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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.



The above objectives were discussed during RAN1#110bis-e, and several agreements were made. These agreements can be found in [2]. In this contribution, we present our views on the Rel-18 UE complexity reduction features — UE BB bandwidth reduction and UE peak rate reduction — based on these agreements. Here, we use the term “eRedCap UE” when referring to a UE that supports one or more of these features.
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.
· The size of BWPs can be up to 20 MHz, but the total UE BB bandwidth of data transmission/reception/processing (both UL and DL) is limited to 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 for Rel-18 is provided in Figure 1.
[image: ]
Figure 1: Illustration of further BB bandwidth reduction for Rel-18 eRedCap.

In the following subsections, we provide our views on the above complexity reduction feature.
2.1	Number of PRBs for PUSCH and PDSCH 
For the maximum number of PRBs supported by the UE for PDSCH and PUSCH for UE BB bandwidth reduction, the following agreement was made during RAN1#110bis-e [2]:
	Agreement:
[…]
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

Same option will be selected for both PDSCH (at least for unicast) and PUSCH.



For the different options above for maximum number of PRBs and SCSs, Table 1 shows the corresponding occupied bandwidth.
Table 1: Occupied bandwidth for different number of PRBs and SCS
	Option
	Number of PRBs for 15/30 kHz SCS
	Occupied bandwidth for 15/30 kHz SCS

	 Option 1
	28/14
	5.04/5.04 MHz

	 Option 2
	27/13
	4.86/4.68 MHz

	 Option 3
	25/12
	4.50/4.32 MHz

	 Option 4
	25/11
	4.50/3.96 MHz



Some considerations for down-selecting between options 1 to 4 are as follows:
· For Option 4, which correspond to a bandwidth of 4.50 MHz for 15 kHz SCS and a bandwidth of 3.96 MHz for 30 kHz SCS, the PRB values are based on the maximum transmission bandwidth configuration in [4], which would have been relevant in case of UE RF bandwidth reduction. However, for the UE BB bandwidth reduction, more PRBs can be assumed as there is no need to consider guard bands.
· Based on the agreement from RAN1#110bis-e, SIB1 can be scheduled with a bandwidth larger than 5 MHz (as in legacy operation) [2]. This implies that an eRedCap UE may, e.g., either receive and buffer the larger SIB1 bandwidth but process only one 5-MHz chunk per slot, or the UE may receive (by puncturing), buffer, and process only a single 5-MHz chunk of the transmitted SIB1. 
· In the latter case above (the case with the puncturing), slightly larger number of PRBs, for e.g., 28 PRBs for 15 kHz and 14 PRBs for 30 kHz as in Option 1, would help to significantly improve the link performance. For instance, the results in Figure 2 show that there is a gain of 4.1 dB with 1 transmission and a gain of 1.6 dB with 4 transmissions from using 14 PRBs instead of 11 PRBs for reception of a 48-PRB SIB1 (at 10% BLER target).
· For instance, the results in Figure 2 show that there is a gain of 4.1 dB with 1 transmission and a gain of 1.6 dB with 4 transmissions from using 14 PRBs instead of 11 PRBs for reception of a 48-PRB SIB1 (at 10% BLER target). The significantly better performance for the 14-PRB case can be attributed to the higher power as well as to the fact that channel coding deteriorates significantly when a 48-PRB SIB1 is punctured to 11-PRBs. The NR LDPC codes were not designed for non-ideal puncturing. In the case with a TBS of 1256 bits, there are 1016 systematic bits in the circular buffer. In the 11 PRB case, 696, or 69%, of the systematic bits are punctured. In the 14 PRB case, 624, or 61%, of the bits are punctured. The channel coding performance is not expected to degrade gracefully under such excessive and non-ideal puncturing of systematic bits. 
· In the former case (the case with the 20 MHz buffering), Options 1/2/3 would help to complete the processing early compared to Option 4.
· For instance, Option 4 can take up to 5 slots to complete the processing of SIB1 (or, in general, broadcast PDSCH), whereas Options 1/2/3 can complete the processing within 4 slots. 
· Applications of TBS scaling (e.g., with a scaling factor of 0.25) for Msg2 (RAR) might not be possible with Option 4. 
· The complexity reduction gains for Options 1/2/3/4 are almost the same. 
Based on the above considerations, in our view, Option 1, which correspond to 5.04 MHz for both 15 and 30 kHz SCS, achieves a good balance between complexity reduction and PDSCH/PUSCH performance. Although the agreement from RAN1#110bis-e concerns unicast PDSCH (and not broadcast PDSCH) and PUSCH, it seems likely that the UE will support the same maximum bandwidth for both unicast and broadcast PDSCH as well as PUSCH.
[bookmark: _Toc118476822][bookmark: _Toc118725350][bookmark: _Toc118727242][image: ]
[bookmark: _Ref118706496]Figure 2: BLER performance of SIB1 (2.6 GHz) with receive bandwidths of 11 and 14 PRBs for the UE.

[bookmark: _Toc118727232]There is a gain of 4.1 dB with 1 transmission and a gain of 1.6 dB with 4 transmissions from using 14 PRBs instead of 11 PRBs for reception of a 48-PRB SIB1.
[bookmark: _Toc118727243]For UE BB bandwidth reduction, for PUSCH, the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable, is 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS. 
[bookmark: _Toc118727244]For UE BB bandwidth reduction, for both unicast and broadcast PDSCH, the maximum number of PRBs that the UE can process per slot is 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS. 
2.2	Scheduling bandwidths for PUSCH and PDSCH 
2.2.1	PUSCH bandwidth
For the maximum PUSCH bandwidth with which the UE can transmit, the following agreements were made [2]:
	Agreement:
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Agreement:
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.




Based on the above agreements, frequency domain resource allocation should be within ~5 MHz for a PUSCH scheduled by DCI or configured by CG grant. In other words, non-contiguous/distributed resource allocation within 20-MHz RF bandwidth is not supported (at least for a baseline eRedCap UE). It is still FFS whether the same restriction also applies to Msg3 (scheduled by RAR). In our view, the same restriction could be applied to Msg3. It might not be reasonable from a complexity reductive perspective to expect an eRedCap UE to support larger allocation than 5 MHz only for transmitting Msg3. Furthermore, resource allocation Type 0 for PUSCH (Feature 5-2 defined in TR 38.822) and almost contiguous UL CP-OFDM (Feature 2-7 defined in TR 38.822) features cannot be applied to Msg3 and are optional features even for a more advanced NR UE.
[bookmark: _Toc118727245]For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

2.2.2	Unicast PDSCH bandwidth
Assuming same-slot scheduling for both unicast and broadcast PDSCH, the post-FFT buffer must be 20 MHz, at least until PDCCH is decoded. For unicast PDSCH, after decoding PDCCH, the post-FFT buffer can be either 5 MHz or 20 MHz. Having 20 MHz buffer enables reception of PDSCH spanning a bandwidth of more than 5 MHz, which in turn enables non-contiguous resource allocation of unicast PDSCH within 20-MHz RF bandwidth. This provides considerably better NW scheduling flexibility as well as higher DL peak rates (e.g., when contiguous DL resources are not available due to transmission of broadcast channels). Furthermore, additional cost saving by reducing post-FFT buffer from 20 MHz buffer to 5 MHz buffer would be very small (less than 1%) as shown below.
Table 2: Cost saving achieved by BB bandwidth reduction with and without post-FFT buffer reduction (i.e., 5 MHz vs. 20 MHz post-FFT buffer size).
	Complexity reduction
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BB bandwidth reduction with post-FFT buffer reduction
	5.8%
	5.1%
	6.8%
	7.2%
	6.1%
	7.9%

	BB bandwidth reduction without post-FFT buffer reduction
	5.2%
	4.6%
	6.1%
	6.3%
	5.5%
	7.0%



Additionally, resource allocation Type 0 for PDSCH (Feature 5-1 defined in TR 38.822), which allows for non-contiguous allocation, is mandatory without capability signaling for non-eRedCap UEs. We expect this feature to be mandatory also for eRedCap UEs. Note that, unlike for broadcast PDSCH (e.g., SIB1), the scheduling of unicast PDSCH should not be larger than ~5 MHz (in terms of maximum number of PRBs).
[bookmark: _Toc118727233]Additional cost saving by reducing post-FFT buffer from 20 MHz buffer to 5 MHz buffer is very small (less than 1%).
[bookmark: _Toc118727234]Resource allocation Type 0 for PDSCH (Feature 5-1 defined in TR 38.822), which allows for non-contiguous allocation, is mandatory without capability signalling for non-eRedCap UEs.
[bookmark: _Toc118727246]For UE BB bandwidth reduction, a UE can be expected to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz.
[bookmark: _Toc118727247]For UE BB bandwidth reduction, restrict the scheduling of unicast PDSCH to be within ~5 MHz in terms of number of PRBs.

2.2.3	SIB1 and OSI bandwidth
For broadcast SIB1 and broadcast OSI, the following agreements have been made [2]:
	Agreement:
[…]
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”

Agreement:
[…]
For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)




Based on the above agreements, broadcast SIB1 and OSI can be scheduled with a bandwidth larger than 5 MHz. However, the assumption (if any) on post-FFT buffer at the UE for SIB1 reception is still FFS. 
[bookmark: _Hlk118432386]If scheduled with a bandwidth larger than 5 MHz, the eRedCap UE can either receive and buffer the full SIB1/OSI bandwidth and then process 5-MHz chunks per slot or can puncture and receive only a single 5-MHz chunk of the full SIB1/OSI bandwidth. In the latter case, only 5 MHz buffer is needed (after PDCCH decoding) but the UE may need to do soft combining of multiple SIB1 transmissions to compensate for the link performance loss caused due to puncturing. In the former case, 20 MHz buffer is needed but the UE may not need to rely on soft combining as SIB1 is not punctured. In our view, it can be left to UE implementation which strategy — the former or the latter — an eRedCap UE uses to process a SIB1 scheduled with a bandwidth larger than 5 MHz. That is, RAN1 does not need to make any explicit assumption on the post-FFT buffer size at the UE.
For the latter case described above, SI acquisition requirements in RAN4 may need to be revisited. For the former case, although it can take multiple slots to complete processing of the full SIB1, there is no need for specifying additional processing timeline relaxation in RAN1 as there are no tight timing requirements related to SIB1 processing to our understanding. Also, note that the post-FFT buffer must be 20 MHz at least until PDCCH is decoded for both cases. 
[bookmark: _Toc118727235]Assuming same-slot scheduling, an eRedCap UE must buffer up to 20 MHz bandwidth for both unicast and broadcast PDSCH at least until PDCCH is decoded. 
[bookmark: _Toc118727248]For UE BB bandwidth reduction, RAN1 does not assume that the UE post-FFT buffer size is smaller than 20 MHz.

2.2.4	Paging bandwidth
For Paging (PDSCH), the following agreement has been made:
	Agreement:
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous




Based on TS 38.331, a maximum of 32 paging records (UE IDs) can be multiplexed in a paging message (PDSCH). The number of paging records that the NW would multiplex in a paging message depends on the load, TDD setup, and paging configuration. Assuming ~22 paging records are multiplexed in a Paging message, the corresponding TBS would be ~1200 bits, which is similar to that of SIB1 assumed during the Rel-18 RedCap SI phase [3]. Additionally, based on TS 38.214, a UE is not expected to decode a PDSCH scheduled with P-RNTI and modulation order Qm > 2. That is, the maximum code rate with which paging can be scheduled is 0.66. However, it is likely that the NW schedules Paging with cell-edge code rate, for e.g., code rate of 0.12 corresponding to MCS0. Based on these considerations for TBS and MCS, ~48 PRBs may be used to schedule Paging, which is much more than what an eRedCap UEs can process per slot.
For eRedCap UEs, based on the agreement copied above, one of following options can be considered:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· For this option, the NW needs to either transmit paging specifically to eRedCap UEs (e.g., using a separate paging CSS than Type2-PDCCH CSS, or using a separate P-RNTI), or the NW needs to restrict the scheduling of paging for all types of UEs to be within 5 MHz. None of these solutions may be attractive from NW overhead point-of-view.
· If the NW restricts paging to be within 5 MHz for all UEs, fewer paging records can be multiplexed within a paging message. So, the paging records must be sent in multiple paging messages in multiple POs. Since paging messages are beam-swept, i.e., repeated in multiple beams throughout the cell/tracking area/RAN notification area, the additional overhead resulting from using multiple paging messages could be significant (compared to when using a single paging message). 
· Using a separate paging CSS or P-RNTI may also lead to similar NW overhead impacts and, additionally, specification impacts. 

· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· For this option, the NW does not need to always restrict the scheduling of paging to handle eRedCap UEs in the cell.
· Like for SIB1/OSI, if scheduled bandwidth for paging is larger than 5 MHz, the eRedCap UE can either receive and buffer the full paging bandwidth and then process 5-MHz chunks per slot, or the UE can puncture and receive only a 5-MHz chunk of the full Paging bandwidth. 
· The increased time to process the paging message, as in the former solution above, is not expected to be an issue, like for SIB1/OSI. 
· The link performance loss due to puncturing of the larger messages, as in the latter solution, would be comparable to that of SIB1 as captured in TR 38.865 Clause 8.4 (assuming their TBSs are similar). However, unlike for SIB1, soft combining cannot be applied to paging transmissions to compensate for the link performance loss.
· If the paging channel bandwidth is (much) larger than 5 MHz and the eRedCap UE is unable to decode it correctly, there wouldn’t be an issue as long as there is no paging record of the UE in the paging message. If there was indeed a paging record for the UE, the NW may escalate the paging to the entire tracking area or RAN notification area, leading to additional NW overhead. An even worse scenario would be that the eRedCap UE cannot be reached by paging from the NW at all.
· However, if there is core network signaling available to indicate eRedCap paging to the RAN (i.e., a new eRedCap indication in the UE radio paging capability, which seems likely to be introduced in RAN2), the gNB(s) can send the paging messages on Uu interface in the POs based on the bandwidth capability of the eRedCap UEs. That is, based on the indication from the core network, the gNB can restrict the scheduling of paging to be within 5 MHz if it contains a paging record for a Rel-18 RedCap UE (or if there has not been a response from a eRedCap UE after previous paging attempts in a > 5 MHz BW, as above). In other cases, paging can still be scheduled with a larger bandwidth. Here, the scheduling restriction of paging is up to NW implementation (i.e., blanket scheduling restriction of paging for all UEs can be avoided). Also, additional RAN1 specification impacts to handle paging can be avoided.

Based on the above discussion, in our view, Option 2 would be the reasonable choice for scheduling of the paging channel.
With regards to the FFS “whether 5-MHz is assumed to be physically contiguous”, as per TS 38.214, only resource allocation type 1 (indicating start position and length) is applicable for DCI format 1_0, which are used to schedule broadcast PDSCH, including the paging channel. That is, physically contiguous resources are used for scheduling of paging channel.

[bookmark: _Toc118727236]Only resource allocation type 1 (indicating start position and length) is applicable for DCI format 1_0, which is used to schedule broadcast PDSCH, such as paging, SIB1, OSI, and RAR. 
[bookmark: _Toc118727249]For UE BB bandwidth reduction, for paging to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation).

2.2.5	RAR bandwidth
For RAR (PDSCH), the following agreement has been made:
	Agreement:
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous




The current NR specification allows PDSCH carrying RAR in Msg2 to be scheduled with a bandwidth larger than 5 MHz. The only restriction, as for paging, is that the modulation order Qm cannot be greater than 2. However, the scheduling might be restricted to use MCS0 to achieve sufficient coverage. If the PDSCH contains RAR for only one UE, bandwidth allocation is expected to be smaller than 5 MHz as the TBS would only be ~72 bits. However, if the RARs for many UEs are multiplexed in the same PDSCH, the TBS would be much larger, and consequently, the bandwidth allocation could be much larger than 5 MHz.
For eRedCap UEs, based on the agreement copied above, one of following options can be considered:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· For this option, if there is no separate early indication of eRedCap UEs in Msg1, RAR should be limited to be within 5 MHz for all UEs that use the same RACH resources. Therefore, only one or a few UEs can be multiplexed in the same PDSCH. This might increase the PDCCH overhead and potentially also the random access delay for all UEs. However, if separate Msg1 indication is used, PDSCH can be limited to 5 MHz for eRedCap UEs only.

· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· Similar to paging and SIB1, there are two possibilities for this option. The eRedCap UE can either receive and buffer the full RAR bandwidth and then process 5-MHz chunks per slot, or the UE can puncture and receive 5-MHz chunk of the full RAR bandwidth. 
· The latter solution above (i.e., puncturing) might lead to link performance loss, which might be difficult to compensate using existing techniques, such as TBS scaling. 
· The former solution (i.e., buffering the full bandwidth), unlike for paging and SIB1, might not be suitable for RAR if existing timing relations are followed. More specifically, the minimum time between the last symbol of a RAR PDSCH with an UL grant and the first symbol of a corresponding PUSCH transmission is equal to  msec, where  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [5]. If the UE takes multiple slots to complete processing of the PDSCH, this timing may need to be relaxed. Furthermore, if there is no separate Msg1 indication of eRedCap UEs, the NW may need to assume relaxed timing also for other types of UEs.

From NW point of view, Option 2 is clearly preferable over Option 1. So, the question is whether Option 2 is attractive enough from UE complexity reduction point of view. Considering that the sizes of Msg2 and Msg3 are relatively small, perhaps the currently specified UE processing timeline is generous enough for Option 2, but this may require some further discussion in RAN1.

[bookmark: _Toc118727250]For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, discuss whether to allow the scheduling of RAR to be larger than 5 MHz (as in legacy operation).

2.3	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 needs to discuss whether the 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 eRedCap UEs. However, having the possibility to configure separate early indication could be useful, e.g., in the following scenarios:
· 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. Alternatively, there could be an indication (e.g., in SI) to not allow eRedCap UEs from using RA-SDT. 
· 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 an eRedCap UE can handle. However, for this case, separate early indication in Msg3 would suffice.

[bookmark: _Toc118727251]Rel-18 RedCap UEs supporting BB bandwidth reduction can use the same early indication in Msg1/Msg3/MsgA as Rel-17 RedCap UEs.
[bookmark: _Toc118727252]Discuss whether to also support separate early indication in Msg1/Msg3/MsgA for Rel-18 RedCap UEs
3	UE peak data rate reduction
The peak data rate supported by an NR UE is calculated using the following expression from TS 38.306 [6]:
	[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 concerns relaxing the constraint vLayers·Qm·f ≥ 4 for 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. 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.
With the current constraint, based on the expression from TS 38.306 above, the peak data rate supported by a baseline Rel-17 RedCap UE should be at least 55 Mbps in DL and UL. Based on the Justification section in the WID, the target peak rate for a Rel-18 eRedCap UE is 10 Mbps.
For UE peak rate reduction, the following agreement has been in RAN1#110bis-e:
	Agreement:
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.




3.1	UE peak data rate reduction as an add-on to UE BB bandwidth reduction
Tables 3 to 6 show supported peak data rates for different relaxed constraint values and for different number of PRBs (as in options 1 to 4; c.f. Section 2.1) for an eRedCap UE when UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction.
[bookmark: _Ref118472439]Table 3: Peak data rate for an eRedCap UE for different relaxed constraint values and for number of PRBs corresponding to Option 1 (c.f. Section 2.1) when UE peak data rate reduction is an add-on to UE BB bandwidth reduction.
	vLayers·Qm·f(X)
	15 kHz
(28 PRBs)
	30 kHz(14 PRBs)

	4
(Current value)
	DL: 15.0 Mbps
UL: 16.0 Mbps
	DL: 15.0 Mbps
UL: 16.0 Mbps

	3
	DL: 11.2 Mbps
UL: 12.0 Mbps
	DL: 11.2 Mbps
UL: 12.0 Mbps

	2.7
	DL: 10.1 Mbps
UL: 10.8 Mbps
	DL: 10.1 Mbps
UL: 10.8 Mbps

	2.6
	DL: 9.7 Mbps
UL: 10.4 Mbps
	DL: 9.7 Mbps
UL: 10.4 Mbps

	2
	DL: 7.5 Mbps
UL: 8.0 Mbps
	DL: 7.5 Mbps
UL: 8.0 Mbps



Table 4: Peak data rate for an eRedCap UE for different relaxed constraint values and for number of PRBs corresponding to Option 2 (c.f. Section 2.1) when UE peak data rate reduction is an add-on to UE BB bandwidth reduction.
	vLayers·Qm·f
(X)
	15 kHz
(27 PRBs)
	30 kHz
(13 PRBs)

	4
(Current value)
	DL: 14.4 Mbps
UL: 15.5 Mbps
	DL: 13.9 Mbps
UL: 14.9 Mbps

	3
	DL: 10.8 Mbps
UL: 11.6 Mbps
	DL: 10.4 Mbps
UL: 11.2 Mbps

	2.9
	DL: 10.5 Mbps
UL: 11.2 Mbps
	DL: 10.1 Mbps
UL: 10.8 Mbps

	2.8
	DL: 10.1 Mbps
UL: 10.8 Mbps
	DL: 9.7 Mbps
UL: 10.4 Mbps

	2
	DL: 7.2 Mbps
UL: 7.7 Mbps
	DL: 7.0 Mbps
UL: 7.4 Mbps



Table 5: Peak data rate for an eRedCap UE for different relaxed constraint values and for number of PRBs corresponding to Option 3 (c.f. Section 2.1) when UE peak data rate reduction is an add-on to UE BB bandwidth reduction.
	vLayers·Qm·f
(X)
	15 kHz
(25 PRBs)
	30 kHz
(12 PRBs)

	4
(Current value)
	DL: 13.4 Mbps
UL: 14.3 Mbps
	DL: 12.8 Mbps
UL: 13.7 Mbps

	3.1
	DL: 10.4 Mbps
UL: 11.1 Mbps
	DL: 10.0 Mbps
UL: 10.6 Mbps

	3
	DL: 10.0 Mbps
UL: 10.7 Mbps
	DL: 9.6 Mbps
UL: 10.3 Mbps

	2.9
	DL: 9.7 Mbps
UL: 10.4 Mbps
	DL: 9.3 Mbps
UL: 10.0 Mbps

	2
	DL: 6.7 Mbps
UL: 7.1 Mbps
	DL: 6.4 Mbps
UL: 6.9 Mbps



[bookmark: _Ref118472443]Table 6: Peak data rate for an eRedCap UE for different relaxed constraint values and for number of PRBs corresponding to Option 4 (c.f. Section 2.1) when UE peak data rate reduction is an add-on to UE BB bandwidth reduction.
	vLayers·Qm·f
(X)
	15 kHz
(25 PRBs)
	30 kHz
(11 PRBs)

	4
(Current value)
	DL: 13.4 Mbps
UL: 14.3 Mbps
	DL: 11.8 Mbps
UL: 12.6 Mbps

	3.4
	DL: 11.4 Mbps
UL: 12.2 Mbps
	DL: 10.0 Mbps
UL: 10.7 Mbps

	3.3
	DL: 11.0 Mbps
UL: 11.8 Mbps
	DL: 9.7 Mbps
UL: 10.4 Mbps

	3
	DL: 10.0 Mbps
UL: 10.7 Mbps
	DL: 8.8 Mbps
UL: 9.4 Mbps

	2
	DL: 6.7 Mbps
UL: 7.2 Mbps
	DL: 5.9 Mbps
UL: 6.3 Mbps



From Tables 3 to 6, it can be observed that the minimum value of ‘X’ that satisfies the 10 Mbps peak rate requirement are:
· X = 2.7 for Option 1 (28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS)
· X = 2.9 for Option 2 (27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS)
· X = 3.1 for Option 3 (25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS)
· X = 3.4 for Option 4 (25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS)

[bookmark: _Toc118727237]When UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, the constraint vLayers·Qm·f ≥ 4 can be relaxed to the following values:
· [bookmark: _Toc118727238]vLayers·Qm·f ≥ 2.7 for Option 1 (28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS)
· [bookmark: _Toc118727239]vLayers·Qm·f ≥ 2.9 for Option 2 (27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS)
· [bookmark: _Toc118727240]vLayers·Qm·f ≥ 3.1 for Option 3 (25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS)
· [bookmark: _Toc118727241]vLayers·Qm·f ≥ 3.4 for Option 4 (25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS)
[bookmark: _Toc118727253]For UE peak data rate reduction supported as an add-on to UE BB bandwidth reduction and the constraint vLayers·Qm·f ≥ 4 relaxed to vLayers·Qm·f ≥ X,
· [bookmark: _Toc118727254]Postpone the discussion on the value of ‘X’ until after agreeing on the maximum number of PRBs that a Rel-18 RedCap UE can transmit/process per slot.

3.2	UE peak data rate reduction as a standalone feature
It has been noted in the agreement from RAN1#110bis-e [2] that whether UE peak data rate reduction is supported as a standalone feature will be decided in RAN plenary. Therefore, no further discussion in RAN1 is necessary until RAN plenary decides on this whether this option is supported or not.
[bookmark: _Toc118727255]Postpone the discussion on UE peak data rate reduction as a standalone feature in RAN1 until RAN plenary decides on whether this option is supported or not. 

4	Conclusion
In the previous sections, we made the following observations: 
Observation 1	There is a gain of 4.1 dB with 1 transmission and a gain of 1.6 dB with 4 transmissions from using 14 PRBs instead of 11 PRBs for reception of a 48-PRB SIB1.
Observation 2	Additional cost saving by reducing post-FFT buffer from 20 MHz buffer to 5 MHz buffer is very small (less than 1%).
Observation 3	Resource allocation Type 0 for PDSCH (Feature 5-1 defined in TR 38.822), which allows for non-contiguous allocation, is mandatory without capability signalling for non-eRedCap UEs.
Observation 4	Assuming same-slot scheduling, an eRedCap UE must buffer up to 20 MHz bandwidth for both unicast and broadcast PDSCH at least until PDCCH is decoded.
Observation 5	Only resource allocation type 1 (indicating start position and length) is applicable for DCI format 1_0, which is used to schedule broadcast PDSCH, such as paging, SIB1, OSI, and RAR.
Observation 6	When UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, the constraint vLayers·Qm·f ≥ 4 can be relaxed to the following values:
 vLayers·Qm·f ≥ 2.7 for Option 1 (28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS)
 vLayers·Qm·f ≥ 2.9 for Option 2 (27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS)
 vLayers·Qm·f ≥ 3.1 for Option 3 (25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS)
 vLayers·Qm·f ≥ 3.4 for Option 4 (25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS)

Based on the discussion in the previous sections we propose the following:

Proposal 1	For UE BB bandwidth reduction, for PUSCH, the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable, is 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS.
Proposal 2	For UE BB bandwidth reduction, for both unicast and broadcast PDSCH, the maximum number of PRBs that the UE can process per slot is 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS.
Proposal 3	For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Proposal 4	For UE BB bandwidth reduction, a UE can be expected to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz.
Proposal 5	For UE BB bandwidth reduction, restrict the scheduling of unicast PDSCH to be within ~5 MHz in terms of number of PRBs.
Proposal 6	For UE BB bandwidth reduction, RAN1 does not assume that the UE post-FFT buffer size is smaller than 20 MHz.
Proposal 7	For UE BB bandwidth reduction, for paging to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation).
Proposal 8	For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, discuss whether to allow the scheduling of RAR to be larger than 5 MHz (as in legacy operation).
Proposal 9	Rel-18 RedCap UEs supporting BB bandwidth reduction can use the same early indication in Msg1/Msg3/MsgA as Rel-17 RedCap UEs.
Proposal 10	Discuss whether to also support separate early indication in Msg1/Msg3/MsgA for Rel-18 RedCap UEs
Proposal 11	For UE peak data rate reduction supported as an add-on to UE BB bandwidth reduction and the constraint vLayers·Qm·f ≥ 4 relaxed to vLayers·Qm·f ≥ X,
· Postpone the discussion on the value of ‘X’ until after agreeing on the maximum number of PRBs that a Rel-18 RedCap UE can transmit/process per slot.
Proposal 12	Postpone the discussion on UE peak data rate reduction as a standalone feature in RAN1 until RAN plenary decides on whether this option is supported or not.
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