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[bookmark: _Ref521334010]Introduction
In Rel-17, NR supports a special type of NR devices with reduced capability, namely RedCap UE. Typically, in FR1, 20 MHz is supported as the maximum bandwidth. Besides, other capabilities are also introduced to further reduce UE complexity, e.g. reduced number of Rx branches. 
In RAN#94-e, a new SID was reached to further reduce UE complexity in Rel-18, which is further revised in [1]. In RAN1#109-e, for cost/complexity evaluation, the following agreements were reached [2]:
	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).
Agreement
· The impact on memory size/cost/complexity (external to the RF and BB parts) from the studied UE complexity reduction features can be considered in the study.
· This potential impact will not be included in the quantitative UE complexity reduction estimates.
· L2 buffer size assumptions can be based on TS 38.306 clause 4.1.4 (“Total layer 2 buffer size for DL/UL”).
· FFS whether/how to capture in the TR
Agreement
For each potential Rel-18 further UE complexity reduction feature, at least the following aspects will be studied:
· UE complexity reduction
· Performance impacts [details FFS]
· Network deployment and coexistence impacts [details FFS]
· Specification impacts


Based on the strong interest, RAN has agreed to further reduce the complexity/cost of UE in Rel-18. Potential solutions are identified, i.e. UE bandwidth reduction to 5 MHz, reduced UE peak data rate, and relaxed UE processing time. In this contribution, we provide our views on these potential solutions for Rel-18 eRedCap evolution. Evaluations on the cost of different solutions are also provided. In addition, we analyze the performance impact, coexistence issue and specification impact for different solutions. 

Discussion
[bookmark: _Ref101701747]UE bandwidth reduction
One possible solution to further reduce UE complexity is to reduce the maximum UE bandwidth. Specifically, 5 MHz is targeted in the SID [1]. The following agreements were reached in RAN1#109-e [2]:
	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.
· 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.
· Combinations with UE bandwidth reduction or UE peak rate reduction.
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.


In this section, we discuss the cost reduction and potential spec impact and network impact for this approach.

[bookmark: _Ref108454841]Clarification of transmission bandwidth of 5 MHz
So far, RAN4 has specified the maximum transmission bandwidth of different UE channel bandwidth [3]. Therefore, the maximum continuous PRB number for transmission for 5 MHz will be restricted, and will be smaller than 5 MHz eventually. The related tables in TS 38.101-1 are copied as follows [3]:
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	…
	50
MHz
	…
	100
MHz

	
	NRB
	NRB
	NRB
	NRB
	
	NRB
	
	NRB

	15
	25
	52
	79
	106
	
	270
	
	N/A

	30
	11
	24
	38
	51
	
	133
	
	273

	60
	N/A
	11
	18
	24
	
	65
	
	135


There is a table for minimum guardband, defined in a unit of kHz, which is also copied as follows [3]:
Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	…
	50
MHz
	…
	100
MHz

	15
	242.5
	312.5
	382.5
	452.5
	
	692.5
	
	N/A

	30
	505
	665
	645
	805
	
	1045
	
	845

	60
	N/A
	1010
	990
	1330
	
	1570
	
	1370


NOTE:	The minimum guardbands have been calculated using the following equation: (BWChannel x 1000 (kHz) - NRB x SCS x 12) / 2 - SCS/2, where NRB are from Table 5.3.2-1.
Therefore, according to the definition in RAN4, if the Rel-18 eRedCap UE bandwidth is reduced to 5 MHz, in the case of SCS = 30 kHz, the maximum transmission bandwidth seems to be 11 PRBs. 
However, if transform precoding is enabled for PUSCH, a.k.a. using DFT-s-OFDM waveform, the Rel-18 eRedCap UE cannot fully utilize a number of 11 PRBs. This is because the operation of FFT/IFFT requires that the number of PRBs must be divided by 2, 3 or 5. Such restriction is specified in TS 38.211 [4]:
	Transform precoding shall be applied according to

	


resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
	[image: ]

where  is a set of non-negative integers. 


Consequently, when transform precoding is enabled, if the maximum transmission bandwidth is 11 PRBs, the UE can only be allocated with 10 PRBs (10=2×5) at most. 
Observation 1: According to the current NR spec, if the maximum transmission bandwidth is 11 PRBs, when transform precoding is enabled, the UE can only be allocated with 10 PRBs at most.
For fully utilizing the 11 PRBs, we can assume that the transform precoding is disabled, a.k.a. using CP-OFDM waveform. However, recall that CP-OFDM waveform suffers from high PAPR, and thus DFT-s-OFDM is more preferred when coverage is limited and transmission power is high. 
Additionally, in current NR, at least for UE-specific CORESET, the frequency domain resource granularity is a group of 6 PRBs. If a group of PRBs is not fully contained in the BWP, this group of PRBs cannot be configured or allocated for this CORESET. Such restriction is specified in TS 38.331 [5]:
	ControlResourceSet information element
-- ASN1START
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::=              SEQUENCE {
    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),
    duration                            INTEGER (1..maxCoReSetDuration),
    cce-REG-MappingType                 CHOICE {
        interleaved                         SEQUENCE {
            reg-BundleSize                      ENUMERATED {n2, n3, n6},
            interleaverSize                     ENUMERATED {n2, n3, n6},
            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)       OPTIONAL -- Need S
        },
        nonInterleaved                      NULL
    },
    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},
    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-PresentInDCI                        ENUMERATED {enabled}                                  OPTIONAL, -- Need S
    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                    OPTIONAL, -- Need S
    ...,
    [[
    rb-Offset-r16                       INTEGER (0..5)                                            OPTIONAL, -- Need S
    tci-PresentDCI-1-2-r16              INTEGER (1..3)                                            OPTIONAL, -- Need S
    coresetPoolIndex-r16                INTEGER (0..1)                                            OPTIONAL, -- Need S
    controlResourceSetId-v1610          ControlResourceSetId-v1610                                OPTIONAL  -- Need S
    ]]
}

-- TAG-CONTROLRESOURCESET-STOP
-- ASN1STOP

	ControlResourceSet field descriptions

	

	frequencyDomainResources
Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from the first RB group in the BWP. When at least one search space is configured with freqMonitorLocation-r16, only the first  bits are valid (see TS 38.213 [13], clause 10.1). The first (left-most / most significant) bit corresponds to the first RB group in the BWP, and so on. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET. Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero (see TS 38.211 [16], clause 7.3.2.2).





According to the above spec, for a UE-specific CORESET, configuring 12 PRBs and truncating 1 PRB has not been allowed so far. As a result, if the maximum transmission bandwidth is 11 PRBs, only one group of 6 PRBs can be configured to a UE-specific CORESET. 
Observation 2: According to the current NR spec, if the maximum transmission bandwidth is 11 PRBs, a UE-specific CORESET can only be configured with a group of 6 PRBs.
Besides, for PRACH transmission, all short preamble formats occupies LRA=139 subcarriers regardless the numerology [4]. This requires that the UE shall be able to transmit PRACH with 12 continuous PRBs, which cannot be fully supported by a 5 MHz eRedCap UE since it can only transmits on 11 PRBs. The gNB has to configure long preamble formats for 5 MHz eRedCap UEs, which limits the RACH flexibility.
Observation 3: According to the current NR spec, if the maximum transmission bandwidth is 11 PRBs, short preamble formats for PRACH cannot be supported.
As can be seen from the above analysis, if the bandwidth of Rel-18 eRedCap UE is reduced to 5 MHz, it is worth to consider whether the maximum transmission bandwidth configuration NRB can be increased from 11 PRBs to 12 PRBs. This needs RAN4’s involvement. Otherwise, both the UE performance and network flexibility will be significantly impacted.
Proposal 1: If the RF+BB bandwidth of Rel-18 eRedCap UE is reduced to 5 MHz, it is worth to consider whether the maximum transmission bandwidth configuration NRB can be increased from 11 PRBs to 12 PRBs.

[bookmark: _Ref108444429]Analysis of cost reduction
According to the Rel-17 SI outcome, bandwidth reduction of RF+BB from 100 MHz to 20 MHz barely reduces the cost of RF modules. We believe this rule does not change in Rel-18, i.e. from 20 MHz to 5 MHz. 
For Option BW1, BW2 and BW3, Table 1 provides our brief analysis of the cost reduction due to reducing the maximum UE bandwidth: 
[bookmark: _Ref108100557]Table 1 Brief analysis of cost reduction due to bandwidth reduction.
	Related BB blocks
	BW1
	BW2
	BW3

	ADC/DAC
	Y, almost linear
	N
	N

	FFT/IFFT
	Y, almost linear
	N
	N

	Post-FFT data buffering
	Y, almost linear
	Y, not linear
	N

	Receiver processing block 
	Y, not linear
	Y, not linear
	Y, not linear

	LDPC decoding
	Y, not linear
	Y, not linear
	Y, not linear

	HARQ buffer
	Y, almost linear
	Y, almost linear
	Y, almost linear

	DL control processing & decoder
	N
	N
	N

	Synchronization / cell search block
	N
	N
	N

	UL processing block
	Y, not linear
	Y, not linear
	Y, not linear

	MIMO specific processing blocks
	N
	N
	N


To be more specific:
· For BW1, it is expected that the cost of ADC/DAC, FFT/IFFT, Post-FFT data buffering and HARQ buffer can be decreased (almost) linearly with the reduced bandwidth. For receiver processing block, LDPC decoding and UL processing block, the complexity is not only related to the size of data, but also affected by some inevitable data/signal processing procedures which does not scale down linearly with the size of processing data. 
· For BW3, the RedCap UE is able to receive PDCCH in a bandwidth of 20 MHz, thus the complexity of ADC/DAC and FFT/IFFT does not decrease. Regarding post-FFT data buffering, assuming the processing time is not relaxed, the UE needs to buffer all 20 MHz data (e.g. for same slot DL scheduling), until the DCI is decoded and the 5 MHz data can be picked out.
· For BW2, compared to BW3, the difference of cost mainly comes from the post-FFT data buffering. We think the cost can be reduced, due to, e.g. PDCCH reception in a narrower band, but still it is unclear whether the PDSCH/PUSCH and PDCCH are within the same 5 MHz or not. If not, the UE may still need to buffer the data in all 20 MHz. Hence the cost reduction of this block is assumed not linear to the bandwidth reduction.
In Table 2 and Table 3, we estimate the cost of different options for bandwidth reduction in FR1 TDD and FR1 FDD, respectively. The evaluation follows the methodology of TR 38.875 [2]. The detailed breakdown is uploaded in the corresponding excel file [7].
[bookmark: _Ref108195460]Table 2 Cost reduction for different BW reduction options in FR1 TDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	51.30%
	15.78%
	29.99%
	/

	Option BW1
	51.30%
	11.29%
	27.29%
	9.0%

	Option BW2
	51.30%
	12.24%
	27.86%
	7.1%

	Option BW3
	51.30%
	12.63%
	28.10%
	6.3%


[bookmark: _Ref108618400]Table 3 Cost reduction for different BW reduction options in FR1 FDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	73.80%
	26.15%
	45.21%
	/

	Option BW1
	73.80%
	18.64%
	40.70%
	10.0%

	Option BW2
	73.80%
	20.46%
	41.80%
	7.5%

	Option BW3
	73.80%
	21.20%
	42.24%
	6.6%

	Note: HD-FDD is not considered. The same duplex mode, i.e. FD-FDD, is assumed for both Rel-17 RedCap UEs and Rel-18 eRedCap UEs.


In the above tables, compared to the simplest Rel-17 RedCap UE, it is observed that:
· For Option BW1, the cost reduction is 9.0% in TDD and 10.0% in FDD.
· For Option BW2, the cost reduction is 7.1% in TDD and 7.5% in FDD.
· For Option BW3, the cost reduction is 6.3% in TDD and 6.6% in FDD.
Generally speaking, for all BW options, the cost reduction from the simplest Rel-17 RedCap UE to Rel-18 eRedCap UE is much smaller than that from Rel-15 normal UE (non-RedCap UE) to the simplest Rel-17 RedCap UE. This is mainly because bandwidth reduction does not decrease the cost of RF circuits [6]. However, for the simplest Rel-17 RedCap UE, the ratio of cost of RF:BB is about 2:1 in both TDD and FDD. Hence, whichever BW option is adopted, further cost reduction is not surprisingly high.
Observation 4: Compared to the simplest Rel-17 RedCap UE,
· For Option BW1, the cost reduction is 9.0% in TDD and 10.0% in FDD.
· For Option BW2, the cost reduction is 7.1% in TDD and 7.5% in FDD.
· For Option BW3, the cost reduction is 6.3% in TDD and 6.6% in FDD.

Analysis of performance impact
Naturally, reducing UE bandwidth will reduce the peak data rate. As Rel-18 eRedCap UE targets at 10 Mbps (@DL) [1], empirically, a 5 MHz bandwidth is able to fulfill such peak data rate requirement in both paired and unpaired spectrum (assuming a DL-dominant TDD configuration). This can be simply calculated by BW*Qm*(1 – overhead)*(DL/UL ratio) for a single layer transmission. 
Observation 5: Reducing the UE bandwidth leads to peak data rate reduction, but the reduced peak data rate can still fulfill the targeted data rate in Rel-18.
Regarding latency, from physical layer point of view, there should be no difference from Rel-15 normal NR UE. From service point of view, additional latency may be increased due to lower transmission rate, but considering that the target scenarios (e.g. industry sensors) do not need to deliver package with large size, there should not be significant issues in general.
Observation 6: Reducing the UE bandwidth has no significant impact on latency.
As explained in Section 2.1.1, without any modification, for Option BW1 and BW2, the 5 MHz UE can only be configured with 11 PRBs with SCS = 30 kHz, which subsequently limits the bandwidth of CORESET for USS within 6 PRBs. Then, only AL=2 is supported at most for PDCCH USS. According to our simulation [9], the BLER performance of PDCCH USS is deteriorated by 4~5.5 dB compared to AL=4. This can be considered as significant coverage loss of control channel. 
Observation 7: For Option BW1 and BW2, coverage performance of PDCCH USS is deteriorated by 4~5.5 dB due to the AL decrease from 4 to 2.
PDCCH blocking is another significant problem. For instance, within a CORESET of {6 PRBs * 2 OFDM symbols}, at most 2 Rel-18 eRedCap UEs can be multiplexed at the same time, with a poor BLER performance corresponding to AL=1. This will significantly increase the PDCCH blocking probability when multiple Rel-18 eRedCap UEs are within the same BWP.
Observation 8: For Option BW1 and BW2, PDCCH blocking probability will be significantly increased.
Note that these issues do not exist in Option BW3, since only the bandwidth of data channel is 5 MHz while the bandwidth of control channel remains 20 MHz. 

Analysis of coexistence with legacy UEs
Current NR framework supports configuring different BWPs of different sizes for UEs with different bandwidths. However, it may still be challenging to ensure the coexistence of 5 MHz Rel-18 eRedCap UE, 20 MHz Rel-17 RedCap UE and 100 MHz normal UE in FR1. In this subsection, we provide our analysis on the coexistence issues corresponding to different BW options. 
For Option BW1, the following coexistence issues are observed:
· CD-SSB acquisition
A 5 MHz eRedCap UE cannot fully receive CD-SSB with SCS = 30 kHz. Although the eRedCap UE may be able to decode a truncated SSB, the coverage of SSB will be decreased inevitably, which may impact the network planning. Alternatively, 5 MHz eRedCap UE can only access a cell with CD-SSB of SCS = 15 kHz, but this will seriously limit the deployment of Rel-18 eRedCap UE.
· CORESET#0, paging and SIB
A 5 MHz eRedCap UE cannot fully receive CORESET#0 of SCS = 30 kHz, regardless of any configuration. Even for SCS=15 kHz, the number of PRBs for CORESET#0 can only be configured as 24 PRB (i.e. 4.32 MHz), which puts heavy restriction to normal NR UE and leads to congestion.
Another way is to specify a new common CORESET to replace CORESET#0 for 5 MHz RedCap UE. However, this brings additional questions, e.g. whether paging DCI can be received in the new common CORESET, and whether separate SIBs should be transmitted for Rel-18 eRedCap UEs in the new common CORESET bandwidth. 
· Rel-17 separate initial BWP sharing
Separate initial DL and UL BWP can be optionally configured with bandwidth up to 20 MHz. If it is desired that the 5 MHz eRedCap UE can share separate initial DL/UL BWP with Rel-17 RedCap UE, the bandwidth of separate initial DL/UL BWP has to be configured within 5 MHz, which is unfair to Rel-17 RedCap UE.
Another choice is to specify a new separate initial DL/UL BWP pair for 5 MHz eRedCap UE. Needless to say this makes the resource fragmentation issue more serious, and increases network scheduling complexity.
· New separate RACH resource
Apart from the short preamble format issue (see Section 2.1.1), early indication of a 5 MHz eRedCap UE should be considered. If 5 MHz eRedCap UE and Rel-17 RedCap UE share the same RACH resource, the configurable RACH resource is quite restricted, e.g. the FDMed RACH occasion can only be one. Another choice is to introduce new separate RACH resource for 5 MHz RedCap UE. Consequently, the blind detection burden of network is largely increased, and the available resource for data transmission is reduced.
· NCD-SSB burden
During Rel-17, RAN1 had exhaustive debate on whether FG 6-1a (which turns into FG 28-1a in the late stage) is mandatory or not and whether NCD-SSB should be ensured in different cases. At last, it is reluctantly accepted that FG 28-1a is optional, so NCD-SSB should be transmitted in an active BWP in connected mode for a RedCap UE who supports FG 28-1 only, if CD-SSB is not within the active BWP. In Rel-18, if FG 28-1a is still optional for 5 MHz eRedCap UE, plenty of NCD-SSB will be required, i.e. one NCD-SSB set per 5 MHz in the carrier. The transmission requirement of NCD-SSB is a disaster to the network. 
Observation 9: For Option BW1, significant coexistence impacts are observed in terms of CD-SSB acquisition, CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing, RACH resource sharing and NCD-SSB burden.
For Option BW2, the above coexistence issues also exist, except for the CD-SSB acquisition and possibly the NCD-SSB transmission. 
Observation 10: For Option BW2, significant coexistence impacts are observed in terms of CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing and RACH resource sharing.
For Option BW3, some of the above coexistence issues do not exist. Since the 5 MHz restriction only applies to PDSCH and PUSCH, Option BW3 allows the eRedCap shares CD-SSB, NCD-SSB, CORESET#0, and separate initial BWP with Rel-17 RedCap UE. However, separate RACH resource may still be required for early indication, which subsequently enables proper scheduling of Msg2/Msg3/Msg4 within 5 MHz. When paging message and SIBs are shared, the 5 MHz eRedCap UE may or may not be able to decode a truncated paging message or SIB larger than 5 MHz, which depends on the payload and actual transmission bandwidth.
Observation 11: For Option BW3, coexistence impacts are observed in terms RACH resource sharing, paging sharing and SIB sharing.

Analysis of specification impacts
For Option BW1 and BW2, at least the BB bandwidth is restricted within 5 MHz. According to the SID, Rel-15 SSB shall be reused, so no new SSB structure shall be introduced for Rel-18 eRedCap. However, even if the UE may be able to detect a truncated CD-SSB, CORESET#0 is still a serious issue, since the minimum bandwidth of CORESET#0 with SCS=30 kHz is 24 PRBs (i.e. 8.64 MHz). As CORESET#0 determines the bandwidth of many common channels like RACH, paging and SIBs, normative work is foreseen to address certain issues, e.g. designing new CORESET#0 for eRedCap UEs. Moreover, new separate initial BWP and new early indication are hard to avoid. In addition, specification impacts are expected to address the potential performance and coexistence impacts as explained in Section 2.1.1, if only 11 PRBs are allowed for 5 MHz eRedCap UE.
Observation 12: For Option BW1 and BW2, significant specification impact is foreseen on CORESET#0, paging procedure, SIB reception, separate initial BWP sharing and RACH procedure.
Meanwhile, Option BW3 has less specification impacts due to its better forward compatibility on SSB, CORESET#0 and separate initial BWP. It is expected that TS 38.212 and TS 38.214 will be involved to restrict the number of allocated PRBs. Nonetheless, additional specification effort may still be needed to address the RACH resource sharing, paging sharing and SIB sharing.
Observation 13: For Option BW3, specification impact is foreseen on FDRA, RACH procedure, paging procedure and SIB transmission.

[bookmark: _Ref101701767][bookmark: _Ref109152483]Peak data rate reduction
Another possible solution to further reduce UE complexity is to reduce the peak data rate [1]. This is aiming at release the baseband (BB) module cost for data transmission. The following agreements were reached in RAN1#109-e [2]:
	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 ([image: D:\..\Users\cmcc\AppData\Roaming\Foxmail7\Temp-9192-20220519203036\Attach\image001(05-19-20-35-18)(1).png], [image: D:\..\Users\cmcc\AppData\Roaming\Foxmail7\Temp-9192-20220519203036\Attach\image002(05-19-20-35-18)(1).png], [image: D:\..\Users\cmcc\AppData\Roaming\Foxmail7\Temp-9192-20220519203036\Attach\image003(05-19-20-35-18)(1).png]) [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.


In this section, we discuss the cost reduction and potential spec impact and network impact for this approach.

[bookmark: _Ref111194978]Analysis of cost reduction
For Option PR1, PR2 and PR3, Table 4 provides our brief analysis of the cost reduction due to reducing the peak data rate: 
[bookmark: _Ref108618959]Table 4 Brief analysis of cost reduction due to peak data rate reduction.
	Related BB blocks
	PR1
	PR2
	PR3

	ADC/DAC
	N
	N
	N

	FFT/IFFT
	N
	N
	N

	Post-FFT data buffering
	N
	N
	N

	Receiver processing block 
	N
	N
	Y, not linear

	LDPC decoding
	Y, not linear
	Y, not linear
	Y, not linear

	HARQ buffer
	Y, almost linear
	Y, almost linear
	Y, almost linear

	DL control processing & decoder
	N
	N
	N

	Synchronization / cell search block
	N
	N
	N

	UL processing block
	Y, not linear
	Y, not linear
	Y, not linear

	MIMO specific processing blocks
	N
	N
	N


Specifically:
· For all Option PR1, PR2 and PR3, the cost/complexity of LDPC decoding, HARQ buffer and UL processing block can be reduced. Among them, only HARQ buffer can be scaled down linearly with the reduced peak data rate. Cost reduction of other blocks cannot be linear since they are implemented with some procedures which will not be simplified along with the processing data size.
· Owing to the reduced number of allocated PRBs, the complexity of receiver processing block of Option PR3 can be additionally reduced. But similar to the bandwidth reduction case, it is still not scaled down linearly with the reduced peak data rate. 
In Table 5 and Table 6, we estimate the cost of different options for peak data rate reduction in FR1 TDD and FR1 FDD, respectively. The evaluation follows the methodology of TR 38.875 [2]. The detailed breakdown is uploaded in the corresponding excel file [7].
[bookmark: _Ref108621502]Table 5 Cost reduction for different PR reduction options in FR1 TDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	51.30%
	15.78%
	29.99%
	/

	Option PR1
	51.30%
	14.05%
	28.95%
	3.5%

	Option PR2
	51.30%
	14.05%
	28.95%
	3.5%

	Option PR3
	51.30%
	12.91%
	28.27%
	5.7%


[bookmark: _Ref108621507]Table 6 Cost reduction for different PR reduction options in FR1 FDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	73.80%
	26.15%
	45.21%
	/

	Option PR1
	73.80%
	23.57%
	43.66%
	3.4%

	Option PR2
	73.80%
	23.57%
	43.66%
	3.4%

	Option PR3
	73.80%
	21.67%
	42.52%
	6.0%

	Note: HD-FDD is not considered. The same duplex mode, i.e. FD-FDD, is assumed for both Rel-17 RedCap UEs and Rel-18 eRedCap UEs.


In the above tables, compared to the simplest Rel-17 RedCap UE, it is observed that:
· For Option PR1, the cost reduction is 3.5% in TDD and 3.4% in FDD.
· For Option PR2, the cost reduction is 3.5% in TDD and 3.4% in FDD.
· For Option PR3, the cost reduction is 5.7% in TDD and 6.0% in FDD.
During the estimation, it is assumed that PR1 leads to the same peak data rate with PR2, i.e. 10 Mbps in DL. This results in the same cost reduction for these two options. Even if the eventual peak data rate and the cost reduction of PR1 are different from that of PR2, the difference should be marginal. Compared to PR1/PR2, PR3 has lower cost thanks to the simplified receiver processing block. However, the cost reduction of PR3 is still smaller than BW3, since the PRB reduction of BW3 is a centralized one but PR3 is with a distributed manner. 
Observation 14: Compared to the simplest Rel-17 RedCap UE,
· For Option PR1, the cost reduction is 3.5% in TDD and 3.4% in FDD.
· For Option PR2, the cost reduction is 3.5% in TDD and 3.4% in FDD.
· For Option PR3, the cost reduction is 5.7% in TDD and 6.0% in FDD.

Analysis of performance impact
In general, Option PR1, PR2 and PR3 are designed to fulfill data rate requirement of Rel-18 eRedCap UE while reducing the cost as much as possible. It is obvious that all these PR options can fulfill the data rate requirement as in the SID [1].
Observation 15: All PR options can fulfill the data rate requirement in Rel-18.
Regarding latency, similar to the BW reduction case, there should be no difference with Rel-15 normal NR UE from physical layer’s view. From service point of view, the latency may be increased due to lower transmission rate, but it is quite natural for any PR options, which should not cause serious troubles for the targeted scenarios, e.g. small package delivery for industry sensors.
Observation 16: Reducing the peak data rate has no significant impact on latency.
Regarding coverage, there should be no significant impact to the coverage performance. Comparing to Option PR1 and PR2, Option PR3 may have some coverage loss in PDSCH, due to the higher MCS and lower DL power.
Observation 17: Reducing the peak data rate has no significant impact on coverage.
For all PR options, the bandwidth of control channel remains unchanged, i.e. 20 MHz. Therefore, it is not expected to have negative impact on PDCCH capacity.
Observation 18: Reducing the peak data rate will not cause PDCCH blocking issue.

Analysis of coexistence with legacy UEs
In general, Option PR1 and PR2 almost have full forward compatibility, which only put a MCS/TBS restriction in PDSCH and PUSCH, and thus no significant coexistence issues should be observed. Even with a restricted TBS, e.g. 5000 bits, the payload size should be sufficient to support the reception of SIBs, Msg2, Msg4 and paging messages, not to mention the transmission of Msg3. 
Observation 19: For Option PR1 and PR2, no significant coexistence issue is foreseen.
For Option PR3, similar to the Option BW3, since the schedulable number of PRBs is reduced, the sharing of RACH channels, paging message and SIBs may be affected. 
Observation 20: For Option PR3, coexistence impacts are observed in terms RACH resource sharing, paging sharing and SIB sharing.

Analysis of specification impact
In general, all PR options are expected to have less specification impact than BW reduction options. For Option PR1 and PR2, minor clarification will be required in TS 38.806 and/or TS 38.214, respectively. Note that possibly both Option PR1 and PR2 can be adopted to compose a complete solution for peak data rate reduction from RAN1+RAN2 point of view. Otherwise there might be some contradictory between RAN1 and RAN2 specification.
Observation 21: For Option PR1 and PR2, minor specification impact is foreseen for TBS calculation and/or data rate restriction.
For Option PR3, to restrict the number of allocated PRBs, change on TS 38.212 and/or TS 38.214 will be required. Similar to the BW3 case, specification effort may still be needed to address the RACH resource sharing, paging sharing and SIB sharing.
Observation 22: For Option PR3, specification impact is foreseen on FDRA, RACH procedure, paging procedure and SIB transmission.

[bookmark: _Ref109152486]Combination of different methods
In the SID, it is mentioned that relaxing UE processing timeline (for PUSCH/PDSCH/CSI) may also be considered, in combination with UE bandwidth reduction or reduced UE peak data rate. The following agreements were reached in RAN1#109-e [2]:
	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.
Agreement
· UE complexity reduction is studied for the following combinations:
· Reference case (Rel-17 RedCap UE)
· BW1 + PT1 + PT2
· BW3 + PT1 + PT2
· PR1 + PT1 + PT2
· PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
· BW1 + PT1
· BW3 + PT1
· PR1 + PT1
· PR3 + PT1
· BW2 + PT1 + PT2
· PR2 + PT1 + PT2



Analysis of cost reduction
According to the agreements, for PT1, the UE processing time for HARQ/PUSCH in terms of N1 and N2 is doubled. For PT2, the UE processing time for CSI in terms of Z and Z’ is doubled, too. Option PT1 and PT2 can be combined together as PT1 + PT2. 
Table 7 provides our brief analysis of the cost reduction due to relaxation of UE processing time: 
[bookmark: _Ref108698145]Table 7 Brief analysis of cost reduction due to UE processing time relaxation.
	Related BB blocks
	PT1
	PT2
	PT1+PT2

	ADC/DAC
	N
	N
	N

	FFT/IFFT
	N
	N
	N

	Post-FFT data buffering
	N
	N
	N

	Receiver processing block 
	Y, not linear
	Y, not linear
	Y, not linear

	LDPC decoding
	Y, not linear
	N
	Y, not linear

	HARQ buffer
	N
	N
	N

	DL control processing & decoder
	Y, not linear
	Y, not linear
	Y, not linear

	Synchronization / cell search block
	N
	N
	N

	UL processing block
	Y, not linear
	Y, not linear
	Y, not linear

	MIMO specific processing blocks
	N
	Y, not linear
	Y, not linear


As can be seen from the above table, if both Option PT1 and Option PT2 are applied, the following BB blocks can be simplified: receiver processing block, LDPC decoding, DL control processing & decoder, UL processing block and MIMO specific processing blocks. However, we do not think processing delay contributes to cost reduction linearly. Some basic functions of these blocks, e.g. data extracting, storing, and computing, will not be significantly changed with the processing time. What’s more, due to the reduction of number of Rx branches and UE bandwidth in Rel-17, the above blocks have already been simplified. Hence, the room of further cost reduction due to Option PT1 and PT2 should not be overestimated. 
In Table 8 and Table 9, we estimate the cost of different BW options combined with PT1 + PT2 in FR1 TDD and FR1 FDD, respectively. In Table 10 and Table 11, we estimate the cost of different PR options combined with PT1 + PT2 in FR1 TDD and FR1 FDD, respectively. The detailed breakdown, and some other combinations have been uploaded in the corresponding excel file [7].
[bookmark: _Ref108701382]Table 8 Cost reduction for different BW reduction options in FR1 TDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	51.30%
	15.78%
	29.99%
	/

	Option BW1
	51.30%
	11.29%
	27.29%
	9.0%

	Option BW1 + PT1 + PT2
	51.30%
	10.44%
	26.78%
	10.7%

	Option BW2
	51.30%
	12.24%
	27.86%
	7.1%

	Option BW2 + PT1 + PT2
	51.30%
	11.39%
	27.35%
	8.8%

	Option BW3
	51.30%
	12.63%
	28.10%
	6.3%

	Option BW3 + PT1 + PT2
	51.30%
	11.51%
	27.43%
	8.5%


[bookmark: _Ref108701386]Table 9 Cost reduction for different BW reduction options in FR1 FDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	73.80%
	26.15%
	45.21%
	/

	Option BW1
	73.80%
	18.64%
	40.70%
	10.0%

	Option BW1 + PT1 + PT2
	73.80%
	17.33%
	39.92%
	11.7%

	Option BW2
	73.80%
	20.46%
	41.80%
	7.5%

	Option BW2 + PT1 + PT2
	73.80%
	19.20%
	41.04%
	9.2%

	Option BW3
	73.80%
	21.20%
	42.24%
	6.6%

	Option BW3 + PT1 + PT2
	73.80%
	19.35%
	41.13%
	9.0%

	Note: HD-FDD is not considered. The same duplex mode, i.e. FD-FDD, is assumed for both Rel-17 RedCap UEs and Rel-18 eRedCap UEs.


[bookmark: _Ref108701396]Table 10 Cost reduction for different PR reduction options in FR1 TDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	51.30%
	15.78%
	29.99%
	/

	Option PR1/PR2
	51.30%
	14.05%
	28.95%
	3.5%

	Option PR1/PR2 + PT1 + PT2
	51.30%
	13.04%
	28.34%
	5.5%

	Option PR3
	51.30%
	12.91%
	28.27%
	5.7%

	Option PR3 + PT1 + PT2
	51.30%
	11.76%
	27.58%
	8.0%


[bookmark: _Ref108701401]Table 11 Cost reduction for different PR reduction options in FR1 FDD.
	Option
	RF cost compared to Rel-15 UE
	BB cost compared to Rel-15 UE
	Total cost compared to Rel-15 UE (RF:BB=40:60)
	Total reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	73.80%
	26.15%
	45.21%
	/

	Option PR1/PR2
	73.80%
	23.57%
	43.66%
	3.4%

	Option PR1/PR2 + PT1 + PT2
	73.80%
	21.98%
	42.71%
	5.5%

	Option PR3
	73.80%
	21.67%
	42.52%
	6.0%

	Option PR3 + PT1 + PT2
	73.80%
	19.77%
	41.38%
	8.5%

	Note: HD-FDD is not considered. The same duplex mode, i.e. FD-FDD, is assumed for both Rel-17 RedCap UEs and Rel-18 eRedCap UEs.


Note that based on our assumption in Section 2.2.1, PR2 + PT1 + PT2 has identical result as PR1+PT1+PT2. In the above tables, compared to the simplest Rel-17 RedCap UE, it is observed that:
· For Option BW1 + PT1 + PT2, the cost reduction is 10.7% in TDD and 11.7% in FDD.
· For Option BW2 + PT1 + PT2, the cost reduction is 8.8% in TDD and 9.2% in FDD.
· For Option BW3 + PT1 + PT2, the cost reduction is 8.5% in TDD and 9.0% in FDD.
· For Option PR1/PR2 + PT1 + PT2, the cost reduction is 5.5% in TDD and 5.5% in FDD.
· For Option PR3 + PT1 + PT2, the cost reduction is 8.0% in TDD and 8.5% in FDD.
We can also observe that, compared to the BW options and PR options without PT1 or PT2, Option PT1 + PT2 can provide additional cost reduction by about 1.7%-2.5%. Specifically, although not listed here, when only Option PT1 is adopted and combined with BW options or PR options, the additional cost reduction is around 1.2%-1.6% [7]. 
Observation 23: Compared to the simplest Rel-17 RedCap UE,
· For Option BW1 + PT1 + PT2, the cost reduction is 10.7% in TDD and 11.7% in FDD.
· For Option BW2 + PT1 + PT2, the cost reduction is 8.8% in TDD and 9.2% in FDD.
· For Option BW3 + PT1 + PT2, the cost reduction is 8.5% in TDD and 9.0% in FDD.
· For Option PR1/PR2 + PT1 + PT2, the cost reduction is 5.5% in TDD and 5.5% in FDD.
· For Option PR3 + PT1 + PT2, the cost reduction is 8.0% in TDD and 8.5% in FDD.
Observation 24: Compared to the BW options and PR options without PT1 or PT2, Option PT1 + PT2 can provide additional cost reduction by about 1.7-2.5%.

Analysis of performance impact
In general, Option PT1 and PT2 will only lead to reduction of instantaneous peak data rate. However, due to PT1, the HARQ round trip time will be extended. Also, PT2 may lead to longer time that PUSCH cannot be scheduled due to out-of-order limit when A-CSI feedback is triggered. These may potentially lead to DL and UL throughput reduction.
Observation 25: Option PT1 and PT2 have no significant impact on instantaneous peak data rate, but may lead to DL and UL throughput reduction.
Obviously, relaxing UE processing time will lead to larger transmission latency compared to existing UEs. For PT1, both the feedback delay of PUCCH and the scheduling delay of PUSCH are extended. For PT2, the longer out-of-order time will reduce the schedulable time of PUSCH.
Observation 26: Option PT1 and PT2 will lead to larger transmission latency.
Relaxing UE processing time does not have significant impact on the coverage performance or PDCCK blocking. Although Option PT2 may increase the risk of outdated CSI feedback, the impact is expected to be small since the target scenarios do not include high speed ones.
Observation 27: Option PT1 and PT2 have no significant impact on coverage or PDCCH blocking.

Analysis of coexistence with legacy UEs
There are already two kinds of UE processing capabilities defined in NR, namely capability 1 and capability 2 [8]. The gNB scheduler needs to consider two different priority orders of each scheduled PRB (group), i.e. whether a PRB (group) should be firstly allocated to a UE with capability 1 or capability 2. Two different priority orders can be denoted as 1→2 and 2→1. If a new processing capability is introduced (e.g. capability 0), the scheduler of gNB has to consider six priority orders of each PRB, i.e. 1→2→0, 2→1→0, 1→0→2, 2→0→1, 0→1→2, 0→2→1. This makes the scheduler of gNB much more complicated than before. Dynamic sharing of time-frequency resource for Rel-18 eRedCap UE and normal NR UE or Rel-17 RedCap UE will be very difficult. Such design will hinder the software update of gNB to support Rel-18 eRedCap UE.
Observation 28: Relaxed UE processing time will significantly increase the gNB scheduling complexity, which makes it difficult to dynamically share resource between Rel-18 eRedCap UEs and other UEs.
In RRC_CONNECTED mode, the gNB can schedule a UE with proper delay based on its capability report. However, during initial access, if Rel-18 eRedCap UE cannot be identified during Msg1, the scheduling of Msg3 may be a problem. In a worst case, when Rel-18 eRedCap UE shares RACH resources with Rel-17 RedCap UE or normal NR UE, the gNB may have to use the largest delay corresponding to capability 0 when scheduling Msg3 through RAR grant. This will increase the access delay for all existing UEs. 
Observation 29: For relaxed UE processing time, coexistence issue is observed in terms of Msg3 scheduling when RACH resource is shared.

Analysis of specification impacts
To support a relaxed processing time, a new UE capability of processing capability in terms of N1/N2 for HARQ/PUSCH shall be specified. This may also lead to modification of default TDRA table for PUSCH. Besides, CSI computation delay capability in terms of Z/Z’ shall also be introduced in related specifications.
Nevertheless, for PT1, the relaxed processing time has a direct impact on RACH resource sharing:
· If the scheduling of Msg3 (and possibly the PUCCH for Msg4) of a Rel-18 eRedCap UE does not need to follow the relaxed processing time, sharing the RACH resource does not introduce additional access delay to existing UEs.
· On the contrary, if the scheduling of Msg3 (and possibly the PUCCH for Msg4) of a Rel-18 eRedCap UE must follow the relaxed processing time,
· If RACH resource is still shared, the gNB may have to use conservative scheduling, so that additional delay is introduced to existing UEs.
· To avoid negative impacts to existing UEs, separate RACH resource may be introduced for early identification, which increases the blind detection burden of the network.
Observation 30: For Option PT1, specification impact is foreseen on new timeline capability, modification of default TDRA table for PUSCH, and RACH resource sharing.
Observation 31: For Option PT2, specification impact is foreseen on new timeline capability.

Views on Rel-18 eRedCap scope
From the analysis in Section 2.1 and Section 2.2, we can see that there are about three levels of cost reduction for Rel-18 eRedCap UEs, which can be summarized in Table 12.
[bookmark: _Ref109153679]Table 12 Categorization of BW options and PR options.
	Levels
	Options
	Cost reduction
	Drawbacks

	1
	PR1, PR2
	~3.5%
	· No significant coexistence impact is foreseen.
· No or minor specification impact is foreseen.

	2
	BW3, PR3
	~6%
	· Have some coexistence impacts on RACH resource sharing, paging sharing and SIB sharing.
· Medium specification impact on FDRA, RACH procedure, paging procedure and SIB transmission.

	3
	BW1, BW2
	~7-10%
	· Bring difficulty in full PRB utilization of PUSCH (DFT-s-OFDM), CORESET, and cannot support short PRACH preamble formats, if the transmission bandwidth is limited to 11 PRBs @ SCS = 30 kHz.
· Significant coexistence impacts are observed in terms of CD-SSB acquisition (BW1), CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing, RACH resource sharing and NCD-SSB burden (BW1).
· Negative impact on PDCCH coverage performance and PDCCH blocking probability.
· Significant specification impact is foreseen on CORESET#0, paging procedure, SIB reception, separate initial BWP sharing and RACH procedure.


As can be observed in the above table, Level 1 options (PR1, PR2) can achieve ~3.5% cost reduction at the cost of almost nothing. Level 2 options (BW3, PR3) can achieve ~6% cost reduction at the cost of some coexistence impacts on RACH, paging and SIB, which subsequently requires normative work to address the related issues. Level 3 options (BW1, BW2) achieves the highest cost reduction of ~7-10%, but in return introduce plenty of drawbacks which almost require redesigning the whole air-interface for Rel-18 eRedCap UEs. 
In our opinion, it is unrealistic for RAN1 group to pursue Level 3 options (BW1, BW2) in Rel-18. Instead, one of Level 1 options or Level 2 options can be further considered for Rel-18 eRedCap UEs.
Proposal 2: Further consider Level 1 options (PR1, PR2) or Level 2 options (BW3, PR3) for cost reduction of Rel-18 eRedCap UEs.
From Section 2.3, we can see that doubling UE processing time in terms of N1/N2 and Z/Z’ can bring additional 1.7~2.5% cost reduction. However, this is at the cost of significantly increased gNB scheduling complexity. It will also force the gNB to configure separate RACH resource (preamble or RO) to identify Rel-18 eRedCap UE, since the gNB needs to handle different timelines for Msg3 transmission. Additional effort is also required to define new default TDRA tables for PUSCH scheduling. In short, we do not think such marginal cost reduction is worthy to relax UE processing time for Rel-18 eRedCap UEs.
Proposal 3: Relaxing UE processing time is not pursued for Rel-18 eRedCap UE.

Conclusion
In this contribution, we analyze the cost reduction, performance impact, coexistence issue and specification impact of different cost reduction solutions for Rel-18 eRedCap UE. The observations and proposals are summarized as follows.
Observation 1: According to the current NR spec, if the maximum transmission bandwidth is 11 PRBs, when transform precoding is enabled, the UE can only be allocated with 10 PRBs at most.
Observation 2: According to the current NR spec, if the maximum transmission bandwidth is 11 PRBs, a UE-specific CORESET can only be configured with a group of 6 PRBs.
Observation 3: According to the current NR spec, if the maximum transmission bandwidth is 11 PRBs, short preamble formats for PRACH cannot be supported.
Observation 4: Compared to the simplest Rel-17 RedCap UE,
· For Option BW1, the cost reduction is 9.0% in TDD and 10.0% in FDD.
· For Option BW2, the cost reduction is 7.1% in TDD and 7.5% in FDD.
· For Option BW3, the cost reduction is 6.3% in TDD and 6.6% in FDD.
Observation 5: Reducing the UE bandwidth leads to peak data rate reduction, but the reduced peak data rate can still fulfill the targeted data rate in Rel-18.
Observation 6: Reducing the UE bandwidth has no significant impact on latency.
Observation 7: For Option BW1 and BW2, coverage performance of PDCCH USS is deteriorated by 4~5.5 dB due to the AL decrease from 4 to 2.
Observation 8: For Option BW1 and BW2, PDCCH blocking probability will be significantly increased.
Observation 9: For Option BW1, significant coexistence impacts are observed in terms of CD-SSB acquisition, CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing, RACH resource sharing and NCD-SSB burden.
Observation 10: For Option BW2, significant coexistence impacts are observed in terms of CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing and RACH resource sharing.
Observation 11: For Option BW3, coexistence impacts are observed in terms RACH resource sharing, paging sharing and SIB sharing.
Observation 12: For Option BW1 and BW2, significant specification impact is foreseen on CORESET#0, paging procedure, SIB reception, separate initial BWP sharing and RACH procedure.
Observation 13: For Option BW3, specification impact is foreseen on FDRA, RACH procedure, paging procedure and SIB transmission.
Observation 14: Compared to the simplest Rel-17 RedCap UE,
· For Option PR1, the cost reduction is 3.5% in TDD and 3.4% in FDD.
· For Option PR2, the cost reduction is 3.5% in TDD and 3.4% in FDD.
· For Option PR3, the cost reduction is 5.7% in TDD and 6.0% in FDD.
Observation 15: All PR options can fulfill the data rate requirement in Rel-18.
Observation 16: Reducing the peak data rate has no significant impact on latency.
Observation 17: Reducing the peak data rate has no significant impact on coverage.
Observation 18: Reducing the peak data rate will not cause PDCCH blocking issue.
Observation 19: For Option PR1 and PR2, no significant coexistence issue is foreseen.
Observation 20: For Option PR3, coexistence impacts are observed in terms RACH resource sharing, paging sharing and SIB sharing.
Observation 21: For Option PR1 and PR2, minor specification impact is foreseen for TBS calculation and/or data rate restriction.
Observation 22: For Option PR3, specification impact is foreseen on FDRA, RACH procedure, paging procedure and SIB transmission.
Observation 23: Compared to the simplest Rel-17 RedCap UE,
· For Option BW1 + PT1 + PT2, the cost reduction is 10.7% in TDD and 11.7% in FDD.
· For Option BW2 + PT1 + PT2, the cost reduction is 8.8% in TDD and 9.2% in FDD.
· For Option BW3 + PT1 + PT2, the cost reduction is 8.5% in TDD and 9.0% in FDD.
· For Option PR1/PR2 + PT1 + PT2, the cost reduction is 5.5% in TDD and 5.5% in FDD.
· For Option PR3 + PT1 + PT2, the cost reduction is 8.0% in TDD and 8.5% in FDD.
Observation 24: Compared to the BW options and PR options without PT1 or PT2, Option PT1 + PT2 can provide additional cost reduction by about 1.7-2.5%.
Observation 25: Option PT1 and PT2 have no significant impact on instantaneous peak data rate, but may lead to DL and UL throughput reduction.
Observation 26: Option PT1 and PT2 will lead to larger transmission latency.
Observation 27: Option PT1 and PT2 have no significant impact on coverage or PDCCH blocking.
Observation 28: Relaxed UE processing time will significantly increase the gNB scheduling complexity, which makes it difficult to dynamically share resource between Rel-18 eRedCap UEs and other UEs.
Observation 29: For relaxed UE processing time, coexistence issue is observed in terms of Msg3 scheduling when RACH resource is shared.
Observation 30: For Option PT1, specification impact is foreseen on new timeline capability, modification of default TDRA table for PUSCH, and RACH resource sharing.
Observation 31: For Option PT2, specification impact is foreseen on new timeline capability.
Proposal 1: If the RF+BB bandwidth of Rel-18 eRedCap UE is reduced to 5 MHz, it is worth to consider whether the maximum transmission bandwidth configuration NRB can be increased from 11 PRBs to 12 PRBs.
Proposal 2: Further consider Level 1 options (PR1, PR2) or Level 2 options (BW3, PR3) for cost reduction of Rel-18 eRedCap UEs.
Proposal 3: Relaxing UE processing time is not pursued for Rel-18 eRedCap UE.
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