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1	Introduction
The discussion on enhanced support of reduced capability (eRedCap) devices WI (RP-223544) [1] has started in RAN2. The WID has the following objective on the introduction of early indication for UE baseband (BB) bandwidth reduction feature: 

	· 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]



RAN2 discussed early indication in Rel-17 within the context of RedCap devices in general, but there are a few remaining aspects that require further discussion in Rel-18 within the context of eRedCap devices. 
2	Early identification of eRedCap UEs
From RAN2 perspective, early eRedCap indication needs to be assessed either as separate early indication in Msg1 only, Msg3 only, or both Msg1 and Msg3. For Rel-17 RedCap UEs, support for early indication in Msg1 is via separate preambles and early indication in Msg3 is through dedicated LCID. Currently, Rel-18 eRedCap UEs with UE BB bandwidth reduction can share the early indication mechanisms with Rel-17 RedCap UEs. However, a discussion is needed regarding how separate early indication(s) specific to Rel-18 eRedCap UEs should be supported. 
For Rel-18 eRedCap UEs (with UE BB bandwidth reduction) the need for separate early indication in Msg1 can be motivated by the following reasons:
· If PDSCH carrying RAR messages for both Rel-17 RedCap and Rel-18 eRedCap UEs is larger than 5 MHz, there may be a problem if the Rel-18 eRedCap UEs are unable to handle the legacy minimum response time between RAR PDSCH and Msg3 PUSCH (c.f. Section 2.2.2 in [5]). If it is desired to apply timing relaxation for Rel-18 eRedCap UEs alone, i.e., if a common timing relaxation for both Rel-17 RedCap and Rel-18 eRedCap UEs is not desired, then a separate Msg1 indication for Rel-18 eRedCap UEs is needed.

· If different bandwidths are configured for RAR PDSCH, i.e., larger than 5 MHz for Rel-17 RedCap UEs and equal to or smaller than 5 MHz for Rel-18 eRedCap UEs (so that the legacy minimum time is followed), then separate Msg1 indication is needed.

· If Msg3 PUSCH is configured with a bandwidth larger than 5 MHz for Rel-17 RedCap UEs (e.g., for RA-SDT) and smaller than 5 MHz for Rel-18 eRedCap UEs, then separate Msg1 indication is needed. 
Note that if RAR PDSCH and Msg3 PUSCH are scheduled within 5 MHz for both Rel-17 RedCap and Rel-18 eRedCap UEs, there is no need to apply timing relaxation specific for Rel-18 eRedCap UEs, and hence there is no need for a separate early indication in Msg1. However, NR specification allows PDSCH carrying RAR to be scheduled with a bandwidth up to 17.2 MHz, i.e., larger than 5 MHz. The 17.2 MHz corresponds to the maximum CORESET#0 bandwidth in FR1. If the PDSCH carrying RAR is dedicated to only one UE, the RAR bandwidth is expected to be smaller than 5 MHz as the TBS would be rather small (e.g., 72 bits), but if the RARs for many UEs are multiplexed in the same PDSCH, the TBS would be larger, and as a result, the required PDSCH bandwidth would be larger than 5 MHz.
RAN1 has already made the following agreement (R1-2212982) [3] regarding RAR bandwidth and RAR-Msg3 timing for Rel-18 eRedCap UEs:
	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



The above agreements from RAN1 capture the early indication for two main scenarios:
1. [bookmark: _Hlk127445624]The first bullet concerns the case when scheduled RAR PDSCH bandwidth is smaller than 5 MHz, and in this case Rel-18 eRedCap UE has no problem to receive RAR and transmit Msg3 on time i.e., timing relaxation is not required.

2. The second bullet concerns the case when scheduled RAR PDSCH bandwidth is larger than 5 MHz, and in this case Rel-18 eRedCap UE may find it challenging to process RAR and transmit Msg3 on time. Therefore, RAN1 is considering a potential timing relaxation (X>0) for this case. And if the scheduled RAR bandwidth and timing (TDRA) are too challenging for the UE, UE behavior is up to the UE implementation according to the above agreement.
Based on the arguments above, if we use the same Msg1 indication for both Rel-17 RedCap and Rel-18 eRedCap, then gNB will have to treat Rel-17 RedCap UEs and Rel-18 eRedCap UEs in the same way when scheduling RAR PDSCH and Msg3 PUSCH. This will lead to additional restriction on scheduling UEs for the following reasons:
1. If a gNB supporting both Rel-17 RedCap and Rel-18 eRedCap UEs schedules the RAR PDSCH bandwidth within 5 MHz, then it will be possible to schedule very few (perhaps only a single) RAR messages at a time to a RedCap UE. This is worse than the current situation in Rel-17 RedCap, where up to 20 MHz can be used (with or without TBS scaling for coverage).

2. If a gNB supporting both Rel-17 RedCap and Rel-18 eRedCap UEs schedules the RAR PDSCH bandwidth wider than 5 MHz, then the Rel-18 eRedCap UEs may not be able to receive it and transmit Msg3 on time unless timing is relaxed, but without a separate early indication for Rel-18 eRedCap UEs, it would mean that the timing relaxation (X>0) applies for Rel-17 RedCap UEs as well.
Based on the above considerations, we see the need to introduce additional separate early indications in Msg1 and Msg3 dedicated for eRedCap UEs. 

[bookmark: _Toc118727252][bookmark: _Toc127496095]To support UE BB bandwidth reduction for eRedCap UEs, introduce additional separate early indications in Msg1 of 4-step RACH.

Furthermore, a separate early indication in Msg3 is useful when separate Msg1 indication is not configured (e.g., to minimize PRACH fragmentation), and Msg4 and Msg5 are scheduled with larger than 5 MHz for Rel-17 RedCap UEs transitioning from RRC Idle state. Note that it is not allowed to schedule Msg3, Msg4, and Msg5 with larger than 5 MHz for Rel-18 eRedCap UEs. Therefore, to avoid having to treat Rel-17 RedCap UEs in the same way as Rel-18 eRedCap UEs, we propose to introduce separate early indication in Msg3 for 4-step RACH. 

[bookmark: _Toc127496096][bookmark: _Hlk127446992]To support UE BB bandwidth reduction for eRedCap UEs, introduce additional separate early indications in Msg3 of 4-step RACH.

Based on the above discussion, in our view, additional separate early indications in Msg1 and Msg3 of 4-step RACH should be supported. Due to similar reasons, separate early indication in MsgA PRACH and MsgA PUSCH of 2-step RACH should also be supported.

[bookmark: _Toc127496097]To support UE BB bandwidth reduction for eRedCap UEs, introduce additional separate early indications in MsgA PRACH and MsgA PUSCH of 2-step RACH.

3	Conclusion
Based on the discussion in the section above, we propose the following: 

Proposal 1	To support UE BB bandwidth reduction for eRedCap UEs, introduce additional separate early indications in Msg1 of 4-step RACH.
Proposal 2	To support UE BB bandwidth reduction for eRedCap UEs, introduce additional separate early indications in Msg3 of 4-step RACH.
Proposal 3	To support UE BB bandwidth reduction for eRedCap UEs, introduce additional separate early indications in MsgA PRACH and MsgA PUSCH of 2-step RACH.
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