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1 Introduction
The WID for eRedCap in Release-18 [1] includes the following objectives for UE complexity reduction:
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.)

The WID includes the following target in the justification section:
Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. 

Complexity reduction for eRedCap was discussed in RAN1#110bis_e. The list of agreements for Rel-18 eRedCap is captured in [2]. This document considers some FFS points remaining from the previous meeting and considers issues related to early indication.
2 Bandwidth Reduction
2.1 Remaining issues on RAN1#110bis-e agreements

This section considers remaining issues related to the following agreements that were made in RAN1#110bis_e [2]:

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.

The goal of eRedCap is to achieve a maximum data rate of 10Mbps in both DL and UL. This is readily achievable within 25 PRBs at 15kHz / 11 PRBs at 30kHz SCS. Indeed, assuming the vLayers·Qm·f  = 4 criterion, data rates of 13.83Mbps in the DL and 14.31Mbps in the UL can be achieved at 15kHz SCS. Increasing the numbers of PRBs supported (towards 28 PRBs for 15kHz SCS for option 1) would work against achieving the 10Mbps max DL / UL data rates. 
Supporting a marginally wider bandwidth (28 PRBs vs 25 PRBs) and adjusting the vLayers·Qm·f  criterion to achieve the 10Mbps DL/UL target data rates would slightly increase the frequency diversity, but we think that this is insignificant.
In order to minimise specification changes, our preference is to support option 3 or option 4 in eRedCap.
Proposal 1: For UE BB bandwidth reduction, for PUSCH and PDSCH (at least for unicast), the following option for the maximum number of PRBs that the UE can process per slot is selected:
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS


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”

Our assumption is that the UE’s post-FFT buffer would be limited to 5MHz and the UE would combine SIB1 versions transmitted across multiple repetitions in order to fully decode SIB1. Combining of SIB1 across multiple repetitions is unlikely to have RAN1 specification impact and can be supported by implementation. We also assume that it would be undesirable for the UE to sacrifice performance by only receiving a 5MHz portion of a wider bandwidth SIB1. Our view is that supporting a 5MHz post-FFT buffer would significantly reduce UE complexity in comparison to a UE with a 20MHz post-FFT buffer. 
Proposal 2: RAN1 assumes that the UE post-FFT buffer may have a 5MHz bandwidth.

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

While the paging channel (PDSCH) can be transmitted to multiple UEs (there can be multiple paging records within a single PDSCH), in contrast to SIB1, the paging channel is not re-transmitted identically across multiple repetitions. Hence, the UE is unable to combine the paging channel across multiple instances of that channel. It is assumed that it is unacceptable for the UE to only receive a 5MHz portion of a paging channel (PDSCH) with a wider bandwidth as this might lead to a significant performance impact.

Hence, we think that it should be assumed that the paging channel should not be scheduled in a wider bandwidth than 5MHz. Our assumption is that the UE has a 5MHz post-FFT buffer. Hence, the 5MHz occupied by the paging channel (PDSCH) should be contiguous.

Proposal 3: For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, the following option is selected:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· The 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
 
Issues related to RAR are similar to the issues for the paging channel (PDSCH). We think that whatever decision is made regarding scheduling bandwidth of the paging channel (PDSCH), the same decision is made for the RAR.
Proposal 4: The assumption on scheduling bandwidth for RAR (PDSCH) is the same as for paging channel (PDSCH).
Proposal 5: For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the following option is selected:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· The 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.

For the initial access procedure, we think that the data rate of the PUSCH will be low and there is little complexity saving to be obtained from restricting the UE bandwidth to be less than 5MHz. This is in contrast to the DCI-granted and CG PUSCH, where the PUSCH data rate, and hence UE complexity, are reduced by restricting the UE bandwidth to 5MHz.

Proposal 6: For UE BB bandwidth reduction, 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.


2.2 Cross-slot vs same-slot scheduling
For a UE that supports a post-FFT buffer size of 5MHz, complexity can be reduced and operation simplified if the UE does not need to support same-slot scheduling. The requirement to support same-slot scheduling for unicast PDSCH may mean that the UE would need to store 20MHz-worth of post-FFT buffer samples for some OFDM symbols. Fast PDCCH processing would be required to reduce the number of OFDM symbols over which this 20MHz-wide post-FFT buffering would be required. 
In order to reduce post-FFT buffering and to avoid the requirement for fast PDCCH processing, it is hence proposed that same-slot scheduling is not supported for unicast PDSCH. Unicast PDSCH can hence be scheduled either by cross-slot scheduling or semi-static signalling.
Proposal 7: For unicast PDSCH for a Rel-18 RedCap UE, cross-slot scheduling and semi-static allocation of a 5MHz bandwidth are supported.


3 Peak Rate Reduction
In RAN1#110bis_e, the following agreement was reached:
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.

In this section, we present our views on the values of X and Y applied to the above criterion, according to the RAN1#110bis-e agreement.
The DL and UL data rates that can be achieved for a 5MHz and 20MHz BB bandwidth are shown in Table 1 for some value of the vLayers·Qm·f criterion for both “standalone” and “add-on” modes.
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	Bandwidth
	vLayers·Qm·f
	DL data rate / Mbps
	UL data rate / Mbps

	5MHz (BW3)
	4
	13.38
	14.31

	20MHz (R17 RedCap)
	4
	56.73
	60.68

	5MHz (BW3 + PR1)
	1
	3.34
	3.58

	20MHz (PR1)
	1
	14.18
	15.17

	5 (BW3 + slight PR1)
	3
	10.04
	10.73

	20 (aggressive PR1)
	0.7
	9.92
	10.62Mbps




Add-on feature 
As shown Table 1, simply reducing the supported data rate from 20MHz to 5MHz does not yield the target max UL and DL data rates. It was hence agreed to support peak rate reduction as an add-on feature in RAN1#110bis-e. According to Table 1, allowing vLayers·Qm·f to take a value of 3 would lead to a max DL data rate of 10.04Mbps and a max UL data rate of 10.73Mbps.
Proposal 8. When UE peak data rate reduction is supported as an add-on feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 3.
· i.e. X = 3

Standalone feature 
For a 20MHz UE (standalone mode), relaxing the vLayers·Qm·f criterion to vLayers·Qm·f ≥ 1 yields a max DL data rate of 14.18Mbps and a max UL data rate of 15.17Mbps. These data rates are 50% higher than the target data rates according to the WID justification. A greater reduction in peak data rate can be achieved by relaxing the vLayers·Qm·f criterion to below 1. Table 1 shows that a criterion value of 0.7 achieves a peak data rate of 9.92Mbps in the DL and 10.62Mbps in the UL. It may not be possible to choose combinations of vLayers, Qm and f  that multiply to a value of 0.7, but is this a problem? The term ‘vLayers·Qm·f’ can surely be replaced by a single term ‘APR1’ and RAN1 can determine a value of APR1 that achieves the desired peak data rate.
Proposal 9. If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 0.7.
· i.e. Y = 0.7

4 Early Indication 
It has been left for further study whether or not/how a separate early indication can be supported for a Rel-18 RedCap UE type. The separate Rel 18 early indication is considered due to the restriction to 5 MHz. In Rel-17 early indication is supported by Msg1/MsgA or by Msg3. Adding early indication for more UE types by Msg 1 will give further fragmentation of the PRACH resources. The frequency hopping within the Rel-17 RedCap bandwidth of 20 MHz for Msg3 can be handled since the RF bandwidth for Rel-18 RedCap UE is still 20 MHz. For Msg4 it is more important to know the Rel-18 RedCap UE type due to the Msg4 larger TBS. Therefore it should be considered to refine the RedCap type by a Msg3 based early indication to know whether it is a Rel-17 or a Rel-18 RedCap UE.
Proposal 10: Consider the option to only support Msg 3 early indication of Rel-18 RedCap UEs, possibly in combination with a first Msg1 RedCap Rel-17 indication. 
5 Conclusion 
This document has considered complexity reduction for eRedCap. The following proposals are made:
Proposal 1: For UE BB bandwidth reduction, for PUSCH and PDSCH (at least for unicast), the following option for the maximum number of PRBs that the UE can process per slot is selected:
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

Proposal 2: RAN1 assumes that the UE post-FFT buffer may have a 5MHz bandwidth.

Proposal 3: For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, the following option is selected:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· The 5MHz is assumed to be physically contiguous
Proposal 4: The assumption on scheduling bandwidth for RAR (PDSCH) is the same as for paging channel (PDSCH).
Proposal 5: For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the following option is selected:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· The 5MHz is assumed to be physically contiguous

Proposal 6: For UE BB bandwidth reduction, 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.

Proposal 7: For unicast PDSCH for a Rel-18 RedCap UE, cross-slot scheduling and semi-static allocation of a 5MHz bandwidth are supported.

Proposal 8. When UE peak data rate reduction is supported as an add-on feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 3.
· i.e. X = 3

Proposal 9. If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ 0.7.
· i.e. Y = 0.7

Proposal 10: Consider the option to only support Msg 3 early indication of Rel-18 RedCap UEs, possibly in combination with a first Msg1 RedCap Rel-17 indication. 
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