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1. Introduction
A work item on further NR RedCap UE complexity reduction has been approved [1]. At RAN1#111 meeting, it was agreed that RAR PDSCH exceed the maximum number of unicast RBs that eRedCap UE can process per slot. In addition, the minimum time between RAR PDSCH reception and Msg.3 transmission was specified as NT,1 + NT,2 + 0.5 + X ms, and the value of X was as FFS as follows [2].
	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


RAN#98 plenary meeting further discussed on additional separate early indication(s) for Rel.18 eRedCap UE and UE peak rate reduction as a standalone feature. However, no consensus was reached, and this was left to next meeting [3]. In this paper, we provide our view about timeline of RAR PDSCH/Msg.3, separate early indication(s) and UE peak rate reduction.
2. Discussion
Additional separate early indication(s)
Whether or not to support Msg.1/Msg.3 early indication would be considered in terms of necessary to distinguish between Rel.17 RedCap UE and Rel.18 eRedCap UE when the network performs Msg.2/Msg.4 transmissions, and Msg.3 scheduling, and the impact on specifications/performance.
For Rel.17 RedCap UE, Msg.3 early indication is already supported and achieved by defining a dedicated LCID for UL CCCH. Similarly, Msg.3 early indication for Rel.18 eRedCap UE would be supported by introducing an eRedCap UE dedicated LCID and it has small impact on specifications. Furthermore, it is beneficial that network identifies eRedCap UE before Msg.4 transmissions, because Msg.4 contains RRC messages and may exceed the maximum RBs per slot of eRedCap UE. Separate Msg.3 early indication allows network to distinguish RedCap UE and eRedCap UE and transmit Msg.4 of appropriate size for eRedCap UE. 
For Rel.17 RedCap UE, Msg.1 early indication is supported optionally. If Rel.18 supports separate Msg.1 early indication, PRACH resource may be configured for eRedCap UE separately from RedCap UE, and it causes PRACH resource fragment. This has impact on specifications and performance. However, if separate Msg.1 early indication is not supported, the network is restricted to transmit Msg.2 (RAR) within 5 MHz even for legacy UEs. Separate Msg.1 early indication is beneficial to avoid such restriction. Furthermore, considering that the behavior of eRedCap UE receiving RAR PDSCH larger than 5 MHz is also agreed and it is up to the network whether to configure PRACH resource for eRedCap UE dedicated, separate Msg.1 early indication would be supported optionally for network flexibility.
Observation 1:	Separate Msg.3 early indication for eRedCap UE is beneficial for Msg.4 transmission and specification impact is small.
Observation 2:	Separate Msg.1 early indication for eRedCap UE is beneficial for Msg.2 transmission and network flexibility.
Proposal 1:	Support separate early indication(s). Msg.1 early indication is optional and Msg.3 early indication is mandatory.
Timeline of RAR and Msg.3
In above agreement, the minimum time between RAR PDSCH reception and Msg.3 transmission was specified as NT,1 + NT,2 + 0.5 + X ms. With reference to specification, NT,1 is time duration corresponding to a PDSCH processing time for UE processing capability 1 and NT,2 is time duration corresponding to a PUSCH preparation time for UE processing capability 1 [4]. Here, X corresponds to additional time duration when eRedCap UE receive the RAR PDSCH larger than 5 MHz. If 0 is allowed as the value of X, eRedCap UE may not be able to process the RAR PDSCH during the time duration, and it may require specifying additional UE behavior. Therefore, X should have at least the margin that eRedCap UE to process the RAR PDSCH.
Proposal 2:	The value of X is determined based on time that eRedCap UE processes RAR PDSCH, and X is larger than 0.
Additionally, it is also defined a minimum timeline between Msg.4 and HARQ-ACK feedback in the current specification [4]. If separate early indication is not supported, the network may transmit Msg.4 larger than 5 MHz, and the eRedCap UE may not be able to meet the timeline requirement for corresponding PUCCH transmission with the HARQ-ACK. In this case, the eRedCap UE may drop the PUCCH otherwise additional time duration may be considered for the eRedCap UE similar to the timeline of RAR and Msg,3.
Observation 3	If separate early indication is not supported, eRedCap UE may not be able to meet the timeline requirement between Msg.4 and corresponding HARQ-ACK.
UE peak rate reduction as a standalone feature
In the current discussion, eRedCap UE is featured by two aspects: UE BB bandwidth reduction and UE peak data rate reduction. For BB bandwidth reduction, eRedCap UE processing capability per slot is reduced to 5 MHz. As agreed in RAN1#111, the restriction of the UE processing capability leads that Rel.18 eRedCap UE has different PDSCH/PUSCH capability than Rel.17 RedCap UE. On the other hand, for peak data rate reduction, the supported peak data rate for Rel.18 eRedCap UE targets to 10 Mbps. In the current discussion, this would be achieved by relaxing of the constraint for peak data rate.
If peak data rate reduction can be supported as a standalone feature without BB bandwidth reduction, the network needs to support eRedCap UEs with different PDSCH/PUSCH capabilities. For example, the network may need to schedule PDSCH/PUSCH on different timelines or different resource allocation/numbers of PRBs, depending on whether the eRedCap UE has a BB bandwidth reduction feature. This leads to the complexity of network scheduling. Therefore, peak data rate reduction is supported as an add-on to UE BB bandwidth reduction.
Proposal 3:	Peak data rate reduction is supported as add-on for Rel.18 eRedCap UE with supporting UE BB bandwidth reduction.
3. Summary and proposal
In summary, the followings were observed and proposed:
Observation 1:	Separate Msg.3 early indication for eRedCap UE is beneficial for Msg.4 transmission and specification impact is small.
Observation 2:	Separate Msg.1 early indication for eRedCap UE is beneficial for Msg.2 transmission and network flexibility.
Proposal 1:	Support separate early indication(s). Msg.1 early indication is optional and Msg.3 early indication is mandatory.
Proposal 2:	The value of X is determined based on the time that eRedCap UE processes RAR PDSCH, and X is larger than 0.
Observation 3	If separate early indication is not supported, eRedCap UE may not be able to meet the timeline requirement between Msg.4 and corresponding HARQ-ACK.
Proposal 3:	Peak data rate reduction is supported as add-on for Rel.18 eRedCap UE with supporting UE BB bandwidth reduction.
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