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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The Rel-18 RedCap work item [1] started in RAN1 after the RAN#97 meeting. RAN1 has made progress on UE BB bandwidth reduction while making little progress on UE peak data rate (PR1) reduction and separate early indication. Notes in the work item ask RAN to check PR1 and separate early indication in RAN#98. This contribution provides proposals so that the working groups can make further progress for Rel-18 RedCap.
Discussion
The WID stipulates three aspects to be checked in RAN#98:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)

Peak data rate reduction (PR1)
Limited progress was made in the WG meetings on PR1, with only the following agreement made in RAN1#110bis-e:
Agreement
· 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 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.

PR1 as standalone technique
Per RAN and RAN1 decisions, PR1 standalone must be decided at this RAN. Many companies do not want to consider PR1 as a standalone technique for Rel-18 RedCap UEs. One of the reasons was that analysis showed that standalone PR1 had the least amount of complexity reduction (~4% from Table 7.5.2-1 of [2]). This is also in line with the same technique being discussed in Rel-17, where RAN1 could not reach any agreement regarding the L2 buffer size for Rel-17 RedCap UEs [4]. Nothing has changed since then other than providing quantitative evidence to show that the standalone technique is not worthwhile.
Another reason is the risk of market fragmentation for Rel-18 RedCap UE: is it a device that achieves lower data rate with a 5 MHz baseband limitation or is it a Rel-17 RedCap UE with a lower data rate. These are clearly two different UE types, which is against the objective of the work item “Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.” 
Proposal 1: Do not support PR1 as standalone technique.

PR1 as an add-on technique
There clearly will not be consensus to go against the “aim” for a single UE type and support standalone PR1. While we can accept PR1 as an add-on, we are also OK with the lack of consensus resulting in the removal of the PR1 objective altogether. Deciding in the WI is in line with the original RAN1 recommendation from the TR [2]:
Furthermore, RAN1 recommends that Option PR1 is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.
RAN1 left the door open to not adopt PR1 as an add-on, it was the RAN chair proposal to include PR1 directly and check on “add-on” or “standalone” in RAN#98. Since the data rate with UE BB bandwidth reduction alone is fairly close to 10 Mbps, PR1 as an add-on does not reduce the data rate (or complexity) much; this is seen that the value of X, where vLayers·Qm·f ≥ X [3], is likely to be a value greater than 3 instead of the current value of 4. We would be open to consider dropping PR1 as an add-on.
Early Indication
A Rel-18 RedCap UE inherits initial access and early indication (EI) aspects of a Rel-17 RedCap UE while also adding a 5 MHz baseband restriction. This restriction can affect initial access by limiting the sizes of Msg2, Msg3, and subsequent unicast PDSCH / PUSCH. In our RAN1 contribution [5], we examined early indication for Rel-18 RedCap UEs and summarize our analysis in the following table.
Table 1. Early indication (EI) for Rel-17 and Rel-18 RedCap UEs
	
	Rel-17 RedCap UE
	Rel-18 RedCap UE

	Channel BW
	Msg1 EI
	Msg3 EI
	Msg1 EI
	Msg3 EI

	≤ 20 MHz
	Not needed (treated as non-RedCap)
	Yes
	Separate Msg1 EI or
not needed if network can ensure size Msg2 / Msg3 ≤ 5 MHz
	Separate Msg3 EI or
reuse Rel-17 RedCap UE Msg3 EI and network can ensure size Msg4+ ≤ 5 MHz

	> 20 MHz
	Yes
	Yes
	Separate Msg1 EI or
reuse Rel-17 RedCap UE Msg1 EI if network can ensure size Msg2 / Msg3 ≤ 5 MHz
	Separate Msg3 EI or
reuse Rel-17 RedCap UE Msg3 EI and network can ensure size Msg4+ ≤ 5 MHz



In our view, it should be up to the network whether or not to configure (using the same Rel-17 early indication framework) a dedicated Rel-18 RedCap Msg1 EI/Msg3 EI, or to “take the hit” on treating some transmissions (e.g., Msg2/Msg3). It should be obvious to all a network should be able to use EI for Rel-18 RedCap UEs in a 20MHz deployment case, so they can be handled differently than the non-RedCap and Rel-17 RedCap UEs that are treated similarly. 
With respect to the WID note “Whether or not/how a separate early indication can be supported”, based on our analysis the same framework (i.e., a set of RACH preambles for Msg1 EI or an LCID for Msg3 EI can be used to provide a separate Rel-18 early indication. We propose:
Proposal 2. For the “whether or not/how” question on early indication in the WID, support a separate early indication for Rel-18 RedCap by reusing the procedures for Rel-17 RedCap UEs.
Other restrictions
FR2 was not included in the RedCap Rel-18 study, and should not be included in the complexity/cost reduction objective of the WID.
Proposal 3. Do not expand the scope of the complexity/cost reduction objective to include FR2.


Conclusion
We propose the following:
Proposal 1: Do not support PR1 as standalone technique.
Proposal 2. For the “whether or not/how” question on early indication in the WID, support a separate early indication for Rel-18 RedCap by reusing the procedures for Rel-17 RedCap UEs.
Proposal 3. Do not expand the scope of the complexity/cost reduction objective to include FR2.
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Appendix
From Rel-18 WID [1]
4.1	Objective of Core part WI
The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
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.
· 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#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)

From the TR [2]
[bookmark: _Toc114476645]9	Conclusions and recommendations
…
Some of the companies who participated in the study also wanted to include one or both of the following options in the above list, for RAN plenary to assess the trade-off between degree of complexity reduction and specification impact.
-	Option PR1:
-	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 [4].
-	Option BW1:
-	Both RF and BB bandwidths are 5 MHz for UL and DL.
Furthermore, RAN1 recommends that Option PR1 is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.

