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1. Introduction
In eRedCap WID [1], the following objectives on early indication are included:

	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.

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.



In this contribution, we will discuss the mechanism of introducing additional separate early indication(s) for Rel-18 eRedCap UE and provide our opinions about it.
2. Discussion

In Rel-17 RedCap, two early indication mechanisms are introduced for the network to differentiate non-RedCap UE and RedCap UE during the initial access procedure.
· Msg1/MsgA PRACH based mechanism: dedicated PRACH preamble or resource is allocated for Rel-17 RedCap UE. Msg1/MsgA PRACH early indication is enabled/disabled implicitly by the presence of the dedicated PRACH configuration for Msg1/MsgA PRACH early indication.  
· Msg3/MsgA PUSCH based mechanism: Rel-17 RedCap UE uses the dedicated LCIDs (i.e. LCID 35 and 36) for Msg3/MsgA PUSCH early indication when the Msg3/MsgA PUSCH includes the CCCH and CCCH1 data respectively. This mechanism is mandatory to be applied in both Rel-17 RedCap UE and NW supporting RedCap.
Following the light of the existing early indication mechanisms for Rel-17 RedCap, we analyze how to introduce early indication mechanism for Rel-18 eRedCap.
2.1 Msg3/MsgA PUSCH based mechanism for Rel-18 eRedCap 

In our understanding, it is feasible to use either of the two existing early indication mechanisms to define additional separate early indications for Rel-18 eRedCap. However, introducing separate early indication by Msg1/MsgA PRACH makes the PRACH resources more fragmented, given PRACH resource partition is required by a lot of features, e.g. slicing, 2-step RACH, Rel-17 RedCap, etc. While introducing separate early indication by Msg3/MsgA PUSCH (i.e. by two additional reserved LCIDs for CCCH and CCCH1 data respectively) for Rel-18 eRedCap leads to very low cost from both UE and NW perspectives. In addition, we assume the Msg1/MsgA PRACH based mechanism is a configurable feature as Rel-17 RedCap even if it is agreed to be introduced in Rel-18, while Msg3/MsgA PUSCH based mechanism is supposed to be an always-on feature. Hence, we think Msg3/MsgA PUSCH based mechanism could be introduced for Rel-18 eRedCap. Similar as Rel-17 RedCap, two separate reserved LCIDs are used for CCCH and CCCH1 cases respectively for Rel-18 eRedCap.

Proposal 1: Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap, i.e. two separate reserved LCIDs are used for CCCH and CCCH1 cases respectively.

2.2 Msg1/MsgA PRACH based mechanism for Rel-18 eRedCap

Introducing Msg1/MsgA PRACH based mechanism for Rel-18 eRedCap on top of Msg3/MsgA PUSCH based mechanism is only helpful for Msg2 and Msg3 scheduling during the RACH procedure. In RAN1 #111 meeting, the following agreements were achieved for resource allocation for broadcast channels for Rel-18 eRedCap UE [2]:

	Agreements:
Paging bandwidth

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). 

RAR bandwidth

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
Msg3 bandwidth

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.


Based on the agreements of RAR bandwidth, it is observed that gNB has the full flexibility to decide whether to schedule RAR PDSCH within or exceeds 5MHz even if there is an Rel-18 eRedCap UE monitoring the RAR window. From the UE side, proper UE behavior is defined in case the scheduled RAR PDSCH exceeds 5MHz. Therefore, there is no motivation to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap for RAR scheduling and reception. 
Observation 1: For RAR scheduling and reception, no motivation is found to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap.

For Msg3, the common understanding is the TBS for Msg3 is small e.g. TBS of 56 bits is assumed for all non-RedCap, RedCap, and eRedCap UEs. In such cases, resource allocation up to 5MHz is sufficient for Msg3 transmission from any UE in the cell. Therefore, there is also no motivation to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap for Msg3 bandwidth. 
Observation 2: For Msg3 bandwidth, there is also no need to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap considering resource allocation up to 5MHz is sufficient for Msg3 transmission from any UEs in the cell.

For the TDRA for Msg3 in UL grant in RAR, the situation is a little complicated. There are two cases:

· Case 1: gNB schedules RAR PDSCH within 5MHz, and the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied to eRedCap. It means there is no need to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap as the same TDRA value can be set for both types of UEs.

· Case 2: gNB schedules RAR PDSCH exceeds 5MHz, and the legacy time between RAR reception and Msg3 transmission is NOT applied to eRedCap. The new requirement on TDRA for eRedCap is not smaller than NT,1 + NT,2 + 0.5 + X ms. Hence, it is helpful to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap to set TDRA according to the UE type.

It is worth noting that even in the case2, the distinction of UE types is not essential. In the case of not being able to distinguish UE types, gNB can adopt conservative scheduling for Msg3, i.e. according to the requirements on TDRA for eRedCap, to ensure that all UEs in the cell can work properly.

Observation 3: In case gNB schedules RAR PDSCH exceeds 5MHz, it is helpful to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap to set TDRA for Msg3 transmission according to the UE type.  But the distinction of UE types is not essential.

On the other hand, the gain indicated in observation 3 is not coming for free. The introduction of separate early indication carried via Msg1/MsgA PRACH for Rel-18 eRedCap makes the gNB scheduling more complex and PRACH resources more fragmented. It is well known that more fragmented PRACH resource usually leads to more collision risk of PRACH from system point of view.
Observation 4: Separate early indication via Msg1/MsgA PRACH for Rel-18 eRedCap makes the gNB scheduling more complex and PRACH resources more fragmented.
Taking the observations into account, we believe the benefits brought by distinguishing Rel-17 RedCap and Rel-18 eRedCap UE cannot make up for the cost it leads to. Thus, we think there is no need to introduce separate early indication via Msg1/MsgA PRACH for Rel-18 eRedCap from RAN2 perspective. If RAN1 found some necessarity for the separate early indication via Msg1/MsgA for Rel-18 eRedCap, we could further consider it.
Proposal 2: There is no need to introduce separate early indication via Msg1/MsgA PRACH for Rel-18 eRedCap from RAN2 perspective.
If proposal 2 is agreed, one following issue is when a dedicated PRACH resource is configured for Rel-17 RedCap UEs, which PRACH resource should be selected by Rel-18 eRedCap UEs, e.g. the ones configured for non-RedCap UE or for Rel-17 RedCap UE? There are two options:
· Option 1: Rel-18 eRedCap UEs use PRACH resources configured for non-RedCap UE
With this option, NW can’t differentiate non-RedCap UE and Rel-18 eRedCap UE. Therefore, when a preamble belonging to PRACH resource configured for non-RedCap UE is received, the NW has to schedule the Msg2 within 20MHz, to ensure the RAR PDSCH does not exceed the maximum RF bandwidth of Rel-18 eRedCap UE. As a result, the motivation to distinguish non-RedCap and Rel-17 RedCap UE via Msg1 is defeated, as the Msg2 for Rel-17 RedCap should be also restricted in 20MHz. 
· Option 2: Rel-18 eRedCap UEs use Rel-17 RedCap UEs’ PRACH resource
With this option, NW can identify non-RedCap UE and so schedule Msg2 with non-RedCap UE’s capability. Although NW can’t differentiate Rel-17 RedCap UEs from Rel-18 RedCap UE and has to schedule Msg2 within 20MHz, Rel-18 eRedCap UE can still receive Msg2 with just a longer decoding time. 
Based on the analysis above, we think Option 2 could be adopted when dedicated PRACH resources are configured for Rel-17 RedCap UEs.
Proposal 3: When PRACH resources configured for Rel-17 RedCap is indicated in a cell, Rel-18 eRedCap UE reuses the PRACH resources configured for Rel-17 RedCap to initiate RACH.
3. Conclusion

In this contribution, we discuss the mechanism of introducing additional separate early indication(s) for Rel-18 eRedCap UE.  Based on the discussion, we have the following observations:
Observation 1: For RAR scheduling and reception, no motivation is found to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap.

Observation 2: For Msg3 bandwidth, there is also no need to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap considering resource allocation up to 5MHz is sufficient for Msg3 transmission from any UEs in the cell.

Observation 3: In case gNB schedules RAR PDSCH exceeds 5MHz, it is helpful to distinguish Rel-18 eRedCap UEs from Rel-17 RedCap to set TDRA for Msg3 transmission according to the UE type.  But the distinction of UE types is not essential.

Observation 4: Separate early indication via Msg1/MsgA PRACH for Rel-18 eRedCap makes the gNB scheduling more complex and PRACH resources more fragmented.

And we propose:

Proposal 1: Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap, i.e. two separate reserved LCIDs are used for CCCH and CCCH1 cases respectively.

Proposal 2: There is no need to introduce separate early indication via Msg1/MsgA PRACH for Rel-18 eRedCap from RAN2 perspective.

Proposal 3: When PRACH resources configured for Rel-17 RedCap is indicated in a cell, Rel-18 eRedCap UE reuses the PRACH resources configured for Rel-17 RedCap to initiate RACH.
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