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1 Introduction

In RAN#98e meeting, a revised WID on enhanced support of RedCap UEs [1] has been approved. In the WID, one of the objectives is to further reduce UE complexity and cost, as following.
	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.

· Support additional separate early indication(s) [RAN1, RAN2]

· 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.


In this contribution, we discuss early indication for R18 RedCap UEs with BB bandwidth reduction and present our views.
2 Discussion 
RedCap UEs need to be identified in order to ensure that the network can provide services properly in the cell, e.g., to schedule messages and to possibly restrict the UE's access to the network. In R17 RedCap, both Msg1-based and Msg3-based early indications can be supported for RedCap UEs. For Msg1-based early indication, RedCap specific RO/preamble may be configured by the network. For Msg3-based early indication, a RedCap UE is identified by the dedicated LCID(s) indicated for CCCH identification (CCCH or CCCH1). Msg1-based indication is optional, depending on whether RedCap specific RO/preamble is configured by the network. Msg3-based indication is always used regardless of whether Msg1-based early indication is configured. 
In R18, BB bandwidth reduction for RedCap UEs was discussed in the last RAN1 meetings, with the following agreements made.

Agreements in RAN1#110bis-e:

	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 

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
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)

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.


Agreements in RAN1#111:

	Agreement

From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation).
Agreement 

For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Agreement

For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.

· FFS: value(s) of X

· Otherwise, the UE behavior is up to the UE implementation.

· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH
Agreement

For UE BB complexity reduction, a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.

The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e


Based on RAN1 agreements, for UE BB bandwidth reduction, the scheduling bandwidth of broadcast/unicast PDSCH is allowed to be larger than 5 MHz, but the UE is not expected to be scheduled with PUSCH resource allocation spanning a bandwidth larger than 5 MHz. In order to enable network to properly schedule RedCap UE based on UE BB bandwidth capability, e.g. for Msg3 PUSCH scheduling during initial access, early indication for RedCap UE with BB bandwidth reduction is needed. 
Similar as early indication for Rel-17 RedCap UE, for Rel-18 RedCap UE with BB bandwidth reduction, Msg1-based and Msg3-based early indication can be considered. For both solutions, network could schedule a RedCap UE with proper bandwidth for Msg5 PUSCH and PUSCH after Msg5. Compared to Msg3-based early indication, Msg1-based solution can be further helpful for network to schedule Msg3, ensuring Msg3 PUSCH resource allocation spanning a bandwidth no larger than the maximum BB bandwidth that can be supported by the UE. Otherwise, it should be up to network’s implementation to avoid Msg3’s scheduling issue, e.g. for a cell allowing Rel-18 RedCap UEs to access, network may have to schedule Msg3 PUSCH with a bandwidth no larger than 5MHz, even for normal UEs. However, Msg1 based solution requires separate RO/preamble for Rel-18 RedCap UEs with BB bandwidth reduction, which may not always be available or affordable for network. Similarly as Rel-17 RedCap, it should be up to RAN1 to decide whether to support Msg1 based solution or not. From RAN2’s perspective, we can focus on Msg3-based solution. In our view, Msg3-based solution is needed at least in case when Msg1 indication is not configured, e.g. if operators do not want further PRACH fragmentation. More specifically, for Msg3-based early indication, dedicated LCID(s) indicated for CCCH and CCCH1 can be used, which would not result in large specification impact or larger Msg3 size. Due to this light UE impact, even if Msg1-based indication is not configured by the network, there is no harm to indicate again via Msg3. Therefore, we prefer to follow the Rel-17’s approach and make Msg3-based indication as mandatory feature for Rel-18 RedCap UEs.
Proposal 1 It is up to RAN1 to decide whether to support Msg1-based early indication for Rel-18 RedCap UEs with BB bandwidth reduction.
Observation 1 Msg3-based solution is needed at least in case when Msg1 indication is not configured e.g. if operators do not want further PRACH fragmentation.

Observation 2 Msg3-based early indication based on dedicated LCID(s) indicated for CCCH and CCCH1 would not result in large specification impact or larger Msg3 size.
Proposal 2 For Rel-18 RedCap UEs with BB bandwidth reduction, Msg3-based early indication based on LCID is supported.
3 Conclusion
Based on the discussion we make the following observation:

Observation 3 Msg3-based solution is needed at least in case when Msg1 indication is not configured e.g. if operators do not want further PRACH fragmentation.

Observation 4 Msg3-based early indication based on dedicated LCID(s) indicated for CCCH and CCCH1 would not result in large specification impact or larger Msg3 size.
And we give the following proposals:
Proposal 1 It is up to RAN1 to decide whether to support Msg1-based early indication for Rel-18 RedCap UEs with BB bandwidth reduction.
Proposal 2 For Rel-18 RedCap UEs with BB bandwidth reduction, Msg3-based early indication based on LCID is supported.
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