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Introduction
In WID RP-223544[1], the objective of additional early indication for Rel-18 eRedCap UE is as below:
	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]


In RAN1 #111 [2], the following agreements were reached:
	Agreement
For the earlier RAN1 agreement achieved in RAN1#111 as following,
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
For the “FFS: value(s) of X”
· X = [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS
· Note: Single Value pair for X is to selected for SCSs
Conclusion
There is no consensus to continue discussion on “whether additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is allowed to be configured by the SIB in the cell”.
Conclusion
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR.
Agreement
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· 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


Agreement 
Update the agreement for PDSCH paging with the clarification as follows:
· 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). The scheduling of paging PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Agreement
For UE BB complexity reduction, a UE is not expected to perform 2-step RACH with a MsgA PUSCH resource spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Working Assumption
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.


In RAN2 #121 meeting [3], the following agreement was reached.
	RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.
We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap.
The NR MIB “cellBarred” bit applies to all UEs (Normal UEs, Redcap UEs and eRedcap UEs).


In this contribution, based on the RAN1 and RAN2 progresses, we will further discuss how to support early indication, access restriction and provide our suggestions.
Discussions
2.1 Early Indication 
In RAN1 #111 meeting [2], the following agreements for Msg3 transmission resource allocation were reached:
	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.


According to the above agreement, for Rel-18 eRedCap UE, the scheduled Msg3 PUSCH resource will be restricted within 5MHz. Meanwhile, for legacy UEs supporting RA based small data transmission, it is very possible to schedule Msg3 PUSCH resource for RA based SDT exceeding the above restriction. Therefore, there is a need for NW to differentiate the R18 eRedCap UE from the legacy UE before the transmission of RAR. Then it is beneficial to support Msg1/MSGA based early indication for UE to inform NW that it is a Rel-18 eRedCap UE.
Proposal 1: Msg1/MSGA based early indication could be supported in order that NW can differentiate the R18 eRedCap UE and meet its 5MHz bandwidth restriction for scheduling Msg3 PUSCH resources.

RACH partitioning can be used to provide Msg1/MSGA based early indication. In Rel-17, feature combination in RACH partitioning is introduced as below:
FeatureCombination-r17 ::= SEQUENCE {
    redCap-r17                 ENUMERATED {true}                    OPTIONAL,  -- Need R
    smallData-r17              ENUMERATED {true}                    OPTIONAL,  -- Need R
    nsag-r17                   NSAG-List-r17                        OPTIONAL,  -- Need R
    msg3-Repetitions-r17       ENUMERATED {true}                    OPTIONAL,  -- Need R
    spare4                     ENUMERATED {true}                    OPTIONAL,  -- Need R
    spare3                     ENUMERATED {true}                    OPTIONAL,  -- Need R
    spare2                     ENUMERATED {true}                    OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                    OPTIONAL   -- Need R
}
Then for Rel-18 eRedCap, it is straightforward to define a new feature of eRedCap by using the reserved spare bit in FeatureCombination-r17. 
However, it’s known that RACH partitioning is easy to cause waste of random access resources. Moreover, if there are not enough RACH resources, it would be difficult to provide RACH partitioning for so many functions at the same time. Therefore, we think Msg1/MSGA based early indication for Rel-18 eRedCap can only be optionally supported, e.g., rely on the status of RACH resources.
Once there are enough RACH resources, the NW can configure the new feature of eRedCap in FeatureCombination-r17. The eRedCap UE can make use of Msg1/MSGA to indicate to the NW that it is a Rel-18 eRedCap UE. This can facilitate the NW to exactly schedule Msg3 PUSCH resource within 5MHz for this UE. However, if RACH resources is not enough, the NW would not configure the new feature of eRedCap in FeatureCombination-r17. If the NW still follow the legacy scheduling scheme, it may schedule more than 5M Msg3 PUSCH resource for any UEs. This may further cause the eRedCap UE fails to transmit Msg3. This is obviously undesired. 
In order try to avoid such RACH failure, NW implementation can make a restriction, i.e. the scheduled Msg3 PUSCH resource is mandatory to be within 5MHz. To limit the restriction scope, if the eRadCap RACH resource is not configured but the redCap RACH resource is configured, the eRadCap UE can use the redCap RACH resource, in which case the NW should only limit the Msg3 PUSCH resource within 5Mhz for UEs using redCap RACH resource in the cell that supports eRedCap. As we assume the UEs that need to be scheduled with more than 5M Msg3 PUSCH resources are still a minority, the impacts of such restriction can also be small.
Proposal 2a: RAN2 to optionally define a new feature of eRedCap with the reserved spare bit in FeatureCombination-r17. This is used as Msg1/MSGA based early indication for indicating Rel-18 eRedCap UE.
Proposal 2b: If the eRadCap RACH resource is not configured but the redCap RACH resource is configured, the eRadCap UE use the redCap RACH resource.
In addition, for unicast and broadcast PDSCH for eRedCap UE, RAN1 has made the following agreements:
	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
Agreement 
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· 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


Based on the above agreements, the scheduled bandwidth for Msg4 transmission (unicast PDSCH) for an eRedCap UE should also be restricted within 5MHz.
However, in general scheduling scheme, it is possible for NW to schedule larger than 5MHz bandwidth for Msg4 transmission, for example, the Msg4/MSGB scheduling in RA based SDT function. Therefore, the UE type needs to be informed to NW before Msg4 transmission.
Considering Msg1/MSGA based early indication is optional and NW may not configure Rel-18 eRedCap in FeatureCombination-r17 in some cases, so it is beneficial to also introduce Msg3 based early indication. That means, if no Msg1/MSGA based early indication is configured for eRedCap in the NW, UE cannot indicates to the NW that it’s an eRedCap UE during Msg1/MSGA transmission. But instead, UE still can make use of Msg3 based early indication to inform NW of its type. Then the NW can appropriately schedule the unicast PDSCH resources for Msg4 transmission for this eRedCap UE.
Proposal 3: Msg3 based early indication should also be supported.

In Rel-17 RedCap, Msg3 based early indication is indicated by dedicated LCID. Then for Rel-18 eRedCap, the similar way can be used. So two LCIDs can be introduced by using reserved values for UL-SCH LCID, as shown in Table 1.
Table 1 Values of LCID for UL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]), except for a RedCap UE

	1–32
	Identity of the logical channel of DCCH and DTCH

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for a RedCap UE 

	36
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for a RedCap UE

	37
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for an eRedCap UE

	38
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for an eRedCap UE

	39–42
	Reserved

	43
	Truncated Enhanced BFR (one octet Ci)


Proposal 4: Two reserved LCIDs of LCID for UL-SCH can be introduced as Msg3 based early indication for Rel-18 eRedCap UEs. The eRedCap UEs can use these new LCIDs to indicate CCCH and CCCH1 respectively for Msg3 transmission. 
2.2 Access restriction 
Since UE peak data rate reduction and 5 MHz BB bandwidth only for PDSCH and PUSCH are supported in eRedcap, and legacy gNB cannot identify the eRedCap UE and cannot guarantee the 5Mhz BB bandwidth limitation, the eRedCap UE cannot access the legacy gNB. cellBarred mechanism should be introduced for eRedCap UEs. 
In the eRedCap WID, it has described that “aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction”, one cellBarred bit is enough for eRedCap UEs (e.g. to indicates whether the cell allows the UEs supporting UE peak data rate reduction and 5 MHz BB bandwidth only for PDSCH and PUSCH to access). 
Although enhanced INACTIVE eDRX has been introduced for eRedCap, since it has been agreed that enhanced INACTIVE eDRX can be applied to all R18 UEs, the enhanced INACTIVE eDRX feature should be a feature independent of other eRedCap features, and should not be controlled by the cellBarred bit for eRedCap UEs.
Proposal 5a: A cellBarredEnhRedCap bit is introduced in SIB1 for eRedCap UE.
Proposal 5b: If the cellBarredeEnhRedCap bit is absent in the SIB1, or cellBarredeEnhRedCap is present in the SIB1 and set to barred, the UE supports UE peak data rate reduction and 5 MHz BB bandwidth only for PDSCH and PUSCH shall consider the cell as barred. 
Conclusions
This contribution presents some of our views on early indication and access restriction for Rel-18 eRedCap UEs. We have the following proposals:
Proposal 1: Msg1/MSGA based early indication could be supported in order that NW can differentiate the R18 eRedCap UE and meet its 5MHz bandwidth restriction for scheduling Msg3 PUSCH resources.

Proposal 2a: RAN2 to optionally define a new feature of eRedCap with the reserved spare bit in FeatureCombination-r17. This is used as Msg1/MSGA based early indication for indicating Rel-18 eRedCap UE.
Proposal 2b: If the eRadCap RACH resource is not configured but the redCap RACH resource is configured, the eRadCap UE use the redCap RACH resource.

Proposal 3: Msg3 based early indication should also be supported.

Proposal 4: Two reserved LCIDs of LCID for UL-SCH can be introduced as Msg3 based early indication for Rel-18 eRedCap UEs. The eRedCap UEs can use these new LCIDs to indicate CCCH and CCCH1 respectively for Msg3 transmission. 

Proposal 5a: A cellBarredEnhRedCap bit is introduced in SIB1 for eRedCap UE.
Proposal 5b: If the cellBarredeEnhRedCap bit is absent in the SIB1, or cellBarredeEnhRedCap is present in the SIB1 and set to barred, the UE supports UE peak data rate reduction and 5 MHz BB bandwidth only for PDSCH and PUSCH shall consider the cell as barred.
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