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1 Introduction

Rel-18 Enhanced support of reduced capability NR devices WID was updated in RAN#98e [1], while in RAN#99 the proposal in RP-230778 [2] was endorsed. In this contribution, we provide views on UE peak data rate reduction and early indication. 
_____________________________________________________________________
2 Discussion
2.1 UE peak data rate reduction

Previous RAN1 meetings have been discussing the details of UE peak data reduction support, reaching to following agreements [3], [4]:

	Agreement: [RAN1#110bis-e]
· 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.

	Agreement: [RAN1#112]
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.

	Agreement: [RAN1#112]
Revise the earlier agreement by removing the square brackets like this:

· The minimum DL peak rate target (for FD-FDD) is [10] Mbps based on peak data rate calculation according to 38.306.

· The same value for X is used for DL and UL


At RAN#99, it was endorsed in [2] that UE peak data rate reduction can be either with UE BB bandwidth reduction or standalone:
	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


From the RAN plenary conclusion, it becomes apparent that Rel-18 eRedCap UE may be implemented with or without BB BW reduction, i.e., with limited (~5 MHz) or full PRB processing capability within 20 MHz (yellow and red variants above). It is also clarified that these two variants shall target the exact same minimum peak data rate (i.e., 10Mbps) and that their only difference regards their PRB processing capability and the setting of vLayers·Qm·f  (Note 3). The combination of these two factors shall be considered to achieve the targeted rate. In our view, it should be expected that such combination provides minimum 10Mbps peak rate for all scenarios of SCS for UL or DL, and that a single values of for X or for Y is chosen for simplicity at UE: 
· “BW3/PR3 + PR1” case: 10Mbps is achieved with X = 3.2 option.

· “20MHz + PR1” case: 10Mbps is achieved with Y ≥ 0.75.
Given the factor ~4 in terms of number of PRBs between the two eRedCap variants, it is expected that:
vLayers·Qm·f  5MHz processing capability ≈ 4 * vLayers·Qm·f  20MHz processing capability
Proposal 1: For peak data rate constraint relaxation, select single X and Y values that provide peak data rate of at least 10Mbps in all SCS scenarios for DL and UL, i.e., X=3.2 and Y≥0.75
Finally, it is important to reach a common understanding of what is a Rel-18 eRedCap UE, following the RAN plenary decision. In our view, what at appears to define now a Rel-18 eRedCap UE is the target minimum peak data rate of 10Mbps. Note that PR1 complexity reduction is merely relaxing the constraint to achieve this minimum peak data rate for either “BW3/PR3 + PR1” or “20MHz + PR1” case. However, the maximum peak data rate of Rel-18 eRedCap should also be constrained for “20MHz + PR1” case, similarly to the limitation introduced in “BW3/PR3 + PR1” case via the bandwidth reduction. This could happen for example by introducing a maximum constraint for vLayers·Qm·f, or by limiting the individual factors (e.g., Qm and/or f) for that eRedCap variant. Without such constraint, the eRedCap definition becomes meaningless, as a Rel-18 eRedCap UE capable of “20MHz + PR1” could then reach the same peak data rate as a R17 Redcap UE. This is obviously undesirable.

Proposal 2: RAN1 to define mechanism for constraining maximum peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1", to similar maximum peak data rate level of "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1"
2.2 Early indication
Rel-18 eRedCap WID [1] includes the following objectives:
	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 previous RAN1 meeting, the following were agreed [4]:
	Agreement: [RAN1#112]
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


In Rel-17 Redcap, early indication is supported via Msg1 and Msg3. It seems straightforward to use a similar mechanism for Rel-18 eRedCap and we don’t see any drawback to support additional separate early indications in Msg1 or Msg3. Regarding Msg3, RAN2 already agreed respective EI at last meeting. The remaining question is whether separate Msg1 indication is also really required.
Regarding Msg1, Rel-17 Redcap early indication is implemented by RA partitioning and/or RedCap-specific initial uplink BWP. If a RedCap-specific initial uplink BWP is configured, and the corresponding RA resources do not overlap with (non-RedCap) initial uplink BWP RA resources, Redcap support is already indicated by the choice of the initial uplink BWP. Otherwise, RA partitioning might be configured by the NW such as preambles used by Redcap UEs are different from the ones used by non-Redcap UEs. In our understanding, the highlighted excerpts in RAN1 agreements above indicate scheduling restrictions that the NW would have to take into account to accommodate Rel-18 eRedCap UEs. Without separate eRedCap Msg1 indication, i.e., relying only on the existing Rel-17 Redcap Msg1 indication, a NW supporting eRedCap may have to always 1) delay RAR (since there is no option of X=0), or 2) limit Msg3 PUSCH bandwidth to ensure eRedCap UEs can access. That would cause problems to Rel-17 Redcap UEs initial access (e.g., increased delay) in case of coexistence with Rel-18 eRedCap UEs.
Observation 1: Relying only on Rel-17 Redcap Msg1 early indication will impact Rel-17 Redcap UEs initial access.
Hence, we believe that separate Msg1 indication is required and should be supported. RA partitioning is implemented as a general framework and is already used by different features in Rel-17 (RedCap, Small Data Transmission, Coverage Enhancements and Slicing). It can be easily extended to accommodate eRedCap. It is known that RA partitioning increases RA resource fragmentation / preamble collision probability, so there is a tradeoff to consider. Similarly to Rel-17 Redcap, the NW should have the flexibility on whether to configure Msg1 early indication for eRedCap. All in all, with configurable separate Msg1 indication, no additional complexity is introduced for R18 RedCap UE, the NW may just not configure Msg1, it is nearly free (the framework is already there in RAN2), and we can benefit from no scheduling impact to Rel-17 RedCap UEs.
Proposal 3: Support separate Msg1 early indication for Rel-18 eRedCap, as an optional configuration.
_____________________________________________________________________
3 Conclusion
In this contribution, we provide views on aspects of complexity reduction for Rel-18 eRedCap UE. We reach to the following proposals:  

Proposal 1: For peak data rate constraint relaxation, select single X and Y values that provide peak data rate of at least 10Mbps in all SCS scenarios for DL and UL, i.e., X=3.2 and Y≥0.75
Proposal 2: RAN1 to define mechanism for constraining maximum peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1", to similar maximum peak data rate level of "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1"
Observation 1: Relying only on Rel-17 Redcap Msg1 early indication will impact Rel-17 Redcap UEs initial access.

Proposal 3: Support separate Msg1 early indication for Rel-18 eRedCap, as an optional configuration.
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