3GPP TSG RAN WG1 #111	R1-2211875 
Toulouse, November 14th – 18th, 2022

Agenda item:	9.6.1
Source:	NEC
Title: 	Discussion on Rel-18 RedCap UE
Document for:	Discussion and Decision
Introduction
In RAN#97e, a new Rel-18 work item on eRedCap has been approved in [1]. Objective of RAN1 part is described as follows:
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.
Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)

In RAN1#110-bis-e, the following agreements were made.
Initial BWP

Agreement:
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs


Number of PRBs

Agreement:
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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.


SIB1 bandwidth

Agreement:
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
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”


OSI bandwidth

Agreement:
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
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)
 

Paging bandwidth

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


RAR bandwidth

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
 

PUSCH bandwidth

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.

In this contribution, we provide our view on Rel-18 RedCap UE.
Discussion
Maximum number of PRBs
The following agreements were made in RAN1#110-bis-e.
Agreement:
Replace the agreement on the maximum number of PRBs supported by UE with the following:
[bookmark: _Int_3UYzOC3k]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.

Option 1, option 2:
Both option 1 and option 2 meet the objective of 5 MHz BB bandwidth. Option 1 is the minimum number of PRBs more than 5 MHz and option 2 is the maximum number of PRBs no more than 5 MHz. As guardband is not required within 5MHz BB bandwidth, it would be reasonable to utilize 5 MHz bandwidth fully. Maximum data rate of option 1 and option 2 is slightly higher than option 3 and option 4.
Observation:
· Option 1 and 2 has maximum BB bandwidth closest to 5MHz bandwidth of the WID
Option 3, Option 4:
Option 4 is based on “maximum transmission bandwidth configuration” for 5 MHz UE channel bandwidth [2]. “Maximum transmission bandwidth configuration” for 5 MHz UE channel bandwidth is 25 PRB for 15 kHz SCS and 11 PRB for 30 kHz SCS, or 4.5 MHz and 3.96 MHz, which are much narrower than 5 MHz BB BW due to the existence of minimum guardband on both sides of the transmission bandwidth within UE channel bandwidth.
Observation:
· BB bandwidth of option 4 based on “maximum transmission bandwidth configuration” for 5 MHz UE channel bandwidth is 10% or 20% narrower than “5 MHz BB bandwidth” of the WID, more specifically, 4.5 MHz for 15 kHz SCS and 3.96 MHz for 30 kHz SCS
Option 4 would be suitable for 5 MHz RF bandwidth, and RF requirments for 5MHz UE channel bandwidth could be reused. However, Rel-18 RedCap UE has 20 MHz RF bandwidth. Though it is up to RAN4, 20 MHz channel bandwidth rather than 5 MHz could possibly be applied for Rel-18 RedCap UE RF requirements.
Observation:
· Though it is up to RAN4, for Rel-18 RedCap UE RF requirements, “maximum transmission bandwidth configuration” for 20 MHz UE channel bandwidth instead of 5 MHz could be applied for Rel-18 RedCap UE.
Similar to option 4, option 3 is basically based on “maximum transmission bandwidth configuration” for 5 MHz UE channel bandwidth, but not exactly the same. Maximum number of PRBs for 30 kHz SCS is not identical to “maximum transmission bandwidth configuration” but increased by 1 PRB for flexibility of resource allocation for DFT-s-OFDM in UL. If a motivation of option 3 and 4 is to reuse RAN4 specifications, option 3 would be less attractive than option 4 as it is not identical to RAN4 specifications, RAN4 requirements could not be reused for option 3. And if the motivation of option 3 or 4 is to meet the minimum data rate requirement, it would not be necessary to increase PRB for 30 kHz from 11 to 12.
According to the discussion above, we would like make proposal as follows:
Proposal:
· Adopt Option 1 or 2 which meet 5MHz BB bandwidth of the WID

Post-FFT data buffering
Firstly it would not be appropriate to discuss implementation details. It should be up to each vendor. 3GPP has carefully avoided restricting implementation matter during its long history.
Secondary, the study has shown difference between PR3 and BW3 in terms of complexity reduction gain is marginal. It suggests complexity reduction gain by post FFT data buffer reduction is marginal. Anyway, it would be difficult to conclude post-FFT data buffer reduction would be a main contributor for further complexity reduction of RedCap UE.
Observation:
· Study shows complexity reduction gain by post FFT data buffer reduction is marginal
On the other hand, post-FFT data buffer reduction has much impact on network implementation, flexibility and efficiency and even UE implementation. For example, separate paging may have impact on higher layers and cell overhead. Separate RAR may require separate early indication which may lead to further split of early indication by Msg1 or new scheme. Semi-static resource indication was proposed for post-FFT data buffer reduction which may have impact on scheduling flexibility. Gain of complexity reduction is marginal while cost on the network could be high.
Observation:
· Complexity reduction gain by post-FFT buffer reduction would not be worth its impact on standardization effort and network implementation and efficiency
Optimization for post FFT data buffer reduction would not be justified for further complexity reduction, in our opinion.
Proposal:
· It is suggested RAN1 stops further discussion on post-FFT data buffer reduction
Regarding RAN guidance, BW3 was recommended and captured by WID. Explicit difference between BW3 and PR3 is bandwidth or number of PRBs for bandwidth reduction to 5 MHz. Both options do not explicitly define implementation details including post-FFT buffering. And RAN plenary would not be a place to decide implementation details. Therefore, in our understanding, RAN guidance is just BW vs. PRBs but not intended for post-FFT buffer reduction. To respect RAN guidance, we are fine that resource allocation in frequency domain is restricted up to contiguous 5 MHz bandwidth for PDSCH (unicast, FFS RAR, paging) and PUSCH (FFS Msg3).
Proposal:
· To respect RAN guidance, resource allocation in frequency domain is restricted up to contiguous 5 MHz bandwidth for PDSCH (unicast, FFS RAR, paging) and PUSCH (FFS Msg3)

Paging bandwidth
RAN1 agreement in RAN1#110-bis-e is as follows:
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

Assuming implementation of post-FFT data buffering is not mandated to reduce to 5 MHz bandwidth, it would be possible Rel-18 RedCap receives paging larger than 5 MHz by implementation, though it might take more time to decode paging PDSCH. It is beneficial to allow the scheduling of paging to be larger than 5MHz as in legacy operation from view point of avoiding impact on higher layers including CORE nodes and resource overhead.
Proposal:
· For Rel-18 RedCap UE, take option 2 and allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation) 

RAR bandwidth
RAN1 agreement in RAN1#110-bis-e is as follows:
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
 
Similar to paging, it would be possible to receive RAR larger than 5MHz but it would take more time to decode RAR PDSCH than non-RedCap/Rel-17 RedCap UE. It would not be obvious Rel-18 RedCap UE could meet the existing timeline. If it would not be feasible, it may be needed to take option 1 or to define a new timeline of RAR decoding for Rel-18 RedCap.
Proposal:
· For option 2, it should be FFS whether Rel-18 RedCap UE could decode RAR PDSCH scheduled with larger than 5 MHz bandwidth within existing timeline. If not feasible, either to take option 1 to restrict scheduling RAR PDSCH within 5MHz bandwidth or to define a new timeline of RAR, together with a separate early indication of Rel-18 RedCap by Random Access Preamble.

SIB acquisition
RAN1 agreements on SIB in RAN1#110-bis-e are as follows:
Agreement:
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
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:
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
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)

For Rel-18 RedCap UE, scheduling of SIB1 PDSCH and broadcast OSI PDSCH is allowed to be larger than 5 MHz as in legacy operation. Rel-18 RedCap UE has to handle DCI scheduling SIB1 on type 0 PDCCH CSS set and OSI on type 0A PDCCH CSS set which includes resource allocation larger than 5 MHz.
Proposal:
· Rel-18 RedCap UE would be at least required not to discard DCI scheduling SIBx with resource allocation larger than 5 MHz on type-0 and type-0A PDCCH CSS sets

SA-PR1
Study has shown complexity reduction gain solely by SA-PR1 is marginal. Therefore, in our opinion, it is not motivated to define it as another type of further reduced capability device. Assuming SA-PR1 not a further reduced capability UE type but available, SA-PR1 would look like an optional capability for Rel-17 type of RedCap UE, which could be informed along with other capabilities. There would be no impact on initial access. However, as whether a RedCap UE with such capability could access a network would depend on whether the network could handle such a capability properly in connected, access control for such a UE would be required.
Observation:
· SA-PR1 would require dedicated access control regardless of whether or not SA-PR1 would introduce another type of Rel-18 RedCap
 Summary
In this contribution, we discuss about Rel-18 RedCap UE and made the following observations and proposals for each topic:

Maximum number of PRBs
Observation:
· Option 1 and 2 has maximum BB bandwidth closest to 5MHz bandwidth of the WID
Observation:
· BB bandwidth of option 4 based on “maximum transmission bandwidth configuration” for 5 MHz UE channel bandwidth is 10% or 20% narrower than “5 MHz BB bandwidth” of the WID, more specifically, 4.5 MHz for 15 kHz SCS and 3.96 MHz for 30 kHz SCS
Observation:
· Though it is up to RAN4, for Rel-18 RedCap UE RF requirements, “maximum transmission bandwidth configuration” for 20 MHz UE channel bandwidth instead of 5 MHz could be applied for Rel-18 RedCap UE.
Proposal:
· Adopt Option 1 or 2 which meet 5MHz BB bandwidth of the WID
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Post-FFT data buffering
Observation:
· Study shows complexity reduction gain by post FFT data buffer reduction is marginal
Observation:
· Complexity reduction gain by post-FFT buffer reduction would not be worth its impact on standardization effort and network implementation and efficiency
Proposal:
· It is suggested RAN1 stops further discussion on post-FFT data buffer reduction
Proposal:
· To respect RAN guidance, resource allocation in frequency domain is restricted up to contiguous 5 MHz bandwidth for PDSCH (unicast, FFS RAR, paging) and PUSCH (FFS Msg3)

Paging bandwidth
Proposal:
· For Rel-18 RedCap UE, take option 2 and allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation) 

RAR bandwidth
Proposal:
· For option 2, it should be FFS whether Rel-18 RedCap UE could decode RAR PDSCH scheduled with larger than 5 MHz bandwidth within existing timeline. If not feasible, either to take option 1 to restrict scheduling RAR PDSCH within 5MHz bandwidth or to define a new timeline of RAR, together with a separate early indication of Rel-18 RedCap by Random Access Preamble.

SIB acquisition
Proposal:
· Rel-18 RedCap UE would be at least required not to discard DCI scheduling SIBx with resource allocation larger than 5 MHz on type-0 and type-0A PDCCH CSS sets

SA-PR1
Observation:
· SA-PR1 would require dedicated access control regardless of whether or not SA-PR1 would introduce another type of Rel-18 RedCap
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