4%
	4%
	4.0%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	10.0%
	1.0%
	1.0%
	10%
	10.0%
	0.5%
	0.5%

	Receiver processing block
	24%
	24.0%
	6.0%
	6.0%
	29%
	29.0%
	3.6%
	3.6%

	LDPC decoding
	10%
	10.0%
	0.8%
	0.8%
	9%
	9.0%
	0.3%
	0.3%

	HARQ buffer
	14%
	14.0%
	1.1%
	1.1%
	12%
	12.0%
	0.5%
	0.5%

	DL control processing & decoder
	5%
	5.0%
	5.0%
	2.5%
	4%
	5.0%
	4.0%
	2.0%

	Synchronization / cell search block
	9%
	9.0%
	4.5%
	4.5%
	9%
	9.0%
	2.3%
	2.3%

	UL processing block
	5%
	4.0%
	2.0%
	1.6%
	5%
	4.0%
	2.0%
	1.6%

	MIMO specific processing blocks
	9%
	7.2%
	4.5%
	3.6%
	9%
	7.2%
	2.3%
	1.8%

	Total baseband
	
	97.2%
	26.2%
	18.9%
	
	97.2%
	16.2%
	15.3%

	Total overall [40% RF: 60% BB]
	100%
	98.3%
	46.8%
	46.0%
	100%
	98.3%
	33.7%
	33.2%



The additional complexity reduction is 0.6% for FDD and 0.5% for TDD over a baseline Rel-17 RedCap device. We expect some discussions are needed to converge on complexity estimates for PT2.

Combinations
There was also another agreement on which techniques are examined [5]. 
	Agreement 
· [bookmark: _Hlk110596969]UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2



Table 19 and Table 20 show the complexity reductions when combined with both processing relaxation techniques for FDD and TDD, respectively.
[bookmark: _Ref110863209]Table 19. FDD: Technique + PT1 + PT2
	Functional block
	Reference
	Baseline
	BW1+PT1+PT2
	BW2+PT1+PT2
	BW3+PT1+PT2
	PR1+PT1+PT2
	PR2+PT1+PT2
	PR3+PT1+PT2

	RF

	Power amplifier 
	25%
	25.0%
	23.8%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	27.8%
	27.8%
	27.8%
	27.8%
	27.8%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%

	Total RF
	
	77.8%
	76.5%
	77.8%
	77.8%
	77.8%
	77.8%
	77.8%

	Baseband

	ADC / DAC
	10%
	1.0%
	0.2%
	0.2%
	1.0%
	1.0%
	1.0%
	1.0%

	FFT/IFFT
	4%
	0.4%
	0.1%
	0.1%
	0.2%
	0.4%
	0.4%
	0.4%

	Post-FFT data buffering
	10%
	1.0%
	0.3%
	0.3%
	0.5%
	1.0%
	1.0%
	1.0%

	Receiver processing block
	24%
	6.0%
	2.6%
	2.6%
	2.0%
	5.1%
	5.1%
	2.6%

	LDPC decoding
	10%
	0.8%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	HARQ buffer
	14%
	1.1%
	0.3%
	0.3%
	0.3%
	0.3%
	0.2%
	0.3%

	DL control processing & decoder
	5%
	5.0%
	3.0%
	3.0%
	4.5%
	3.8%
	3.8%
	3.8%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%

	UL processing block
	5%
	2.0%
	0.6%
	0.6%
	0.6%
	0.9%
	0.8%
	0.9%

	MIMO specific processing blocks
	9%
	4.5%
	3.6%
	3.6%
	3.6%
	3.6%
	3.6%
	3.6%

	Total baseband
	
	26.2%
	15.2%
	15.2%
	17.3%
	20.6%
	20.4%
	18.0%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	39.7%
	40.2%
	41.5%
	43.5%
	43.3%
	41.9%



[bookmark: _Ref110863211]Table 20. TDD: Technique + PT1 + PT2
	Functional block
	Reference
	Baseline
	BW1+PT1+PT2
	BW2+PT1+PT2
	BW3+PT1+PT2
	PR1+PT1+PT2
	PR2+PT1+PT2
	PR3+PT1+PT2

	RF

	Power amplifier 
	25%
	25.0%
	23.8%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	Filters
	15%
	3.8%
	3.8%
	3.8%
	3.8%
	3.8%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	55%
	26.1%
	26.1%
	26.1%
	26.1%
	26.1%
	26.1%
	26.1%

	Duplexer / Switch
	5%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%

	Total RF
	
	59.9%
	58.6%
	59.9%
	59.9%
	59.9%
	59.9%
	59.9%

	Baseband

	ADC / DAC
	9%
	0.6%
	0.1%
	0.1%
	0.6%
	0.6%
	0.6%
	0.6%

	FFT/IFFT
	4%
	0.2%
	0.1%
	0.1%
	0.1%
	0.2%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	0.5%
	0.1%
	0.1%
	0.3%
	0.5%
	0.5%
	0.5%

	Receiver processing block
	29%
	3.6%
	1.5%
	1.5%
	1.2%
	3.1%
	3.1%
	1.5%

	LDPC decoding
	9%
	0.3%
	0.1%
	0.1%
	0.1%
	0.1%
	0.0%
	0.1%

	HARQ buffer
	12%
	0.5%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	DL control processing & decoder
	4%
	4.0%
	2.4%
	2.4%
	3.6%
	3.0%
	3.0%
	3.0%

	Synchronization / cell search block
	9%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	0.6%
	0.6%
	0.6%
	0.8%
	0.8%
	0.8%

	MIMO specific processing blocks
	9%
	2.3%
	1.8%
	1.8%
	1.8%
	1.8%
	1.8%
	1.8%

	Total baseband
	
	16.2%
	9.0%
	9.0%
	10.5%
	12.4%
	12.3%
	10.9%

	Total overall [40% RF: 60% BB]
	100%
	33.7%
	28.9%
	29.4%
	30.3%
	31.4%
	31.3%
	30.5%



Table 21 and Table 22 show the complexity reductions when combined with PDSCH / PUSCH processing relaxation technique for FDD and TDD, respectively.
[bookmark: _Ref110864940]Table 21. FDD: Technique + PT1
	Functional block
	Reference
	Baseline
	BW1 + PT1
	BW2 + PT1
	BW3 + PT1
	PR1 + PT1
	PR2 + PT1
	PR3 + PT1

	RF

	Power amplifier 
	25%
	25.0%
	23.8%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	Filters
	10%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%

	RF transceiver (LNAs, mixer, and local oscillator)
	45%
	27.8%
	27.8%
	27.8%
	27.8%
	27.8%
	27.8%
	27.8%

	Duplexer / Switch
	20%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%

	Total RF
	
	77.8%
	76.5%
	77.8%
	77.8%
	77.8%
	77.8%
	77.8%

	Baseband

	ADC / DAC
	10%
	1.0%
	0.2%
	0.2%
	1.0%
	1.0%
	1.0%
	1.0%

	FFT/IFFT
	4%
	0.4%
	0.1%
	0.1%
	0.2%
	0.4%
	0.4%
	0.4%

	Post-FFT data buffering
	10%
	1.0%
	0.3%
	0.3%
	0.5%
	1.0%
	1.0%
	1.0%

	Receiver processing block
	24%
	6.0%
	2.6%
	2.6%
	2.0%
	5.1%
	5.1%
	2.6%

	LDPC decoding
	10%
	0.8%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	HARQ buffer
	14%
	1.1%
	0.3%
	0.3%
	0.3%
	0.3%
	0.2%
	0.3%

	DL control processing & decoder
	5%
	5.0%
	3.0%
	3.0%
	4.5%
	3.8%
	3.8%
	3.8%

	Synchronization / cell search block
	9%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%

	UL processing block
	5%
	2.0%
	0.8%
	0.8%
	0.8%
	1.1%
	1.1%
	1.1%

	MIMO specific processing blocks
	9%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%
	4.5%

	Total baseband
	
	26.2%
	16.3%
	16.3%
	18.3%
	21.7%
	21.5%
	19.2%

	Total overall [40% RF: 60% BB]
	100%
	46.8%
	40.4%
	40.9%
	42.1%
	44.1%
	44.0%
	42.6%



[bookmark: _Ref110864943]Table 22. TDD: Technique + PT1
	Functional block
	Reference
	Baseline
	BW1 + PT1
	BW2 + PT1
	BW3 + PT1
	PR1 + PT1
	PR2 + PT1
	PR3 + PT1

	RF

	Power amplifier 
	25%
	25.0%
	23.8%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	Filters
	15%
	3.8%
	3.8%
	3.8%
	3.8%
	3.8%
	3.8%
	3.8%

	RF transceiver (LNAs, mixer, and local oscillator)
	55%
	26.1%
	26.1%
	26.1%
	26.1%
	26.1%
	26.1%
	26.1%

	Duplexer / Switch
	5%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%
	5.0%

	Total RF
	
	59.9%
	58.6%
	59.9%
	59.9%
	59.9%
	59.9%
	59.9%

	Baseband

	ADC / DAC
	9%
	0.6%
	0.1%
	0.1%
	0.6%
	0.6%
	0.6%
	0.6%

	FFT/IFFT
	4%
	0.2%
	0.1%
	0.1%
	0.1%
	0.2%
	0.2%
	0.2%

	Post-FFT data buffering
	10%
	0.5%
	0.1%
	0.1%
	0.3%
	0.5%
	0.5%
	0.5%

	Receiver processing block
	29%
	3.6%
	1.5%
	1.5%
	1.2%
	3.1%
	3.1%
	1.5%

	LDPC decoding
	9%
	0.3%
	0.1%
	0.1%
	0.1%
	0.1%
	0.0%
	0.1%

	HARQ buffer
	12%
	0.5%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%

	DL control processing & decoder
	4%
	4.0%
	2.4%
	2.4%
	3.6%
	3.0%
	3.0%
	3.0%

	Synchronization / cell search block
	9%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%

	UL processing block
	5%
	2.0%
	0.8%
	0.8%
	0.8%
	1.1%
	1.1%
	1.1%

	MIMO specific processing blocks
	9%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%
	2.3%

	Total baseband
	
	16.2%
	9.7%
	9.7%
	11.2%
	13.1%
	13.0%
	11.6%

	Total overall [40% RF: 60% BB]
	100%
	33.7%
	29.3%
	29.8%
	30.7%
	31.8%
	31.8%
	30.9%



In general, the processing relaxation techniques complement the bandwidth and peak data rate techniques. The results appear to show the processing relaxation techniques have a bigger benefit when combined with the peak data rate techniques. However, the bandwidth techniques already benefited from relaxed PDCCH processing time by separating PDCCH and PDSCH into different slots (for complexity reasons).
Summary
The following table summarizes the results from the previous sections.
Table 23. Summary of techniques. 
	
	FDD
	TDD

	Complexity reduction technique
	Rel-17 RedCap reference with further complexity reduction
	Difference compared to Rel-17 RedCap (46.8%)
	Rel-17 RedCap reference with further complexity reduction
	Difference compared to Rel-17 RedCap (33.7%)

	BW1
	40.8%
	6.0%
	29.6%
	4.1%

	BW2
	41.3%
	5.5%
	30.1%
	3.6%

	BW3
	42.5%
	4.3%
	31.0%
	2.7%

	PR1
	45.7%
	1.1%
	33.0%
	0.7%

	PR2
	45.5%
	1.3%
	32.9%
	0.8%

	PR3
	43.9%
	2.9%
	31.9%
	1.8%

	BW1+PT1+PT2
	39.7%
	7.1%
	28.9%
	4.8%

	BW2+PT1+PT2
	40.2%
	6.6%
	29.4%
	4.3%

	BW3+PT1+PT2
	41.5%
	5.3%
	30.3%
	3.4%

	PR1+PT1+PT2
	43.5%
	3.3%
	31.4%
	2.3%

	PR2+PT1+PT2
	43.3%
	3.5%
	31.3%
	2.4%

	PR3+PT1+PT2
	41.9%
	4.9%
	30.5%
	3.2%

	BW1+PT1
	40.4%
	6.4%
	29.3%
	4.4%

	BW2+PT1
	40.9%
	5.9%
	29.8%
	3.9%

	BW3+PT1
	42.1%
	4.7%
	30.7%
	3.0%

	PR1+PT1
	44.1%
	2.7%
	31.8%
	1.9%

	PR2+PT1
	44.0%
	2.8%
	31.8%
	1.9%

	PR3+PT1
	42.6%
	4.2%
	30.9%
	2.8%



The first six rows show the reductions of each technique; the middle 6 rows show the reductions when using PT1 and PT2; and the last 6 rows show the reduction with just PT1. 
The techniques ranked from lowest to highest complexity are BW1, BW2, BW3, PR3, PR2, and PR1. From the impact analysis, BW1 and BW2 have possibly large impact in performance, network / coexistence, and standards specification. Based on the impact and potential complexity reduction, techniques BW3 and PR3 should be considered in the RedCap Rel-18 WID. BW3 has potential for additional reduction compared to PR3.
Proposal 3: Techniques BW3 or PR3 should be considered in the RedCap Rel-18 WID

[bookmark: _Ref129681832]Conclusion
The contribution examined complexity techniques.
Baseline
Observation 1: The complexity reduction for the Rel-17 reference is 46.8% for FDD and 33.7% for TDD.
Observation 2: An upper bound for the estimated DL data rate for the BW techniques is 21.6 and 19 Mbps for 15 kHz and 30 kHz SCS, respectively.
Bandwidth reduction
Observation 3: BW1 provides 6.0% and 4.1% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Observation 4: The network deployment / co-existence impact is high for BW1 during the idle state.
Observation 5: BW2 provides 5.5% and 3.6% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Observation 6: BW2 has a higher slightly complexity than BW1 and with similar impacts as BW1. With its larger RF BW, BW2 may benefit with keep trying mechanisms for larger bandwidth signals and TDD alignment.
Observation 7: BW3 provides 4.3% and 2.7% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Proposal 1: BW3 should be considered for the WID for its relatively small deployment and specification impact
Proposal 2: If BW1 were supported, it is recommended that a separate 5 MHz allocation be used to reduce the impact of deployment.

Peak rate reduction techniques
Observation 8: PR1 provides 1.1% and 0.7% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Observation 9: Based on analysis, the network deployment / coexistence impact and specification impact for PR1 is limited.
Observation 10: PR2 provides 1.3% and 0.8% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Observation 11: Based on analysis, the network deployment / coexistence impact and specification impact for PR2 is limited.
Observation 12: PR3 provides 2.9% and 1.8% improvement over Rel-17 RedCap for FDD and TDD, respectively.
Observation 13: Among the three PR techniques, PR3 has the largest amount of complexity reduction.
Processing time relaxation
Observation 14: PT1 provides 1.7% and 1.3% additional complexity reduction for FDD and TDD, respectively, compared to the baseline. 
Overall
Proposal 3: Techniques BW3 or PR3 should be considered in the RedCap Rel-18 WID
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Appendix
Appendix: PR1 related specifications
In 38.306 [3], clause 4.1.4 states the required total layer 2 buffer size is calculated by
MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT.
where for FR1, the RLC RTT for {15, 30} kHz SCS is {50, 40} ms, respectively (table 4.1.4-1). The maximum data rate is computed as

where:
· J is the number of aggregated component carriers in a band or band combination
· Rmax = 948/1024
· For the j-th CC,
·  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.
· µ is the numerology (as defined in TS 38.211 [6])
·  is the average OFDM symbol duration in a subframe for numerology µ, i.e.  . Note that normal cyclic prefix is assumed.
·  is the maximum RB allocation in bandwidth BW(j) with numerology µ , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where BW(j) is the UE supported maximum bandwidth in the given band or band combination.
·  is the overhead and takes the following values:
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
Appendix: Data rate calculations for PR1
Based on the agreements in RAN1#109 [5] and the 38.306 standards, Table 24 shows the computation for the data rate for PR1 and for a 100 MHz minimum BW device (note for 15 kHz SCS, the maximum channel BW is 50 MHz).
[bookmark: _Ref110004345]Table 24. For FDD, calculation of peak data rate for maximum bandwidth and 20 MHz BW
	[bookmark: _Hlk108708148]Parameter
	15 kHz SCS
	30 kHz SCS

	 (DL)
	0.14
	0.14

	µ
	0
	1

	
	7.1429×10-5
	3.5714×10-5

	BW
	50 MHz
	20 MHz
	5 MHz
	100 MHz
	20 MHz
	5 MHz

	
	270
	106
	25
	273
	51
	11

	
	8
	6
	6
	8
	6
	6

	
	2
	1
	1
	2
	1
	1

	Formula
	
	
	
	
	
	



For f(j)=0.4, the data rate for the maximum bandwidth is 231.13 and 467.4 Mbps for 15 kHz and 30 kHz SCS, respectively.
Appendix: Data rate impact to 38.214
There is an accompanying 38.214 clause 5.1.3 specification [4] related to this data rate.
Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2,… J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj. If there are two PDSCH transmission occasions of the same TB (in time domain or in frequency domain) in the slot sj, each transmission occasion is counted separately.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
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