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1	Introduction
One of the objectives of the Rel-18 work item on “Enhanced support of reduced capability NR devices” ‎[1] is to specify support for the following further UE complexity reduction features:
	Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 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.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.



In this contribution, we present our initial views on these UE complexity reduction features. Here, we use the term “eRedCap UE” when referring to a UE that supports one or more of these features.
This contribution is a revision of [5]. The main change compared to [5] is the new added figure (Figure 3) where the results show that there is gain from using a UE bandwidth of 14 PRBs instead of 11 PRBs of 4.1 dB with 1 SIB1 transmission and a gain of 1.6 dB with 4 SIB1 transmissions.
2	UE BB bandwidth reduction
According to Rel-15/16 NR specifications, an NR UE is required to support 100 MHz in FR1. For Rel-17 RedCap UEs, the maximum UE bandwidth is 20 MHz in FR1. For Rel-18 eRedCap UEs, as described in Section 1, UE baseband (BB) bandwidth reduction to 5 MHz will be introduced. 
In more detail, the UE BB bandwidth reduction can be characterized as follows: 
· 5 MHz UE BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz UE 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.
· Size of BWPs can be up to 20 MHz, but UE BB bandwidth of data transmission/reception/processing (both UL and DL) is limited to a span of 5 MHz. 
· The position of the 5 MHz UE BB bandwidth for data can be anywhere within the 20 MHz UE RF bandwidth.

An illustration of further BB bandwidth reduction technique for Rel-18 is provided in Figure 1.
[image: ]
Figure 1: Illustration of further BB bandwidth reduction for Rel-18 eRedCap.

In this section, we provide our initial views on the above complexity reduction feature.
2.1	Clarification of UE BB bandwidth reduction feature
Before the impacts of the UE BB bandwidth reduction are discussed, there are a few questions worth clarifying.
Question 1: Does the UE know where to buffer PDSCH before PDCCH is processed?
For the UE BB bandwidth reduction technique, the complexity of many functional blocks, including post-FFT data buffer, can be reduced ‎[2]. For post-FFT data buffer, the complexity does not decrease linearly with bandwidth reduction as data buffering for the full BWP (which can up to 20 MHz) might be needed in some symbols. 
More specifically:
· For same-slot scheduling, the UE needs to buffer the full BWP during X+Y symbols in every slot, where X represents the symbols where PDCCH transmission may occur, and Y represents the additional time required to decode the DCI. The remaining symbols of the slot, the UE only needs to buffer the bandwidth of the PDSCH transmission.
· For cross-slot scheduling (if supported), the UE might only need to buffer the full BWP during X symbols in every slot, since the UE knows from the DCI decoded in the previous slot what bandwidth it needs to buffer in the current slot to receive the bandwidth of the PDSCH transmission in the current slot. 

Based on our analysis, the complexity of the post-FFT data buffer can be reduced by around 65% proportional to the amount of bandwidth reduction (which corresponds to buffering the full bandwidth for the control channel in 5 symbols out of 14 symbols in each slot). For illustration, in Figure 2, we show how post-FFT buffer size can be impacted with the UE BB bandwidth reduction technique.
[image: ]
[bookmark: _Ref114742864]Figure 2: Illustrative example of the post-FFT buffering approach for UE BB bandwidth reduction for data.

Even with same-slot scheduling, if the UE is informed in advance in which part of the BWP will it receive PDSCH (e.g., by RRC configuration or MAC-CE), the UE needs to buffer only that part of the BWP for PDSCH, thereby maximizing the post-FFT buffer complexity reduction. Then, where exactly to receive PDSCH within this part (which can be up to 5 MHz) can be indicated dynamically in the DCI. Note that it might be possible to use such a mechanism in connected mode only (and not during initial access).
[bookmark: _Toc115450422]Discuss whether the frequency position(s) of the UE baseband bandwidth (up to 5 MHz) for PDSCH within the DL BWP can be indicated by RRC configuration or by MAC-CE to the UE.
If there is a mechanism to indicate the frequency position of the UE baseband bandwidth for data channels, then FDRA can be optimized so that the FDRA indication in the DCI can be with respect to the UE baseband bandwidth (rather than with respect to the BWP). This could allow for a smaller DCI field size, or alternatively, could allow for the use of finer granularity, e.g., for FDRA type 0 indication with the same DCI size, resulting in a potentially more resource efficient scheduling.
[bookmark: _Toc115450423]Discuss whether FDRA optimization be considered for Rel-18 RedCap UEs.

Question 2: Can the resource allocation span a bandwidth of up to 20 MHz? 
During RAN#97e, there were discussions on the definition of the UE BB bandwidth reduction feature. Although the WID was approved, the guidance from the RAN chair was that the exact definition of the UE BB bandwidth reduction can be revisited in RAN#98.
The central question was whether the resource allocation spans a bandwidth of maximum 5 MHz (i.e., the RBs corresponding to 5 MHz fits within contiguous 5 MHz) or a bandwidth of maximum 20 MHz (i.e., the RBs corresponding to 5 MHz can be non-contiguously allocated within 20 MHz). As shown in Table 1, the UE complexity reduction achieved by option BW3 (which corresponds to the former) and option PR3 (which corresponds to the latter) are quite similar (with less than 1% difference in terms of estimated complexity reduction in most cases). The incurred performance impacts are also similar [2]. However, the latter provides more flexibility for the network when scheduling the UE. Therefore, from network point of view, it may be preferrable that the UE BB bandwidth reduction to 5 MHz allows  allocation of PDSCH and PUSCH that spans a bandwidth of up to 20 MHz. Furthermore, allowing interleaved VRB-to-PRB mapping for PDSCH for Rel-18 RedCap UEs enables more efficient scheduling also of other types of UEs scheduled in the same slot with interleaved VRB-to-PRB mapping. Another possibility is to allow the non-contiguous allocation in DL but not in UL (or vice versa). 
Based on the above considerations, we think that RAN1 ought to discuss and try to conclude before RAN#98 whether UE BB bandwidth reduction allows non-contiguous allocation of PDSCH and/or PUSCH with the 20 MHz RF bandwidth.
[bookmark: _Ref115300846]Table 1: Average complexity reduction achieved by UE complexity reduction options BW3 and PR3 compared to corresponding Rel-17 baselines [2]
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW3
	8.02%
	7.66%
	8.90%
	8.72%
	7.68%
	9.19%

	PR3
	7.06%
	6.74%
	8.12%
	9.81%
	6.59%
	7.98%



[bookmark: _Toc115450424]Discuss whether UE BB bandwidth reduction to 5 MHz allows non-contiguous allocation of PDSCH and PUSCH within the 20 MHz RF bandwidth. 

Question 3: How many contiguous PRBs for PDSCH and PUSCH fit within the 5 MHz?
For UE bandwidth reduction options BW1, BW2 and BW3, the following PRB allocations were considered in TR 38.865 [2]:
	-	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.
-	Note: For 30 kHz SCS, 12 contiguous RBs are also optionally studied.



The above PRB allocations are based on the maximum transmission bandwidth configuration in [3], clause 5.3.2, and may be relevant only for UE RF bandwidth reduction (BW1). For simplicity, the same PRB values were considered for all UE bandwidth reduction options during the study phase. However, for the UE BB bandwidth reduction in the WI objective, more PRBs can fit within 5 MHz as there is no need to consider guard bands.
Table 2 and Table 3 show the occupied bandwidth for different number of PRBs and subcarrier spacing. As can be seen, 25 PRBs correspond to a bandwidth of 4.5 MHz for 15 kHz SCS and 11 PRBs correspond to a bandwidth of 3.96 MHz for 30 KHz SCS. In our view, 28 PRBs for 15 kHz and 14 PRBs for 30 kHz, which correspond to 5.04 MHz for both 15 and 30 kHz SCS, achieve a good balance between complexity reduction and PDSCH/PUSCH performance. For instance, the results in Figure 3 show that there is gain from using a UE bandwidth of 14 PRBs instead of 11 PRBs of 4.1 dB with 1 SIB1 transmission and a gain of 1.6 dB with 4 SIB1 transmissions. 




[bookmark: _Ref115305618]Table 2: Occupied bandwidth for different number of PRBs and 15 kHz SCS
	Number of PRBs
	15 kHz SCS

	25
	4.5 MHz

	26
	4.68 MHz

	27
	4.86 MHz

	28
	5.04 MHz

	29
	5.22 MHz



[bookmark: _Ref115307663]Table 3: Occupied bandwidth for different number of PRBs and 30 kHz SCS
	Number of PRBs
	30 kHz SCS

	11
	3.96 MHz

	12
	4.32 MHz

	13
	4.68 MHz

	14
	5.04 MHz

	15
	5.4 MHz




[image: ]
[bookmark: _Ref116059479]Figure 3: BLER performance of SIB1 (2.6 GHz) with bandwidths of 11 and 14 PRBs for 5 MHz UE

[bookmark: _Toc115450425]For UE BB bandwidth reduction, the maximum numbers of PRBs for PDSCH and PUSCH are [28] for 15 kHz SCS and [14] for 30 kHz SCS, corresponding to [5.04] MHz. 

2.2	Impacts of UE BB bandwidth reduction feature
According to TR 38.865 ‎[2], the following impacts can be expected from the BB bandwidth reduction technique: 
	· [bookmark: _Hlk114751879][bookmark: _Hlk114752369]There is link performance impact for SIB1 PDSCH if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz. However, in all scenarios except for 4 GHz with 24 dBm PSD, there is no or negligible coverage impact for SIB1 PDSCH even if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz.

· If the common channels such as SIB1, OSI, RAR, MSG3 etc. are scheduled within 5 MHz, then none of the UE bandwidth reduction options have coexistence issues with legacy UEs, but otherwise there are some coexistence issues with legacy UEs.
· Early indication (through Msg1/MsgA) might be needed.



SIB1 link performance impact
It has been captured in TR 38.865 clause 8.2.4 that, for option BW3, SIB1 achieves better coverage (in terms of MIL) than the bottleneck channel for the Rel-15 NR UE (except for the optional case of 24 dBm/MHz PSD in Urban scenario at 4 GHz). However, in Urban scenario at 2.6 GHz there is a link performance loss of 17.5 dB compared to a Rel-15 NR UE and a loss of 11.24 dB compared to a Rel-17 RedCap UE. 
The performance loss, to some extent, can be compensated by transmitting SIB1 within a 5 MHz bandwidth for all UEs camping in the cell (cf. TR 38.865 clause 8.2.1). However, this would potentially lead to coexistence impacts with legacy UEs. To avoid the coexistence impacts, SIB1 could be transmitted separately for Rel-18 eRedCap UEs and legacy UEs. Since SIB1 transmissions are frequent and periodic, separate SIB1 transmissions would have serious implications on network energy efficiency, network overhead, and inter-cell interference. Therefore, it is not desired to have separate SIB1 transmissions for Rel-18 eRedCap UEs and legacy UEs. 
A more attractive solution to compensate for the link performance loss would be to soft combine multiple SIB1 transmissions, e.g., with different RVs. For instance, assuming gNB transmits SIB1 every 40 ms, 4 SIB1 repetitions are available within the 160 ms SIB1 periodicity/TTI. Our simulation results in Figure 4 indicate that soft combining 4 SIB1 transmissions can provide a compensation of 12.5 dB for the case where a Rel-18 eRedCap UE receives a punctured SIB1 that spans 48 PRBs. That is, a Rel-18 eRedCap UE can achieve the same link performance for SIB1 with soft combining as a Rel-17 RedCap UE without soft combining. Soft combining of SIB1 transmissions within the 160 ms TTI would not entail any RAN1 specification impacts. Furthermore, the link performance of SIB1 is highly dependent on how many PRBs fit within the 5 MHz bandwidth. Comparing Figure 3 and Figure 4 we see that a 48 PRB SIB1 punctured to 14 PRBs outperforms a dedicated 11 PRB SIB1, both in the 1 transmission and the 4 transmissions cases.   
[image: ]
[bookmark: _Ref115313768]Figure 4: BLER performance of SIB1 (2.6 GHz) with 11 PRB bandwidth for 5 MHz UE

[bookmark: _Toc115450426]Coverage compensation techniques for SIB1 are not specified in RAN1 for Rel-18 eRedCap UEs (soft-combining multiple SIB1 transmissions would be sufficient). 

Need for separate early indication
Early indication in Msg1 (or MsgA) via separate preambles/ROs and Msg3 is supported for Rel-17 RedCap devices. Now, RAN1 should discuss whether the Rel-18 eRedCap UEs can always reuse the Rel-17 early indication or if a separate early indication may be needed. In fact, this is one of the open issues in the WID:
	Check in RAN#98-e regarding:
· Whether or not/how a separate early indication can be supported



If RAR (PDSCH), Msg3 (PUSCH), and Msg4 (PDSCH) are scheduled within 5 MHz, then we do not think there is a need for separate early indication for Rel-18 eRedCap UEs. However, having the possibility to configure separate early indication could be useful, e.g., in the following scenarios:
· To enable Msg3 frequency hopping within 20 MHz bandwidth for Rel-17 RedCap UEs. 
· To send a larger TBS in Msg3 for RA-SDT, in which case the network may need to configure a bandwidth larger than 5 MHz for Rel-17 RedCap UEs. 
· To send a larger TBS for Rel-17 RedCap UEs in Msg4 (e.g., with RRC reconfiguration information) and Msg5 (if the UE comes from Idle) than what a Rel-18 eRedCap UE can handle. However, for this case, separate early indication in Msg3 would suffice.

[bookmark: _Toc115450427]Discuss whether the Rel-18 eRedCap UEs should always share the early indication with Rel-17 RedCap UEs, or whether it should be possible to also configure a separate early indication for Rel-18 eRedCap UEs. 

3	UE peak data rate reduction
The peak data rate supported by an NR UE is computed using the following expression from TS 38.306 ‎[12]:
	[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155][bookmark: _Toc76511753]4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.
	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.
	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
	 is the numerology (as defined in TS 38.211 [6])
[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.
	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .



The WI objective for UE peak rate reduction is to relax the constraint vLayers·Qm·f ≥ 4 for Rel-18 eRedCap UEs, i.e., to relax the constraint that the product of the maximum number of supported MIMO layers, the ‘maximum supported modulation order’, and the peak rate scaling factor should be no smaller than 4 for NR SA single carrier operation. This is similar to peak rate reduction option PR1 described in TR 38.865. It is important to note that the so called ‘maximum supported modulation order’ in this context only concerns the modulation order assumed in the peak data rate calculations. The network may still use a higher modulation order than the value indicated by this field when scheduling the UE.
	· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.



With the current constraint, based on the expression from TS 38.306 copied above, the peak data rate supported by a baseline Rel-17 RedCap UE should be at least 55 Mbps in DL and UL. With the current constraint, the peak rates for a Rel-18 eRedCap UE supporting UE BB bandwidth reduction to 5 MHz (only) are shown in Table 4 and Table 5. Note that, according to the Justification section in the WID, the target peak rate for a Rel-18 eRedCap UE is 10 Mbps.

[bookmark: _Ref115353343]Table 4: The peak data rate for a Rel-18 eRedCap UE with vLayers·Qm·f = 4 and supporting only BB bandwidth reduction to 5 MHz, with 5 MHz corresponding to 25/11 PRBs in 15/30 kHz SCS.
	
	FD-FDD, 
15 kHz SCS
(25 PRBs)
	FD-FDD, 
30 kHz SCS
(11 PRBs)
	TDD (DL/UL pattern 3:1),
15 kHz SCS
(25 PRBs)
	TDD (DL/UL pattern 3:1),
30 kHz SCS
(11 PRBs)

	UE BB bandwidth reduction to 5 MHz 
	DL: 13.3 Mbps
UL: 14.3 Mbps

	DL: 11.8 Mbps
UL: 12.6 Mbps
	DL: 10.0 Mbps
UL: 3.6 Mbps

	DL: 8.8 Mbps
UL: 3.1 Mbps




[bookmark: _Ref115353347]Table 5: Peak data rate for a Rel-18 eRedCap UE with vLayers·Qm·f = 4 and supporting only BB bandwidth reduction to 5 MHz, with 5 MHz corresponding to 28/14 PRBs in 15/30 kHz SCS.
	
	FD-FDD, 
15 kHz SCS
(28 PRBs)
	FD-FDD, 
30 kHz SCS
(14 PRBs)
	TDD (DL/UL pattern 3:1),
15 kHz SCS
(28 PRBs)
	TDD (DL/UL pattern 3:1),
30 kHz SCS
(14 PRBs)

	UE BB bandwidth reduction to 5 MHz 
	DL: 15.0 Mbps
UL: 16.0 Mbps

	DL: 15.0 Mbps
UL: 16.0 Mbps

	DL: 11.2 Mbps
UL: 4.0 Mbps

	DL: 11.2 Mbps
UL: 4.0 Mbps




3.1	Clarification of UE peak rate reduction feature
Before the impacts of the UE peak data rate reduction are discussed, there is a question worth clarifying.
Question 4: Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
One of the open issues in the WID is the following [WID]:
	Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



As can be seen from Table 4 and Table 5, for a Rel-18 eRedCap UE supporting only UE BB bandwidth reduction to 5 MHz, the peak rates that can be supported are only modestly higher than the target peak rate of 10 Mbps. When the constraint is relaxed, to e.g., vLayers·Qm·f ≥ 1, for the UE supporting the bandwidth reduction, the peak rates that can be supported would be much lower than the target peak rate of 10 Mbps. This has been shown in Table 6 and Table 7. Note that the relaxation of the constraint to other values less than 4 (e.g., 2 or 3) would not help to achieve the 10 Mbps target even for FD-FDD in some cases. In addition, the combination of bandwidth reduction and peak rate reduction has the following issues:
· The maximum TBS allowed for SIB1 and other SI messages is 2976 bits. In practice, the TBS for these messages is likely to be much smaller, but at least in principle the UE should be able to handle a DL data rate of at least ~3 Mbps with 15 kHz SCS and ~6 Mbps with 30 kHz SCS to properly decode SI. 
· As shown in Table 8, the additional complexity reduction by combining bandwidth reduction with peak rate reduction is very small (less than 0.5% on average) for Rel-18 eRedCap. However, it could potentially result in further memory size reduction (external to the RF+BB parts).

Based on the above, we do not see a need to introduce UE peak data rate reduction on top of UE BB bandwidth reduction.
[bookmark: _Ref115378945]Table 6: The peak data rate for a Rel-18 eRedCap UE with the relaxed constraint vLayers·Qm·f = 1 and supporting only BB bandwidth reduction to 5 MHz, with 5 MHz corresponding to 25/11 PRBs in 15/30 kHz SCS.
	
	FD-FDD, 
15 kHz SCS
(25 PRBs)
	FD-FDD, 
30 kHz SCS
(11 PRBs)
	TDD (DL/UL pattern 3:1),
15 kHz SCS
(25 PRBs)
	TDD (DL/UL pattern 3:1),
30 kHz SCS
(11 PRBs)

	UE BB bandwidth reduction to 5 MHz 
	DL: 3.3 Mbps
UL: 3.5 Mbps

	DL: 2.9 Mbps
UL: 3.1 Mbps
	DL: 2.5 Mbps
UL: 0.9 Mbps

	DL: 2.2 Mbps
UL: 0.8 Mbps




[bookmark: _Ref115378948]Table 7: Peak data rate for a Rel-18 eRedCap UE with the relaxed constraint vLayers·Qm·f = 1 and supporting only BB bandwidth reduction to 5 MHz, with 5 MHz corresponding to 28/14 PRBs in 15/30 kHz SCS.
	
	FD-FDD, 
15 kHz SCS
(28 PRBs)
	FD-FDD, 
30 kHz SCS
(14 PRBs)
	TDD (DL/UL pattern 3:1),
15 kHz SCS
(28 PRBs)
	TDD (DL/UL pattern 3:1),
30 kHz SCS
(14 PRBs)

	UE BB bandwidth reduction to 5 MHz 
	DL: 3.7 Mbps
UL: 4.0 Mbps

	DL: 3.7 Mbps
UL: 4.0 Mbps

	DL: 2.8 Mbps
UL: 1.0 Mbps

	DL: 2.8 Mbps
UL: 1.0 Mbps




Table 8: UE complexity reduction achieved by BB bandwidth reduction and peak rate reduction compared to corresponding Rel-17 baselines (based on our complexity estimates, not the mean value from TR 38.865).
	Complexity reduction
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	Bandwidth reduction [BW3]
	5.8%
	5.1%
	6.8%
	7.2%
	6.1%
	7.9%

	Peak rate reduction [PR1] (vLayers·Qm·f ≥ 1)
	3.1%
	2.3%
	3.6%
	3.8%
	2.8%
	4.2%

	Bandwidth reduction + Peak rate reduction (vLayers·Qm·f ≥ 1) [BW3+PR1]
	6.3%
	5.3%
	7.3%
	7.8%
	6.5%
	8.7%



Another alternative would be to consider UE peak rate reduction as a standalone feature. For this scenario, potential relaxation values and their corresponding peak rates (for FD-FDD) are summarized in Table 9. If introduced as a standalone feature, the relaxation from vLayers·Qm·f ≥ 4 to vLayers·Qm·f ≥ 0.75 would be suitable for Rel-18 eRedCap UEs. In order to report this relaxed constraint, the UE could use the existing values for vLayers, Qm, and f (e.g., vLayers =1, Qm= 1, and f = 0.75). Nonetheless, WID stipulates “to define at most one Rel-18 RedCap UE type for further UE complexity reduction”. It is our understanding that defining two independent complexity reduction features may result in the introduction of two different UE types. Furthermore, this could lead to market fragmentation and limit the benefits of economy-of-scale for Rel-18 eRedCap UEs. 
[bookmark: _Ref115427445]Table 9: Peak data rate for a Rel-18 eRedCap UE for different relaxed constraint values when UE peak data rate reduction is standalone feature (FD-FDD only)
	vLayers·Qm·f
	15 kHz
(106 PRBs)
	30 kHz
(51 PRBs)

	4
(Current value)
	DL: 56.7 Mbps
UL: 60.7 Mbps
	DL: 54.6 Mbps
UL: 58.4 Mbps


	3
	DL: 42.2 Mbps
UL: 45.5 Mbps
	DL: 40.9 Mbps
UL: 43.8 Mbps

	2
	DL: 28.4 Mbps
UL: 30.3 Mbps
	DL: 27.2 Mbps
UL: 29.1 Mbps

	1
	DL: 14.2 Mbps
UL: 15.2 Mbps
	DL: 13.6 Mbps
UL: 14.6 Mbps

	0.8
	DL: 11.3 Mbps
UL: 12.1 Mbps
	DL: 10.9 Mbps
UL: 11.7 Mbps

	0.75
	DL: 10.6 Mbps
UL: 11.4 Mbps
	DL: 10.2 Mbps
UL: 10.9 Mbps

	0.4
	DL: 5.7 Mbps
UL: 6.1 Mbps
	DL: 5.5 Mbps
UL: 5.8 Mbps



Based on the discussion above, it is our view that further discussion is needed in RAN1 before specifying UE peak rate reduction, either as a standalone feature or in combination with UE BB bandwidth reduction. 
[bookmark: _Toc115450428]Discuss in RAN1 whether the Rel-18 eRedCap UEs should support peak rate reduction feature. 
3.2	Impacts of UE peak rate reduction feature
According to TR 38.865 ‎[2], there are no or small impacts with the considered peak rate reduction feature. For instance, it only requires minor clarifications in TS 38.306 to define a new constraint for vLayers·Qm·f. This can be considered after discussions in RAN1 has progressed further.
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Discuss whether the frequency position(s) of the UE baseband bandwidth (up to 5 MHz) for PDSCH within the DL BWP can be indicated by RRC configuration or by MAC-CE to the UE.
Proposal 2	Discuss whether FDRA optimization be considered for Rel-18 RedCap UEs.
Proposal 3	Discuss whether UE BB bandwidth reduction to 5 MHz allows non-contiguous allocation of PDSCH and PUSCH within the 20 MHz RF bandwidth.
Proposal 4	For UE BB bandwidth reduction, the maximum numbers of PRBs for PDSCH and PUSCH are [28] for 15 kHz SCS and [14] for 30 kHz SCS, corresponding to [5.04] MHz.
Proposal 5	Coverage compensation techniques for SIB1 are not specified in RAN1 for Rel-18 eRedCap UEs (soft-combining multiple SIB1 transmissions would be sufficient).
Proposal 6	Discuss whether the Rel-18 eRedCap UEs should always share the early indication with Rel-17 RedCap UEs, or whether it should be possible to also configure a separate early indication for Rel-18 eRedCap UEs.
Proposal 7	Discuss in RAN1 whether the Rel-18 eRedCap UEs should support peak rate reduction feature.
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