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1   Introduction
Regarding SID of study on further RedCap UE complexity reduction [1], the objective is to:
· 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 this contribution, we share our views on further RedCap UE complexity reduction.

2   Discussions 
2.1   UE bandwidth reduction 
2.1.1 Description of feature

UE bandwidth reduction is an important feature to reduce the UE cost and complexity. In Rel-17, the maximum bandwidth of RedCap UE is reduced from 100MHz to 20MHz for FR1. For further UE complexity reduction in Rel-18, a potential solution is to reduce the maximum bandwidth of the RedCap UE to 5MHz for FR1. Then, the following options are considered for Rel-18 RedCap UEs according to the discussion
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.

· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth 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.

Some differences among option BW1, BW2 and BW3 should be clarified. 

· For Option BW1 and BW2, BW2 can support frequency hopping in 20MHz bandwidth without RF retuning, but BW1 does not support that.

· For Option BW3, discontinuous resource allocation or interleaving exceeding 5MHz bandwidth is not supported for PDSCH and PUSCH.
2.1.2 Analysis of UE complexity reduction

Table 1. Complexity reduction evaluation for BW1, BW2 and BW3 for FDD
	
	Rel-15 Ref
	Rel-17 RedCap ref 
	Rel-18 BW1/BW2
	Rel-18 BW3

	RF: Power amplifier 
	25%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10%
	5.00%
	5.00%
	5.00%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	21.40%
	21.40%
	21.40%

	RF: Duplexer / Switch
	20%
	20.00%
	20.00%
	20.00%

	RF: Total
	100%
	71.4%
	71.40%
	71.40%

	BB: ADC / DAC
	10%
	1.10%
	0.88%
	1.10%

	BB: FFT/IFFT
	4%
	0.60%
	0.15%
	0.60%

	BB: Post-FFT data buffering
	10%
	1.00%
	0.25%
	1.00%

	BB: Receiver processing block
	24%
	7.20%
	3.60%
	3.60%

	BB: LDPC decoding
	10%
	1.88%
	0.94%
	0.94%

	BB: HARQ buffer
	14%
	1.00%
	0.25%
	0.25%

	BB: DL control processing & decoder
	5%
	5.00%
	3.00%
	5.00%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.50%
	4.50%

	BB: UL processing block
	5%
	3.00%
	2.40%
	2.40%

	BB: MIMO specific processing blocks
	9%
	4.50%
	2.25%
	4.50%

	BB: Total
	100%
	29.78%
	18.22%
	23.89%

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	46.43%
	39.49%
	42.89%


Observation 1: In FDD, additional complexity reduction compared with Rel-17 RedCap UE is 6.94%, 6.94%, 3.54% for BW1, BW2 and BW3, respectively.

2.1.3
Analysis of performance impacts

Data rate

Since the maximum bandwidth of UE is reduced from 20MHz to 5MHz, it is expected that DL and UL peak data rate is reduced by ~75%. As shown in Table 1, the downlink peak data rate can reach 53.5 Mbps in 5MHz bandwidth if 2Rx antennas and 256QAM are used. And the uplink peak data rate can reach 28.6 Mbps if 1Tx antenna and 256QAM are configured. However, the purpose of the SI is to pursue lower UE complexity via reduced bandwidth and/or reduced UE peak data rate. So this data rate reduction can be considered in Rel-18 RedCap complexity reduction SI.

Observation 2: For BW1, BW2 and BW3, the DL and UL peak data rate is reduced by around 75% compared to 20MHz bandwidth. 
Table 2: Peak data rate for RedCap UE with 5 MHz bandwidth in FR1 for FDD
	
	Modulation
	Number of antennas
	Subcarrier spacing (KHz)
	Peak data rate（Mbps）

	Downlink
	64QAM
	2 Rx
	15
	40.1

	
	
	2 Rx
	30
	35.3

	
	256QAM
	2 Rx
	15
	53.5

	
	
	2 Rx
	30
	47.1

	
	64QAM
	1 Rx
	15
	20.1

	
	
	1 Rx
	30
	17.7

	
	256QAM
	1 Rx
	15
	26.8

	
	
	1 Rx
	30
	23.5

	Uplink
	64QAM
	1 Tx
	15
	21.5

	
	
	1 Tx
	30
	19.1

	
	256QAM
	1 Tx
	15
	28.6

	
	
	1 Tx
	30
	25.5


Coverage (discussed in 9.6.2)

· BW1, BW2
For PBCH, eRedCap UE can achieve similar performance to Rel-17 RedCap UE without significant coverage loss in 15KHz subcarrier spacing. For 30KHz subcarrier spacing, eRedCap UE has a performance decrease due to incomplete reception of PBCH. 
For PDCCH, the use of aggregation level will be restricted since a CORESET can be configured with up to 24 PRBs for 15KHz subcarrier spacing and 6/12 PRBs for 30KHz subcarrier spacing in 5MHz bandwidth. This will lead to a coverage performance decrease on PDCCH. Moreover, for PDCCH CSS, incomplete reception of PDCCH causes a performance loss when the bandwidth of common CORESET is larger than 5MHz.
For SIB1/Msg4, eRedCap UE can only receive 25 PRBs for 15KHz subcarrier spacing and 11/12 PRBs for 30KHz subcarrier spacing at a time for SIB1/Msg4 bandwidth > 5MHz. In this case, incomplete reception of SIB1/Msg4 will lead to a coverage performance decrease.
For Msg2, there is no significant performance difference between eRedCap UE and Rel-17 RedCap UE due to small transmission bandwidth and small TBS.
For PRACH, if preamble sequence occupies 12 PRBs for 30KHz SCS PUSCH, the preamble bandwidth exceeds the number of available PRBs for 5MHz bandwidth according to the current specifications. So the coverage performance will be impacted if 12 PRBs is not supported for 30KHz subcarrier spacing for 5MHz bandwidth.
For Msg3/PUCCH, eRedCap UE may have a similar performance compared to Rel-17 RedCap UE.
For PUSCH, target data rate reduction results in lower code rate and spectral efficiency for eRedCap UEs. Hence there is no performance loss on PUSCH due to the MCS update.
For PDSCH, eRedCap UE has a performance loss on PDSCH for 30KHz subcarrier spacing.

Observation 3: For BW1 and BW2, baseband bandwidth reduction at least causes performance loss of PBCH, PDCCH, SIB1, Msg4 and PDSCH.

· BW3

For SIB1/Msg4, some performance loss can be observed when PDSCH bandwidth is smaller than SIB1/Msg4 bandwidth.
For Msg2/Msg3, there is no performance difference between eRedCap UE and Rel-17 RedCap UE if Msg2/Msg3 is transmitted based on a small channel bandwidth.
For PUSCH, lower target data rate and spectral efficiency are required for eRedCap UE. Therefore, there is no performance loss on PUSCH for BW3.

For PDSCH, there is a performance decrease for 30KHz subcarrier spacing due to increased code rate and spectral efficiency.
Observation 4: For BW3, PDSCH and PUSCH bandwidth reduction causes performance loss of SIB1, Msg4 and PDSCH.
Initial access
For BW1 and BW2, when CORESET#0, SIB1, Msg4 or Paging is configured with bandwidth wider than 5MHz, the performance of PDCCH and SIB1 will decrease. This may lead to access latency increase or failure to access for eRedCap UEs.
For BW1 and BW2, when the bandwidth of initial BWP is less than 5MHz, the number of ROs that can be multiplexed in the frequency domain is limited. This may increase UE access latency.

For BW3，PDSCH for SIB1/Msg4/Paging has a performance loss when the transmission bandwidth is larger than 5MHz. So the access latency of eRedCap UEs may increase.

Observation 5: For BW1, BW2 and BW3, the access latency of eRedCap UEs may increase due to common PDCCH or broadcast PDSCH performance reduction.
Spectral efficiency

For BW1, an SSB that contains 20 PRBs will occupy most or even all of the frequency resource in 5MHz bandwidth. Hence, if the BWP with 5MHz bandwidth is configured and FG6-1 is mandatory, SSB transmission may lead to a reduction in spectral efficiency.

Observation 6: For BW1, mandated SSB transmission may lead to a spectral efficiency reduction since an SSB occupies most or even all of BWP with 5MHz bandwidth.

Resource fragmentation

The introduction of eRedCap UEs will further lead to fragmentation of NR frequency domain resource which affects the scheduling of legacy UEs. However, this impact can be mitigated by existing methods which includes disabling PUCCH hopping, adjusting BWP position, and so on.
2.1.4
Analysis of specification impacts
SSB
According to the simulation results, SSB coverage performance is still acceptable and is better than the bottleneck channel of the reference NR UE. Therefore, there is no need to enhance the SSB. Moreover, according to the SID description, SSB should be reused. Therefore, if no enhancement is considered, the there is no spec impacts for SSB. 

Additionally, the UE can receive and combine repeated PBCH across multiple times to improve the detection performance. 

Observation 7: 

· For BW1 and BW2, SSB performance is better than the bottleneck channel in Rel-15 

· SSB is reused based on SID.

PDCCH
For BW1 and BW2, PDCCH coverage performance degrades seriously. Unlike SSB, repetition for PDCCH is not supported currently. Therefore, PDCCH may need some enhancements to guarantee the performance for BW1 and BW2. Also, based on the coverage simulation results, the PDCCH performance would be worse than the bottleneck channel PUSCH in some cases. Therefore, performance compensation for PDCCH may be needed for BW1 and BW2.
For BW3, PDCCH can be received normally. No spec impacts are observed.

Observation 8: For BW1 and BW2, PDCCH performance degrade seriously which is even worse than the bottleneck channel in Rel-15 in some cases

SIB1

For BW1, BW2 and BW3, the SIB1 reception would be impacted. According to the coverage simulation, the SIB1 performance is worse than the bottleneck channel PUSCH of reference NR UE in some cases.
However, whether enhancement is need depends on the implementation of SIB1 repetition. If SIB1 repetition can be assumed, SIB1 may does not require additional enhancement. For example, in theory, 4 repetitions brings 6dB performance gain which may satisfy the coverage requirement for SIB1 at least for some cases. However, assuming the SIB1 repetition may have some impacts on gNB and UE implementation, therefore, it can be further studied.
Observation 9: For BW1, BW2 and BW3, SIB1 performance is worse than the bottleneck channel in Rel-15 in some cases.
PRACH
According to Table 6.3.3.2-1 in TS38.211, the number of PRBs occupied by a PRACH exceeds the available number of PRBs of 5MHz bandwidth in some PRACH configurations. Further, these PRACH configurations can be summarized as the following two cases:

· The frequency resource of PRACH exceeds the number of PRBs and 5MHz bandwidth;

· The frequency resource of PRACH exceeds the number of PRBs but is not wider than 5MHz bandwidth;

The first case cannot be supported by RedCap UEs with 5MHz bandwidth. In the second case, a PRACH occupies 12 PRBs for 30KHz SCS of PUSCH. And it does not exceed 5MHz bandwidth but occupies part of the guard interval of the 5MHz bandwidth. Whether the RedCap UE with 5MHz bandwidth can support the PRACH occupying 12 PRBs for 30KHz SCS of PUSCH needs to be decided by RAN4.

For BW1 and BW2, if the initial BWP is configured with bandwidth wider than 5MHz, multiple ROs can be multiplexed in frequency domain. Thus, how to determine the 5MHz bandwidth containing the RO corresponding to the best SSB needs to be studied for the eRedCap UE.

Observation 10: For BW1 and BW2, supporting PRACH occupying 12 PRBs has impacts on RAN4.
Initial BWP
For BW1 and BW2, during initial access, it is not expected that the bandwidth of the initial BWP for RedCap UEs exceeds the maximum RedCap UE bandwidth, which would impact the RACH procedure due to the performance loss. Rel-18 RedCap UEs and legacy UEs can use a shared initial UL/DL BWP if the bandwidth of the initial UL/DL BWP for legacy UEs is not more than 5MHz. Similar with Rel-17 framework, Rel-18 RedCap UEs with maximum 5MHz bandwidth can use a separate initial UL/DL BWP if the initial UL/DL BWP for legacy UEs is configured with a bandwidth wider than 5MHz.
Observation 11: For BW1, BW2 and BW3, sharing initial BWP larger than 5M bandwidth may cause receiving performance loss for SIB, RACH procedure and paging

PUCCH
For PUCCH, format 2 and 3 can be configured with up to 16 PRBs in the existing specifications. Since 5MHz transmission bandwidth for BW1 and BW2 contains 11 available PRBs for 30KHz subcarrier spacing, the number of PRBs configured for PUCCH format 2/3 will be limited to less than or equal to 11 if 30KHz subcarrier spacing is used. The gNB needs to configure the number of PRBs for PUCCH format 2/3 according to the transmission bandwidth of UE.

Observation 12: The support of PUCCH format 2/3 with more than 11PRBs exceeds the UE capability in 30KHz SCS for BW1 and BW2.

Identification of UE type
Since the objective of the SI is to define a single Rel-18 RedCap UE type for further UE complexity reduction, the identification of the new UE type needs to be specified. Correspondingly, the capability report or early identification of Rel-18 RedCap UE could be introduced. 
For BW1 and BW2, similar as Rel-17, whether early identification is supported have impacts on the UE receiving and gNB scheduling, especially during RACH procedure.For BW3, whether to define a new type of RedCap UE can be discussed. In another word, introducing some new features on the top of Rel-17 RedCap UE is also feasible.

Moreover, whether to define RF retuning as the Rel-18 RedCap UE capability should be discussed, since the performance loss, .e.g, SSB, also depends on the RF retuning.

Observation 13: 
· The identification of Rel-18 RedCap UE type has impacts on UE receiving performance and gNB scheduling.

· Whether RF retuning is defined as the Rel-18 RedCap UE capability has impacts on the repetition combination performance

2.1.5
Analysis of coexistence with legacy UEs

For BW1 and BW2, regarding CORESET#0 and initial BWP, the following cases can be considered for Rel-18 RedCap UEs.
· CORESET#0 with bandwidth larger than 5MHz is configured for legacy UEs.

In this case, the bandwidth of CORESET#0 and initial BWP configured for legacy UEs will be larger than 5MHz. A Rel-18 RedCap UE cannot receive the entire PDCCH, SIB1, Msg4 or Paging.  Hence the access of Rel-18 RedCap UEs is impacted.
· CORESET#0 with 5MHz bandwidth and initial BWP larger than 5MHz are configured for legacy UEs.

In this case, PDCCH and PDSCH for SIB are transmitted within 5MHz bandwidth. After receiving SIB1, the Rel-18 RedCap UE can use SIB1-configured separate initial UL/DL BWP.
· CORESET#0 with 5MHz bandwidth and initial BWP with 5MHz are configured for legacy UEs.

Rel-18 RedCap UEs can receive SIB1 within 5MHz bandwidth and use the shared initial UL/DL BWP for Rel-18 RedCap UEs and legacy UEs.

Observation 14: For BW1 and BW2, if the bandwidth of CORESET#0 is larger than 5MHz, the coexistence of R18 redcap UE and legacy UE for CORESET#0 receiving and SIB1 receiving will be problematic, otherwise R18 redcap UE can coexist with legacy UEs.
For BW3 and PR3, if CORESET#0 with larger than 5MHz bandwidth is configured for legacy UEs, the SIB1 receiving for Rel-18 RedCap UE would be problematic. Therefore, the co-existence issue also needs to be considered in this case.

Observation 15: For BW3 and PR3, if the bandwidth of CORESET#0 is larger than 5MHz, the coexistence of R18 redcap UE and legacy UE for SIB1 receiving may be problematic.
2.2   Peak data rate reduction

2.2.1 Description of feature

For peak data rate reduction, 3 options are defined. However, since the PR3 is quite similar with BW3, the related analysis for PR3 has been listed in section 2.1. The other 2 options are shown as follows:
· Option PR1: Relaxation of the constraint [image: image1.png]vl D D > 4
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 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.
Note that the case that maximum TBS is restricted to 1/5 of Rel-17 RedCap UE (peak data rate of 10Mbps) and the case that PDSCH and PUSCH are restricted to 25 PRBs are equivalent for complexity reduction.

For Option PR1, PR2 and PR3, the following details are assumed:

· For Option 1, [image: image2.png]vl D D > 4
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 is released to [image: image3.png]vl QP f0 = 0.8



;

· For Option 2, the maximum TBS is restricted to 1/5 of Rel-17 RedCap UE;

· For Option 3, the bandwidth of PDSCH and PUSCH are restricted to 25 PRBs for 15KHz SCS.
2.2.2 Analysis of UE complexity reduction

Table 3. Complexity reduction evaluation for PR1, PR2 and PR3 for FDD
	
	Rel-15 Ref
	Rel-17 RedCap ref 
	Rel-18 PR1/PR2
	Rel-18 PR3
	Rel-18 BW1+PR1

	RF: Power amplifier 
	25%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10%
	5.00%
	5.00%
	5.00%
	5.00%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	21.40%
	21.40%
	21.40%
	21.40%

	RF: Duplexer / Switch
	20%
	20.00%
	20.00%
	20.00%
	20.00%

	RF: Total
	100%
	71.4%
	71.40%
	71.40%
	71.40%

	BB: ADC / DAC
	10%
	1.10%
	1.10%
	1.10%
	0.88%

	BB: FFT/IFFT
	4%
	0.60%
	0.60%
	0.60%
	0.15%

	BB: Post-FFT data buffering
	10%
	1.00%
	1.00%
	1.00%
	0.25%

	BB: Receiver processing block
	24%
	7.20%
	7.20%
	5.04%
	3.60%

	BB: LDPC decoding
	10%
	1.88%
	0.70%
	0.94%
	0.70%

	BB: HARQ buffer
	14%
	1.00%
	0.20%
	0.25%
	0.20%

	BB: DL control processing & decoder
	5%
	5.00%
	5.00%
	5.00%
	3.00%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.50%
	4.50%
	4.50%

	BB: UL processing block
	5%
	3.00%
	2.55%
	2.40%
	2.40%

	BB: MIMO specific processing blocks
	9%
	4.50%
	4.50%
	4.50%
	2.25%

	BB: Total
	100%
	29.78%
	27.35%
	25.33%
	17.93%

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	46.43%
	44.97%
	43.76%
	39.32%


Observation 16: In FDD, additional complexity reduction compared with Rel-17 RedCap UE is 1.46% for PR1/PR2 and 2.67% for PR3.
Observation 17: If bandwidth reduction is supported, PR1/PR2 in FDD can provide additional complexity reduction around 0.2%.
2.2.3 Analysis of performance impacts

Data rate
For PR1 and PR2, the peak data rate can be reduced to ~20% of Rel-17 RedCap UE with [image: image4.png]) D
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. And the value is round 10Mbps.

For PR3, restricting PDSCH and PUSCH bandwidth to 25 PRBs causes that the peak data rate is reduced to ~ 25% of Rel-17 RedCap UE.

Observation 18: For PR1 and PR2, the peak data rate can be reduced to around 20% of Rel-17 RedCap UE.
Coverage

For PR1 and PR2, the peak data rate reduction does not impact coverage performance.

For PR3, the impact that is similar to BW3 can be expected for coverage performance.
Cell capacity and spectral efficiency 

For PR1 and PR2, the maximum TBS that can be scheduled by UE is restricted in a transmission bandwidth. So a performance decrease for cell capacity and spectral efficiency can be expected.

PR3 does not result in obvious impact on cell capacity and spectral efficiency.

Observation 19: PR1 and PR2 cause a performance degradation of cell capacity and spectral efficiency.
Initial access
For PR3, the impact that is similar to BW3 can be expected on initial access.
2.2.4
Analysis of specification impacts

For PR1, [image: image5.png]vl QP f0 = 0.8



 is assumed instead of [image: image6.png]vl D D > 4
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 to restrict peak data rate. Wherein, the number of layers [image: image7.png]Y
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 equals to 1 or 2, modulation order is up to 6 or 8 and the values of scaling factor [image: image8.png]fo



 includes 1, 0.8, 0.75 and 0.4 in the current specifications. Thus, for high modulation order or 2 layers, the existing values of [image: image9.png]fo



 cannot fulfill the requirement of [image: image10.png]vl QP f0 = 0.8
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 needs to be defined for PR1.

For PR2, since the maximum TBS supported by UE is reduced, the use of MCS will be restricted. If small transmission resource is scheduled for PDSCH or PUSCH, high MCS may not exceed the restricted maximum TBS. In this case, high MCS can be used. But for large transmission resource scheduled for PDSCH or PUSCH, the high MCS that exceeds the restricted maximum TBS cannot be used.
Observation 20: 
· For PR1, for high modulation order or 2 layers, the existing values of  [image: image12.png]fo



 cannot satisfy the requirement of peak data rate reduction in Rel-18.
· For PR2, the use of MCS is restricted, which is dependent on the size of transmission resource of PDSCH or PUSCH.
For PR3, the impact that is similar to BW3 can be expected on specifications. 

For PR1, PR2 and PR3, since the objective of the SI is to define a single Rel-18 RedCap UE type for further UE complexity reduction, the identification of the new UE type needs to be specified. Correspondingly, the capability report or early identification of Rel-18 RedCap UE could be introduced. 
2.2.5
Analysis of coexistence with legacy UEs

For PR3, the issue that is similar to BW3 can be expected on coexistence with legacy UEs.
2.3   Relaxed UE processing timeline 
2.3.1 Description of feature

Based on the agreement, there are two options for relaxed UE processing timeline：
· 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’ 

2.4.2 Analysis of UE complexity reduction 

The relaxed UE processing timeline may reduce the number of parallel processing hardware units and even reuse one set of hardware units for serial processing. Therefore, the complexity and cost of UE can be reduced. Based on TR38.875, functional blocks which cost can be reduced are shown in Table 1. For Rel-18, the functional blocks which cost can be reduced are same as those of Rel-17 Redcap devices. 

Table 4. The cost of the functional blocks can be reduced:

	Relaxed N1/N2
	Relaxed Z/Z’

	Baseband: Receiver processing block

Baseband: LDPC decoding

Baseband: DL control processing & decoder

Baseband: UL processing block
	Baseband: DL control processing & decoder

Baseband: UL processing block

Baseband: MIMO specific processing blocks


Observation 21: The functional blocks whose cost can be reduced for relaxed UE processing timeline are the same as those of Rel-17 Redcap devices. 

In RAN1#109 meeting, the following combinations were agreed for UE complexity reduction evaluation of PT1 and PT2. 
· 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
The cost reduction evaluation results are shown in following tables.

Table 5. Complexity reduction evaluation for PT1 and PT2 for FDD
	
	Rel-15 Ref
	BW1+PT1+PT2
	BW3+PT1+PT2
	PR1+PT1+PT2
	PR3+PT1+PT2

	RF: Power amplifier 
	25%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10%
	5.00%
	5.00%
	5.00%
	5.00%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	21.40%
	21.40%
	21.40%
	21.40%

	RF: Duplexer / Switch
	20%
	20.00%
	20.00%
	20.00%
	20.00%

	RF: Total
	100%
	71.40%
	71.40%
	71.40%
	71.40%

	BB: ADC / DAC
	10%
	0.88%
	1.10%
	1.10%
	1.10%

	BB: FFT/IFFT
	4%
	0.15%
	0.60%
	0.60%
	0.60%

	BB: Post-FFT data buffering
	10%
	0.25%
	1.00%
	1.00%
	1.00%

	BB: Receiver processing block
	24%
	2.85%
	2.85%
	5.70%
	3.99%

	BB: LDPC decoding
	10%
	0.75%
	0.75%
	0.56%
	0.75%

	BB: HARQ buffer
	14%
	0.25%
	0.25%
	0.20%
	0.25%

	BB: DL control processing & decoder
	5%
	1.20%
	2.00%
	2.00%
	2.00%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.50%
	4.50%
	4.50%

	BB: UL processing block
	5%
	1.54%
	1.54%
	1.63%
	1.54%

	BB: MIMO specific processing blocks
	9%
	1.13%
	2.25%
	2.25%
	2.25%

	BB: Total
	100%
	13.49%
	16.84%
	19.54%
	17.98%

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	36.66%
	38.66%
	40.29%
	39.35%


Observation 22: In FDD, 
· The additional cost reduction of PT1 and PT2 is 2.83% for BW1.

· The additional cost reduction of PT1 and PT2 is 4.23% for BW3.

· The additional cost reduction of PT1 and PT2 is 4.68% for PR1.

· The additional cost reduction of PT1 and PT2 is 4.41% for PR3.

Table 6. Optional complexity reduction evaluation for PT1 and PT2 for FDD
	
	Rel-15 Ref
	BW1+PT1
	BW3+PT1
	PR1+PT1
	PR3+PT1
	BW3+PT2
	PR3+PT2

	RF: Power amplifier 
	25%
	25.00%
	25.00%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10%
	5.00%
	5.00%
	5.00%
	5.00%
	5.00%
	5.00%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	21.40%
	21.40%
	21.40%
	21.40%
	21.40%
	21.40%

	RF: Duplexer / Switch
	20%
	20.00%
	20.00%
	20.00%
	20.00%
	20.00%
	20.00%

	RF: Total
	100%
	71.40%
	71.40%
	71.40%
	71.40%
	71.40%
	71.40%

	BB: ADC / DAC
	10%
	0.88%
	1.10%
	1.10%
	1.10%
	1.10%
	1.10%

	BB: FFT/IFFT
	4%
	0.15%
	0.60%
	0.60%
	0.60%
	0.60%
	0.60%

	BB: Post-FFT data buffering
	10%
	0.25%
	1.00%
	1.00%
	1.00%
	1.00%
	1.00%

	BB: Receiver processing block
	24%
	2.85%
	2.85%
	5.70%
	3.99%
	3.60%
	5.04%

	BB: LDPC decoding
	10%
	0.75%
	0.75%
	0.56%
	0.75%
	0.94%
	0.94%

	BB: HARQ buffer
	14%
	0.25%
	0.25%
	0.20%
	0.25%
	0.25%
	0.25%

	BB: DL control processing & decoder
	5%
	2.40%
	4.00%
	4.00%
	4.00%
	2.50%
	2.50%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%
	4.50%

	BB: UL processing block
	5%
	1.92%
	1.92%
	2.04%
	1.92%
	1.92%
	1.92%

	BB: MIMO specific processing blocks
	9%
	2.25%
	4.50%
	4.50%
	4.50%
	2.25%
	2.25%

	BB: Total
	100%
	16.20%
	21.47%
	24.20%
	22.61%
	18.66%
	20.10%

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	38.28%
	41.44%
	43.08%
	42.13%
	39.76%
	40.62%


Observation 23: In FDD,
· The additional cost reduction of PT1 is 1.21% for BW1.

· The additional cost reduction of PT1 is 1.45% for BW3, and the additional cost reduction of PT2 is 3.13% for BW3.

· The additional cost reduction of PT1 is 1.89% for PR1.

· The additional cost reduction of PT1 is 1.63% for PR3 and the additional cost reduction of PT2 is 3.14% for PR3.

It is seen that, PT2 actually has 2 times additional complexity reduction compared with PT1.
2.4.3 Analysis of performance impacts  

The performance impacts include the impact on coverage, network capacity and spectral efficiency, data rate, latency and reliability and power consumption. For relaxed UE processing timeline, there are no or minor impact on coverage, network capacity, spectral efficiency, power consumption and data rate. Therefore, the performance impact is only focused on latency.

Observation 24: There are no or minor impact on coverage, network capacity, spectral efficiency, power consumption and data rate for relaxed UE processing timeline.
Latency
Based on the analysis in TR38.875, the conclusion is that the relaxed N1/N2 has impact on latency. Moreover, there would be some impacts on access procedure due to the different timeline for different UEs especially when sharing the RACH procedure with legacy UE. For CSI, relaxed Z/Z’ value impact how fast CSI report can be sent after the reception of DCI/CSI-RS, it may have some negative effect on the scheduling accuracy. Considering the mobility of Redcap, the impact of scheduling accuracy can be ignored. Therefore, the impact on latency can be ignored for relaxed Z/Z’. 
Observation 25: Relaxed N1/N2 has impact on latency and access procedure. 

Observation 26: The impact on latency can be ignored for relaxed Z/Z’.

2.4.4 Analysis of coexistence with legacy UEs 

When relaxed UE processing timeline is applied to the UE in RRC_IDLE state, there may be some issues of coexistence with legacy UEs if eNB cannot distinguish the legacy UEs and RedCap UEs. For example, if the RedCap UE cannot be identified, it would impact scheduling of legacy UEs for Msg3 transmission because gNB may use the relaxed timing requirement for all UEs.
Observation 27: There exists the coexistence issue with legacy UEs if relaxing UE processing timeline is applied to the UE in RRC_IDLE state. 
2.4.5 Analysis of specification impacts 

In TR38.875, the specification impacts of relaxing N1/N2 were described. The impacts are the definition of relaxed UE processing timeline capability and N1/N2 values and scheduling time related to default TDRA tables and HARQ-ACK timing range. The analysis of the specification impacts can be reused. If the processing timeline of CSI is relaxed, the definition of Z/Z’ values and the value range of the gap between DCI and CSI-RS/CSI report need to be reconsidered. 

Observation 28: For relaxed N1/N2, the analysis of the specification impacts in TR38.875 can be reused.

Observation 29: For relaxed Z/Z’, the specification impact are the definition of Z/Z’ values and the value range of the gap between DCI and CSI-RS/CSI report.  
2.4   Candidate complexity reduction techniques
Considering the recommended complexity reduction techniques, the following aspects can be based:

· Impacts on the current network and legacy UE

· Complexity reduction

· Performance loss and corresponding impacts due to compensating the performance loss

· Specification efforts/complexity

Specifically, for all the evaluated options, we have the following comparison based on the above aspects.

	
	Impacts on the current network and legacy UE


	Complexity reduction


	Performance loss and corresponding impacts due to compensating the performance loss


	Specification efforts/complexity



	BW1, BW2, BW3
	BW1/BW2>BW3/PR3 
	BW1/BW2>BW3>PR3
	BW1/BW2>BW3>PR3
	BW1/BW2>BW3/PR3

	PR1, PR2, PR3
	PR3>PR1/PR2
	PR3>PR1/PR2
	PR3>PR1/PR2
	PR3>PR1/PR2

	PT1, PT2
	PT1> PT2
	PT<PT2
	PT1  ̴   PT2
	PT1  ̴   PT2


For BW1/BW2 and BW3, the complexity reduction for BW3 is less than that for BW1/BW2. However, for BW1 or BW2, the impacts on current network, legacy UE, specifications efforts are much larger than BW3. Also, BW1 or BW2 have the performance degradation issues for SSB, PDCCH, SIB1 and so on, and BW3 mainly has the impacts on SIB1. Therefore, considering these, BW3 is preferred. Also, PR3 is also considered, since BW3 and PR3 are similar.

To further reduce the complexity in Rel-18, some other techniques may be considered, e.g., PR1, PR2, PT1 and PT2. For PT1 and PT2, actually, PT2 obtains 2 times complexity reduction than PT1, and also has smaller impacts on the network and legacy UE, since N1/N2 relaxing of PT1 may have coexistence issue when applied for idle mode. Therefore, if necessary, PT2 is preferred compared with PT1.

Proposal 1: BW3/PR3 is recommended as the candidate complexity reduction technique, and PT2 also can be considered if needed.

3   Conclusion
Base on the analysis in the previous sections, we have the following observations and proposal:

Observation 1: In FDD, additional complexity reduction compared with Rel-17 RedCap UE is 6.94%, 6.94%, 3.54% for BW1, BW2 and BW3, respectively.

Observation 2: For BW1, BW2 and BW3, the DL and UL peak data rate is reduced by around 75% compared to 20MHz bandwidth. 
Observation 3: For BW1 and BW2, baseband bandwidth reduction at least causes performance loss of PBCH, PDCCH, SIB1, Msg4 and PDSCH.

Observation 4: For BW3, PDSCH and PUSCH bandwidth reduction causes performance loss of SIB1, Msg4 and PDSCH.
Observation 5: For BW1, BW2 and BW3, the access latency of eRedCap UEs may increase due to common PDCCH or broadcast PDSCH performance reduction.
Observation 6: For BW1, mandated SSB transmission may lead to a spectral efficiency reduction since an SSB occupies most or even all of BWP with 5MHz bandwidth.

Observation 7: 

· For BW1 and BW2, SSB performance is better than the bottleneck channel in Rel-15 

· SSB is reused based on SID.

Observation 8: For BW1 and BW2, PDCCH performance degrade seriously which is even worse than the bottleneck channel in Rel-15 in some cases

Observation 9: For BW1, BW2 and BW3, SIB1 performance is worse than the bottleneck channel in Rel-15 in some cases.
Observation 10: For BW1 and BW2, supporting PRACH occupying 12 PRBs has impacts on RAN4.
Observation 11: For BW1, BW2 and BW3, sharing initial BWP larger than 5M bandwidth may cause receiving performance loss for SIB, RACH procedure and paging

Observation 12: The support of PUCCH format 2/3 with more than 11PRBs exceeds the UE capability in 30KHz SCS for BW1 and BW2.

Observation 13: 
· The identification of Rel-18 RedCap UE type has impacts on UE receiving performance and gNB scheduling.

· Whether RF retuning is defined as the Rel-18 RedCap UE capability has impacts on the repetition combination performance

Observation 14: For BW1 and BW2, if the bandwidth of CORESET#0 is larger than 5MHz, the coexistence of R18 redcap UE and legacy UE for CORESET#0 receiving and SIB1 receiving will be problematic, otherwise R18 redcap UE can coexist with legacy UEs.
Observation 15: For BW3 and PR3, if the bandwidth of CORESET#0 is larger than 5MHz, the coexistence of R18 redcap UE and legacy UE for SIB1 receiving may be problematic.
Observation 16: In FDD, additional complexity reduction compared with Rel-17 RedCap UE is 1.46% for PR1/PR2 and 2.67% for PR3.
Observation 17: If bandwidth reduction is supported, PR1/PR2 in FDD can provide additional complexity reduction around 0.2%.
Observation 18: For PR1 and PR2, the peak data rate can be reduced to around 20% of Rel-17 RedCap UE.
Observation 19: PR1 and PR2 cause a performance degradation of cell capacity and spectral efficiency.
Observation 20: 
· For PR1, for high modulation order or 2 layers, the existing values of  [image: image13.png]fo



 cannot satisfy the requirement of peak data rate reduction in Rel-18.
· For PR2, the use of MCS is restricted, which is dependent on the size of transmission resource of PDSCH or PUSCH.
Observation 21: The functional blocks whose cost can be reduced for relaxed UE processing timeline are the same as those of Rel-17 Redcap devices. 
Observation 22: In FDD, 
· The additional cost reduction of PT1 and PT2 is 2.83% for BW1.

· The additional cost reduction of PT1 and PT2 is 4.23% for BW3.

· The additional cost reduction of PT1 and PT2 is 4.68% for PR1.

· The additional cost reduction of PT1 and PT2 is 4.41% for PR3.

Observation 23: In FDD,
· The additional cost reduction of PT1 is 1.21% for BW1.

· The additional cost reduction of PT1 is 1.45% for BW3, and the additional cost reduction of PT2 is 3.13% for BW3.

· The additional cost reduction of PT1 is 1.89% for PR1.

· The additional cost reduction of PT1 is 1.63% for PR3 and the additional cost reduction of PT2 is 3.14% for PR3.

Observation 24: There are no or minor impact on coverage, network capacity, spectral efficiency, power consumption and data rate for relaxed UE processing timeline.
Observation 25: Relaxed N1/N2 has impact on latency and access procedure. 

Observation 26: The impact on latency can be ignored for relaxed Z/Z’.

Observation 27: There exists the coexistence issue with legacy UEs if relaxing UE processing timeline is applied to the UE in RRC_IDLE state. 
Observation 28: For relaxed N1/N2, the analysis of the specification impacts in TR38.875 can be reused.

Observation 29: For relaxed Z/Z’, the specification impact are the definition of Z/Z’ values and the value range of the gap between DCI and CSI-RS/CSI report.  
Proposal 1: BW3/PR3 is recommended as the candidate complexity reduction technique, and PT2 also can be considered if needed.
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