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1	Introduction
One of the objectives of the Rel-18 work item on “Enhanced support of reduced capability NR devices” is to specify support for the following further UE complexity reduction features [1]:
	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.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



In this contribution, we discuss early indication for eRedCap UEs with respect to the Rel-18 UE complexity reduction features, i.e., UE peak data rate reduction (“PR1”) and UE BB bandwidth reduction (“BW3/PR3”).
2	Msg1/Msg3 early indication(s)
In RAN2#121, the following related agreements were made:
	Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not).
We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap.




Rel-17 RedCap UEs always provide an indication in Msg3 to let the gNB know at an early stage that the UE is a RedCap UE. If gNB configures separate, RedCap-specific PRACH resources, then the gNB receives an even earlier indication, implicitly in Msg1, whenever a RedCap UE accesses the network using these PRACH resources. In Rel-17 RedCap, Msg3 based early indication is indicated by dedicated LCID values. One option for Rel-18 eRedCap is to use the LCID values similarly, i.e., two LCID values can be introduced for Rel-18 eRedCap UEs using the reserved values for UL-SCH as shown in the table below.

	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)



Another option is to use the LCIDs introduced for Rel-17 RedCap UEs to indicate also Rel-18 RedCap UEs. But this would mean that a Rel-18 gNB has to treat all RedCap UEs as Rel-18 RedCap until it acquires the capability information which may introduce unnecessary limitation when scheduling Msg3/Msg4 transmission. To avoid such impact, another option can be to use the Rel-17 RedCap LCID values with an additional indication, for example using a reserved bit in the MAC subheader. Considering the limited number of such available bits, we propose the following:

[bookmark: _Toc131757853]Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap UEs using reserved LCID values.

[bookmark: _Hlk131757093]We do not think there is any need to separate the LCID values further to indicate whether the UE supports BB bandwidth reduction or peak rate reduction.

[bookmark: _Toc131757854]Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap UEs is not introduced separately to indicate whether the UE supports BB bandwidth reduction or peak rate reduction.

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:
1. If the PDSCH conveying RAR messages to Rel-17 RedCap and Rel-18 eRedCap UEs is wider than 5 MHz, the Rel-18 eRedCap UEs might be unable to handle the legacy minimum time between RAR PDSCH and Msg3 PUSCH (as discussed in previous section). 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.

2. If it is desired to use different bandwidths 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 a separate Msg1 indication is needed. This might happen if there are many Rel-17 RedCap UEs attempting random access (and hence, larger RAR bandwidth due to RAR multiplexing of RARs) and TBS scaling is used to recover coverage of (1-Rx) Rel-17 RedCap UEs.

3. If Msg3 PUSCH is to be scheduled with a wider bandwidth than 5 MHz for Rel-17 RedCap UEs (e.g., for RA-SDT) but with a smaller bandwidth than 5 MHz for Rel-18 eRedCap UEs, then a separate Msg1 indication is needed.

Based on above considerations, in our view, additional separate early indication in Msg1 should be supported.
[bookmark: _Toc131757855]For UE BB bandwidth reduction, support additional separate early indication in Msg1 for 4-step RACH.

Due to similar reasons, separate early indication in MsgA PRACH of 2-step RACH should also be supported.
[bookmark: _Toc131757856]For UE BB bandwidth reduction, support additional separate early indication in MsgA PRACH for 2-step RACH.

In RAN#99 it was discussed whether UE peak data rate reduction (“PR1”) should be supported as a standalone feature or only in combination with UE BB bandwidth reduction (“BW3/PR3”) and endorsed the following proposal [4]:
	Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps
Note 1: Peak data rate of “Rel-18 eRedCap: UE capable of 20MHz + PR1” and “Rel-18 eRedCap: UE capable of BW3/PR3 + PR1” is same including unicast and broadcast respectively.
Note 2: PRB processing capability of “Rel-18 eRedCap: UE capable of 20MHz + PR1” is not limited to “25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS” and it corresponds to PRB size corresponding to 20 MHz.
Note 3: The only difference between “Rel-18 eRedCap: UE capable of 20MHz + PR1” and “Rel-18 eRedCap: UE capable of BW3/PR3 + PR1” is Note 2 and vLayers·Qm·f in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1




According to Note 4 above, UEs that support both UE peak data rate reduction and UE BB bandwidth reduction should use the same initial access procedure as UEs that only support UE peak data rate reduction. According to one interpretation of Note 4, this means that if a UE that supports both UE peak data rate reduction and UE BB bandwidth reduction provides separate early indication(s), then a UE that only supports UE peak data rate reduction also needs to provide the same separate early indication(s).
This is a change compared to the WI objective in the WID [1] which so far only concerned additional separate early indication(s) for UEs supporting UE BB bandwidth reduction. The drawback with this recent change is that it may increase the implementation and testing burden on the network side. For a network to implement support for UEs supporting UE peak data rate reduction, the network implementation of the initial access procedure may now need to be updated to consider that the accessing UE might be a UE that supports not only UE peak data rate reduction but also UE BB bandwidth reduction.
Some simple means should be considered that will enable a phased approach in the network implementation. If the network can distinguish early on whether the UE is a UE that supports both UE BB bandwidth reduction and UE peak data rate reduction, or a UE that only supports UE peak data rate reduction, the initial burden for network implementation and testing will be significantly smaller – this can be achieved by specifying that the additional separate early indication in Msg1 only concerns those UEs that support UE BB bandwidth reduction. However, if this would not be desired, an alternative approach is to specify that access control/barring is separate for UEs that support UE BB bandwidth reduction and UEs that only support UE peak data rate reduction – this will ensure that the network implementation only allows access to UEs for which full support has been implemented on the network side. Adopting one of these options also helps from IODT point of view.

[bookmark: _Toc131757857]Support at least one of the following options to ensure that gNB knows whether to expect access by UEs supporting UE BB bandwidth reduction:
· [bookmark: _Toc131757858]Option 1: Additional separate early indication in Msg1 only concerns UEs that support UE BB bandwidth reduction.
· [bookmark: _Toc131757859]Option 2: Access control/barring is separate for UEs that support UE BB bandwidth reduction and UEs that only support UE peak data rate reduction.

4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap UEs using reserved LCID values.
Proposal 2	Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap UEs is not introduced separately to indicate whether the UE supports BB bandwidth reduction or peak rate reduction.
Proposal 3	For UE BB bandwidth reduction, support additional separate early indication in Msg1 for 4-step RACH.
Proposal 4	For UE BB bandwidth reduction, support additional separate early indication in MsgA PRACH for 2-step RACH.
Proposal 5	Support at least one of the following options to ensure that gNB knows whether to expect access by UEs supporting UE BB bandwidth reduction:
		Option 1: Additional separate early indication in Msg1 only concerns UEs that support UE BB bandwidth reduction.
	Option 2: Access control/barring is separate for UEs that support UE BB bandwidth reduction and UEs that only support UE peak data rate reduction.
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