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1. Introduction
[bookmark: _Hlk111191040]A new SID on further NR RedCap UE complexity reduction (FS_NR_redcap_enh) was approved at the RAN#94 meeting and updated at the RAN#96 meeting [1]. The objectives of the SI are shown below.
	To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.865:

· 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 discuss on the analysis of UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts for further UE complexity reduction features.


2. Discussion
As described in the SID, the study outcomes for further UE complexity reduction would be captured in TR38.865 and the TR skeleton was agreed in [2] at the RAN1#109-e meeting.
As captured in section 7 of the TR skeleton, the UE complexity reduction features for Rel-18 eRedCap includes further UE bandwidth reduction, further UE peak rate reduction, relaxed UE processing timeline and combinations of UE complexity reduction features. It was also agreed that each complexity reduction features are studied from UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts perspectives. In the following sections, we provide the analysis on these aspects for each complexity reduction feature.


2.1. Further UE bandwidth reduction
[bookmark: _Hlk110964323]In Rel-17, UE bandwidth reduction to 20MHz in FR1 was discussed and some new features, e.g., separate initial DL/UL BWP for Rel-17 RedCap etc., were specified. In Rel-18, now we discuss for further UE complexity reduction and one candidate feature is further UE bandwidth reduction to 5MHz as captured in the objectives of the SID. Regarding the UE bandwidth reduction, the following agreements were made at the RAN1#109-e meeting;
	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.

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.



[bookmark: _Hlk101855043]According to the agreements, three bandwidth reduction options are to be studied while option BW2 is optional. In the following sections, we discuss UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts for each bandwidth reduction option.

2.1.1. [bookmark: _Hlk101855289]UE complexity reduction
In this section, we discuss complexity reduction gain for bandwidth reduction options.

Regarding bandwidth reduction option BW1, the bandwidth for both RF and baseband operation is reduced to 5MHz for all the channels/signals while the RF bandwidth is not reduced compared to Rel-17 RedCap for option BW2 and BW3. Therefore, obviously option BW1 can provide the largest complexity reduction gain compared to option BW2 and BW3.
Observation 1: Option BW1 is expected to provide the largest complexity reduction gain compared to BW2/BW3.

However, it was pointed out by some companies at the last RAN1 meeting that it was observed that the complexity reduction gain is mainly comes from baseband part and additional reduction gain from RF bandwidth reduction is negligible for option BW1. In addition, as discussed in the following sections, the complexity reduction gain and other impacts are expected to be a trade-off, e.g., the expected impacts by option BW1 would be larger than option BW3.
As described in the SID, we believe it is important to ensure the meaningful complexity reduction gain for Rel-18 eRedCap compared to Rel-17 RedCap. On top of that, we should also take other impacts, i.e., performance impacts, coexistence with legacy UEs and specification impacts, and potential solutions for the impacts into account with considering the standardization workload.

2.1.2. Performance impacts
[bookmark: _Hlk101855471]In this section, we discuss performance impacts for bandwidth reduction options in terms of data rate, coverage and latency.

Regarding the data rate for bandwidth reduction options, the bandwidth for PDSCH and PUSCH are restricted to 5MHz for all the options of BW1, BW2 and BW3, and hence the peak data rate can be almost reduced to the target peak data rate, i.e., 10Mbps. For more detail, we discuss in section 2.2.2.

A common issue which is expected for all of options BW1, BW2 and BW3 is that the specified or cell-specifically configured bandwidth exceeds the maximum Rel-18 eRedCap UE BB bandwidth, i.e., 5MHz,in some cases and following solutions can be considered;
1. Perform RF-retuning to receive the channels/signals which are periodically transmitted (e.g., SIB1 PDSCH)
2. Puncture the bits outside the Rel-18 eRedCap UE BB bandwidth
3. Configure Rel-18 eRedCap dedicated configuration/resource which does not exceed the Rel-18 eRedCap UE BB bandwidth

[image: ]
Fig.1: Candidate solutions for which the channel/signal bandwidth exceeds the Rel-18 eRedCap UE BB bandwidth

Depending on which solution above is applied, the performance impacts as well as coexistence impacts and specification impacts would be different.

For the 1st solution listed above, a Rel-18 eRedCap UE would perform RF-retuning within the gap between the channels/signals which are periodically transmitted to receive whole bandwidth of the channel/signal. For this solution, the channel/signal transmitted for legacy UEs can be reused by Rel-18 eRedCap UEs and the eRedCap UE can receive the whole bandwidth of the channel/signal as legacy UEs. Hence, the coverage would not be affected. On the other hand, latency would increase since it requires multiple occasions to receive whole bandwidth of the channel/signal.

For the 2nd solution listed above, a Rel-18 eRedCap UE would puncture the bits outside its BB bandwidth when the bandwidth of the channel/signal exceeds the Rel-18 eRedCap UE BB bandwidth. For this solution, the channel/signal transmitted for legacy UEs can be reused by Rel-18 eRedCap UEs, but the coverage would be affected depending on the amount of punctured bits while no significant impact is expected on latency.

For the 3rd solution listed above, dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured for Rel-18 eRedCap UEs separately from that for legacy UEs. For this solution, the bandwidth for channel/signal is restricted to 5MHz, and then the coverage may be affected due to the frequency diversity loss and/or with higher MCS while no significant impact is expected on latency.

For example, in the current specification, the BW for PBCH is specified as 20 RBs, i.e., 7.2 MHz for 30 kHz SCS. For option BW1 and BW2, the UE is not able to receive whole PBCH at once. It should be noted that Rel-15 SSB should be reused as described in the objective notes of the SID, thus Rel-18 eRedCap specific SSB design is out of scope in this SI. The simplest solution can be the restriction on SCS for SSB, i.e., only 15 kHz SCS SSB is supported and 30kHz SCS SSB is not supported for Rel-18 eRedCap in FR1. This solution may have large impact on operation since the band configured with 30kHz SCS SSB cannot accommodate Rel-18 eRedCap UEs and the operation is restricted to be on the cell with SSB configured with 15 kHz SCS. On the other hand, given that Rel-18 eRedCap does not require high data rate or wide bandwidth while coverage is one of the most important aspects to provide assumed IoT services, FDD bands would be the main deployment scenario, where 15kHz SCS can be typically applied to SSB, and hence this solution can be a candidate solution. In addition to the above, if the 1st solution above is applied, it also enables Rel-18 eRedCap UEs to receive SSB configured with 30 kHz SCS. However, it may take a long time to receive one SSB for Rel-18 eRedCap and also not preferable from power consumption point of view. The 2nd solution above can also be applied and may enable Rel-18 eRedCap UEs to receive SSB configured with 30 kHz SCS. However, the performance degradation due to punctured PBCH within 5MHz BW for 30 kHz SCS should be carefully investigated.
The similar discussion can be considered e.g., for CORESET#0 PDCCH, SIB1 PDSCH and/or signals/channels transmitted/received in initial DL/UL BWP.

[bookmark: _Hlk101855691]The details on the coverage impacts are discussed in our companion contribution [3].

Based on the discussion above, we made the following observations.
Proposal 1: Capture the following observations in TR38.865;
· Latency
· Latency would increase if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted.
· No significant impact is expected if a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth or Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured.
· Coverage
· Coverage would be degraded if a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth or Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured.
· No significant impact is expected if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted.


2.1.3. Coexistence with legacy UEs
In this section, we discuss impacts on coexistence with legacy UEs and NW deployment for bandwidth reduction options.

Similar to the discussion for performance impacts, coexistence with legacy UEs and NW deployment can be different among the three solutions listed above for all options of bandwidth reduction.
For the 1st and 2nd solution, the channel/signal transmitted for legacy UEs can be reused by Rel-18 eRedCap UEs and it is not necessary to specify or configure Rel-18 eRedCap UE specific resource, then NW overhead would not increase.
For the 3rd solution, the resource for channel/signal is configured separately for Rel-18 eRedCap from those for legacy UEs, then the configurations for legacy UEs are not restricted at all. It is also beneficial in terms of Rel-18 eRedCap UE offloading while eRedCap dedicated resources would increase the NW overhead.

Based on the discussion above, we made the following observations.
Proposal 2: Capture the following observations in TR38.865;
· The NW overhead would be increased if Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured separately from those for legacy UEs.
· No significant impact is expected for coexistence with legacy UEs if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted or a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth.


2.1.4. Specification impacts
In this section, we discuss specification impacts for bandwidth reduction options.

Similar to the discussion for performance impacts and coexistence with legacy UEs, specification impacts can be separately discussed for each three solutions listed above.
If the 1st or 2nd solution is applied, the channel/signal transmitted for legacy UEs can be reused by Rel-18 eRedCap UEs, and then no significant impact is expected on specification for all options of bandwidth reduction in general.

For the 3rd solution, expected specification impacts are different depending on the bandwidth reduction option as discussed below. 
For all of option BW1, BW2 and BW3, the bandwidth for data channels needs to be confined within 5MHz even during initial access and random access. 
For example, Rel-18 eRedCap specific SIB1 PDSCH resource can be configured and also the contents of SIB1 can be optimized for Rel-18 eRedCap. This may require specification impacts, e.g., Rel-18 eRedCap dedicated CORESET#0 PDCCH configuration and/or format. More specifically, to schedule Rel-18 eRedCap dedicated SIB1, how to indicate the different SIB1 resource from that for legacy UEs needs to be discussed. For example, how to indicate Rel-18 eRedCap dedicated MIB-configured CORESET#0 PDCCH resource in PBCH MIB or how to schedule Rel-18 eRedCap dedicated SIB1 resource by a DCI format can be studied.
In addition, to make it sure that the bandwidth of data channels would not span larger than 5MHz during random access, Rel-18 eRedCap UE needs to report its capability as early indication during random access as discussed in Rel-17 RedCap WI.

For option BW1 and BW2, baseband bandwidth for all other channels are also reduced to 5MHz, and some additional specification impacts are expected. 
For example, if the 3rd solution is applied, i.e., Rel-18 eRedCap dedicated CORESET#0 is configured, it needs to be discussed how to support separate MIB-configured CORESET#0 which can be confined within 5MHz for Rel-18 RedCap UEs. According to the current specification, the MIB-configured CORESET#0 bandwidth can be configured with 24, 48 or 96 RBs for 15 kHz SCS and 24 or 48 RBs for 30 kHz SCS, and hence, except the case that configuration is 24 RBs with 15 kHz SCS, the CORESET#0 bandwidth exceeds 5MHz. Same as the discussion for PBCH above, the most straightforward solution can be the restriction on the CORESET#0 configuration, i.e., only 24 RBs with 15 kHz SCS can be configured for Rel-18 eRedCap UEs. To support CORESET#0 configured with 30 kHz SCS or 48/96 RBs CORESET#0 for 15 kHz SCS, it can be also considered that smaller number of RBs (e.g., 12 RBs) and lower AL (e.g., AL2) is introduced, which are not supported in the current specification, e.g.,  ALs for type0-PDCCH CSS is specified as AL4, 8 or 16. However, if smaller number of RBs is newly introduced for Rel-18 eRedCap, specification impact would be large since the CORESET#0 resource tables specified in TS38.213 need to be updated/modified.
For another example, minimum TRS bandwidth may require some specification impact. In the current specification, minimum bandwidth for TRS is specified as 52 or 48 especially for shared spectrum operation, which cannot be supported with 5MHz bandwidth regardless of SCS, and hence it should be discussed how to handle this issue. For example, it can be considered that the TRS minimum BW for Rel-18 eRedCap can be specified separately from that for legacy UEs. 
For another example, PUCCH format 2/3 related discussion may be required. In the current specification, the maximum number of RBs (16 is the maximum value in the specification) for PUCCH format 2 and 3 is configured by a higher layer parameter, and the actual number of RBs for PUCCH transmission is decided depending on the payload size of UCI. For Rel-18 eRedCap UE, it can be expected that the maximum number of RBs for PF2/3 would be restricted, e.g., 10 RBs for 30 kHz SCS if the BW is reduced to 5MHz. In that sense, if the UCI size is large such that the legacy UE transmits with 16 RBs, it may not be able to transmit with one PUCCH resource even if the highest target code rate is configured currently supported. By the way, in the current specification, the maximum UCI payload size for PF4 which is configured with single PRB is limited up to 115 bits. Given that the maximum number of RBs for PF2/3 is restricted for Rel-18 eRedCap, the restriction on the maximum UCI payload size can be specified, which is also beneficial to ensure the reliability/coverage of PF2/3.

For option BW1, as discussed in Rel-17 RedCap WI, it may also need a discussion for separate initial DL/UL BWP configuration for Rel-18 eRedCap UE.
If the 3rd solution above is applied, i.e., Rel-18 eRedCap UE specific separate initial DL/UL BWP is supported, a Rel-18 RedCap UE does not expect that channels/signals which are received/transmitted in the BWP span larger bandwidth than 5MHz and the resources for channels related to random access can be configured for Rel-18 eRedCap dedicatedly. In addition, especially for initial DL BWP, if separate initial DL BWP for Rel-18 eRedCap UEs is supported, the same aspects as Rel-17 RedCap may need to be discussed, e.g., whether SSB/CORESET#0 are included in the initial DL BWP and/or whether to receive the SSB outside the BWP, whether CORESET#0 for eRedCap can be used as initial DL BWP and/or whether center frequency alignment with initial UL BWP for Rel-18 eRedCap is necessary. Associated with the discussion of initial UL BWP operation, it may need discussion when all the FDMed ROs are not confined within 5MHz. One possible solution is Rel-18 eRedCap UE dedicated RO configurations to ensure all the ROs associated with each SSB index are confined within 5MHz same as Rel-17 RedCap. Another possible solution is that the NW indicates multiple initial UL BWP configurations and a Rel-18 eRedCap UE selects one applicable initial UL BWP from them which includes the RO associated with the best SSB for the UE. By the way, PUCCH frequency hopping disabling was supported for PUCCH before dedicated configuration for Rel-17 RedCap to avoid PUSCH resource fragmentation issue if separate initial UL BWP is configured. However, if this solution, i.e., multiple initial UL BWP configurations, is supported for Rel-18 eRedCap, PUSCH fragmentation cannot be avoided even if the frequency hopping is disabled. Therefore, this solution is not preferable from the PUSCH resource fragmentation perspective.

Based on the discussion above, we made the following proposal;
Proposal 3: Capture the following observations in TR38.865;
· If Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured, the following specification impacts are expected;
· For option BW1, BW2 and BW3 
· Whether or how Rel-18 eRedCap dedicated SIB1 resource is configured
· Whether or how to report its capability of Rel-18 eRedCap as early indication during random access
· For option BW1 and BW2
· Whether or how Rel-18 eRedCap dedicated MIB-configured CORESET#0 confined within 5MHz is supported
· Whether or how Rel-18 eRedCap dedicated minimum TRS bandwidth is specified
· Whether or how PUCCH format 2 and 3 bandwidth is restricted to 5MHz for Rel-18 eRedCap
· For option BW1
· Whether or how to configure Rel-18 eRedCap dedicated initial DL/UL BWP
· No significant specification impact is expected if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted or a Rel-18 eRedCap UE punctures the bits outside its maximum bandwidth.

2.2. Further UE peak rate reduction
In addition to further UE bandwidth reduction to 5MHz in FR1, another potential solution, further UE peak data rate reduction, is captured in SID. For Rel-17 RedCap, the target peak data rate was set as 150 Mbps. In Rel-18, the target peak data rate is reduced to 10 Mbps for further UE complexity reduction. Regarding the UE peak rate reduction, the following agreements were made at the RAN1#109-e meeting;
	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: ], [image: ], [image: ]) [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.



According to the agreements, three peak rate reduction options are to be studied. In the following sections, we discuss UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts for each bandwidth reduction option.

2.2.1. UE complexity reduction
In this section, we discuss the complexity reduction gain for UE peak data rate reduction options.



For option PR1, the constraint for peak rate calculation is relaxed, i.e., the multiple of [image: ]can be smaller than 4, and then the peak rate would be reduced consequently. On the other hand, for UE complexity reduction perspective, even if the constraint for peak rate calculation is relaxed but the modulation order, number of MIMO layers supported by Rel-18 eRedCap and/or scaling factor is not restricted/reduced at all, the additional complexity reduction gain over option PR2 and PR3 would not be expected.
For option PR3, the number of RBs is restricted within 5MHz while it is not for option PR1 and PR2, and hence the additional complexity reduction gain can be expected from baseband processing part compared to option PR1 and PR2.

Observation 2: Option PR3 is expected to provide larger complexity reduction gain than option PR1 and PR2.

2.2.2. Performance impacts
In this section, we discuss the performance impacts for peak rate reduction options in terms of coverage and data rate.

For the coverage perspective, no significant impact would be expected since the UE bandwidth is still 20 MHz for all of option PR1, PR2 and PR3 as captured in the agreement above.
Proposal 4: Capture the following observations in TR38.865;
· For the coverage perspective, no significant impact would be expected.

Regarding the data rate, it is calculated by the following equation according to TS38.306[4];


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
[image: ] is the maximum number of layers 

 is the maximum modulation order

is the scaling factor 

 is the numerology


 is the average OFDM symbol duration in a subframe for numerology 


 is the maximum RB allocation in bandwidth  with numerology 

is the overhead and takes the following values. [0.14], for frequency range FR1 for DL



For option PR2, the target data rate for Rel-18 eRedCap (i.e., 10Mbps in DL) is achieved by the scaling of the restriction on TBS. For option PR1 and PR3, calculation results of peak data rate are shown in the following table. For option PR1, the peak data rate is reduced close to 10Mbps if  [image: ]in the peak rate calculation equation is reduced to 1, but cannot be lower than 10Mbps. For option PR3, the target peak data rate 10Mbs can be achieved by 16QAM, 1 MIMO layer, 25 RB both for 15 and 30 kHz SCS. In addition, if smaller value of scaling factor (e.g., 0.5) than the current specification which can simplify the baseband part and provide further cost reduction gain is supported, the target peak data rate 10Mbps can be achieved by 64QAM both for 15 and 30 kHz SCS.



Table 1: Peak data rate [Mbps] for option PR1 with [image: ]= 1
	Number of RB and SCS
	

	106 RB, 15 kHz SCS
	14.18

	51 RB, 30 kHz SCS
	13.64


[bookmark: _Hlk110963260]
Table 2: Peak data rate [Mbps] for option PR3
	Modulation order, number of MIMO layer, number of RB and SCS
	Scaling factor

	
	0.5
	0.75
	0.8
	1

	16QAM, 1 layer, 25 RB, 15 kHz SCS
	6.69
	10.03
	10.70
	13.38

	64QAM, 1 layer, 25 RB, 15 kHz SCS
	10.03
	15.05
	16.05
	20.06

	16QAM, 1 layer, 11 RB, 30 kHz SCS
	5.89
	8.83
	9.42
	11.77

	64QAM, 1 layer, 11 RB, 30 kHz SCS
	8.83
	13.24
	14.12
	17.66



Proposal 5: Capture the following observations in TR38.865;
· For the data rate perspective,
· 

Option PR1: The peak data rate would not be restricted sufficiently to Rel-18 eRedCap target peak data rate with [image: ]= 1.
· Option PR2: Peak data rate would be restricted to Rel-18 eRedCap target peak data rate by scaling the limitation on TBS.
· Option PR3: The peak data rate would be restricted to 10Mbps
· if the modulation order, the number of MIMO layer and the scaling factor are restricted as 16QAM, 1 MIMO layer and 0.75 or 0.8 for the scaling factor.
· if the smaller scaling factor is newly introduced as 0.5 and scaling factor is restricted to this value even with 64QAM.


2.2.3. Coexistence with legacy UEs
In this section, we discuss impacts on coexistence with legacy UEs and NW deployment for peak data rate reduction options.

For option PR1, no significant impact is expected if the constraint for peak rate calculation is relaxed but the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced at all. However, if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is restricted, and then the spectral efficiency would be degraded. In addition, configurable modulation order would be restricted for cell common channels as well if they are shared between legacy and Rel-18 eRedCap UEs.
For option PR3, configurable resource would be restricted for SIB1 if it is shared between legacy and Rel-18 eRedCap UEs while it is not expected for PR2 since the maximum TBS in the above agreement would be much larger than the payload size of SIB1 for legacy UEs.

Proposal 6: Capture the following observations in TR38.865;
· For option PR1, no significant impact is expected for coexistence with legacy UEs if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced.
· For option PR3, configurable resource would be restricted for SIB1 if it is shared between legacy and Rel-18 eRedCap UEs.


2.2.4. Specification impacts
In this section, we discuss specification impacts for peak rate reduction options.

For option PR1, no significant impact is expected if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced at all.
For option PR2 and PR3, to make it sure that the TBS for the channel or the channel bandwidth during random access satisfy the restriction for Rel-18 eRedCap, Rel-18 eRedCap early indication would be necessary.

Proposal 7: Capture the following observations in TR38.865;
· For option PR1, no significant impact is expected for specification if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced.
· For option PR2 and PR3, Rel-18 eRedCap early indication would be necessary.

2.3. Relaxed UE processing timeline
To reduce UE peak data rate, it is captured as potential solution in SID objective that UE processing timeline, i.e., PDSCH processing time, PUSCH preparation time and CSI computation time, can be relaxed, and the following agreements were made at the RAN1#109-e meeting;
	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.



According to TR38.875[5], UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts for option PT1 and PT2 are captured in Rel-17 RedCap SI. For example, the complexity reduction gain of option PT1, i.e., N1 = 16, 20 and 34 symbols for 15, 30 and 60 kHz SCS and N2 = 20, 24 and 46 symbols for 15, 30 and 60 kHz SCS, was evaluated, and it was observed that the estimated total cost reduction gain is up to 6% in FR1. Similarly, the total complexity reduction gain for PT2 is evaluated and it was observed that the estimated total complexity reduction gain is up to 5% in FR1. Considering that these complexity reduction evaluations have already been captured in TR in Rel-17, it was agreed that are only reported for combinations with UE bandwidth reduction or UE peak rate reduction. As well as for performance impacts, coexistence with legacy UEs and specification impacts, we don’t see the need to update the study for PT1 and PT2 itself.


2.4. Other complexity reduction techniques
At the last RAN1 meeting, no consensus was achieved whether to study other complexity reduction technique than further UE bandwidth reduction, peak rate reduction and processing time relaxation. However, in addition to the UE complexity reduction features discussed above, maximum HARQ process number reduction can be a solution to reduce UE peak data rate and can provide additional complexity reduction gain.
For Rel-17 RedCap, some companies studied the maximum HARQ process number reduction but it was not adopted since the complexity reduction gain is “relatively” smaller than other adopted complexity reduction techniques. However, for Rel-18 eRedCap, the main goal is to further embrace new use cases, especially requiring low-cost devices (and low energy consumption) while Rel-17 RedCap does not target low-end use cases. In that sense, any complexity reduction techniques which are beneficial for low-end use cases should be supported as long as the complexity reduction gain is justified with reasonable impact(s). From performance, coexistence with legacy UEs and specification impact perspective, no significant impact is expected for the maximum HARQ process number reduction. Therefore, it should be considered as a potential technique for further complexity reduction for Rel-18 eRedCap.
[bookmark: _Hlk111020969]
Proposal 8: RAN1 should discuss the maximum HARQ process number reduction for Rel-18 eRedCap.

3. Conclusion
In this contribution, we discussed UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts for each UE complexity reduction features. Based on the discussion, we made following observations/proposals.

Observation 1: Option BW1 is expected to provide the largest complexity reduction gain compared to BW2/BW3.

Observation 2: Option PR3 is expected to provide larger complexity reduction gain than option PR1 and PR2.

Proposal 1: Capture the following observations in TR38.865;
· Latency
· Latency would increase if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted.
· No significant impact is expected if a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth or Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured.
· Coverage
· Coverage would be degraded if a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth or Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured.
· No significant impact is expected if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted.

Proposal 2: Capture the following observations in TR38.865;
· The NW overhead would be increased if Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured separately from those for legacy UEs.
· No significant impact is expected for coexistence with legacy UEs if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted or a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth.

Proposal 3: Capture the following observations in TR38.865;
· If Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured, the following specification impacts are expected;
· For option BW1, BW2 and BW3 
· Whether or how Rel-18 eRedCap dedicated SIB1 resource is configured
· Whether or how to report its capability of Rel-18 eRedCap as early indication during random access
· For option BW1 and BW2
· Whether or how Rel-18 eRedCap dedicated MIB-configured CORESET#0 confined within 5MHz is supported
· Whether or how Rel-18 eRedCap dedicated minimum TRS bandwidth is specified
· Whether or how PUCCH format 2 and 3 bandwidth is restricted to 5MHz for Rel-18 eRedCap
· For option BW1
· Whether or how to configure Rel-18 eRedCap dedicated initial DL/UL BWP
· No significant specification impact is expected if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted or a Rel-18 eRedCap UE punctures the bits outside its maximum bandwidth.

Proposal 5: Capture the following observations in TR38.865;
· For the data rate perspective,
· 

Option PR1: The peak data rate would not be restricted sufficiently to Rel-18 eRedCap target peak data rate with [image: ]= 1.
· Option PR2: Peak data rate would be restricted to Rel-18 eRedCap target peak data rate by scaling the limitation on TBS.
· Option PR3: The peak data rate would be restricted to 10Mbps
· if the modulation order, the number of MIMO layer and the scaling factor are restricted as 16QAM, 1 MIMO layer and 0.75 or 0.8 for the scaling factor.
· if the smaller scaling factor is newly introduced as 0.5 and scaling factor is restricted to this value even with 64QAM.

Proposal 6: Capture the following observations in TR38.865;
· For option PR1, no significant impact is expected for coexistence with legacy UEs if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced.
· For option PR3, configurable resource would be restricted for SIB1 if it is shared between legacy and Rel-18 eRedCap UEs.

Proposal 7: Capture the following observations in TR38.865;
· For option PR1, no significant impact is expected for specification if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced.
· For option PR2 and PR3, Rel-18 eRedCap early indication would be necessary.

Proposal 8: RAN1 should discuss the maximum HARQ process number reduction for Rel-18 eRedCap.
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