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[bookmark: _Ref503504522]Introduction
Rel-18 Enhanced support of reduced capability NR devices 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]
· 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 address several aspects of Further reduced UE complexity topic, including possible RAN2 impacts related to latest RAN decision on UE peak data rate reduction.
Discussion
BB BW reduction optionality
At RAN#99, it was discussed whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone. The following was endorsed in [2]:
	[bookmark: _Hlk131700664]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



There are several important considerations that can be noted from the RAN plenary conclusion:
· Rel-18 eRedCap UE may be implemented with or without BB BW reduction, i.e., with limited or full PRB processing capability within 20 MHz (green and red variants above). 
· However, those two variants share the exact same peak data rate (10Mbps). 
· Note 3 emphasizes further that the only difference between both variants is the PRB processing capability, as well as vLayers·Qm·f  , in order to have the same peak data rate. 
· Note 4 further clarifies that both variants use the same initial access procedure.
In our understanding, the implementation of the variant “20MHz+PR1” in RAN2 specification will just require a new capability in existing capability framework. 
[bookmark: _Ref131702624][bookmark: _Hlk131632448]Proposal 1: The eRedcap PRB processing capability (limited/full) is indicated by a new capability
As indicated by Note 3, there should be no other difference between both variants of eRedcap. The setting of vLayers·Qm·f   should be in the realm of RAN1. Hence, from RAN2 perspective, we believe that there should be no other impact. 
[bookmark: _Ref131702626]Proposal 2: No additional difference is introduced related to eRedcap PRB processing capability (in particular, both variants share same initial access, same access control)

Definition of an eRedcap UE
It seems useful to get a common understanding of what is an eRedcap UE following the RAN plenary decision. In general, for NR, the definition of “UE types” is more based on capabilities. Previously, an eRedcap UE could have been defined (mainly) by the BB BW processing capability being limited to 5Mhz worth of PRBs, compared to a R17 Redcap UE.
However, this capability is now optional. What appears to define an eRedcap UE is more the target peak rate of 10Mbps, as indicated by “designed/targeted to same peak data rate, i.e., 10Mbps”. This can be achieved with or without PRB processing capability limitation. This makes it more similar to an LTE category definition of UE type – within the overall Redcap framework. 
Hence, as a first attempt to give a high-level definition, an eRedcap UE would be a “Redcap UE” (meaning: inheriting most features/characteristics of a Redcap UE, such as 20MHz UE BW, NCD-SSB, …) with a peak data rate of 10Mbps. One of the (new) optional feature of an eRedcap UE would be the PRB processing capability limitation.
[bookmark: _Ref131702628]Proposal 3: An eRedcap UE is a “Redcap UE with 10Mbps peak data rate”, with optional PRB processing capability limitation
In particular, we expect RAN1 to provide constraint values for  vLayers·Qm·f   to match this definition. Those would be different depending if PRB processing capability is limited or not. 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
For example, if vLayers·Qm·f  5MHz processing capability ≈ 3, then vLayers·Qm·f  20MHz processing capability ≈ 0.75.
It is important to note that even though PR1 is merely relaxing the constraint for the minimum peak data rate that can be advertised, this is only to achieve the target eRedcap peak data rate (10Mbps). The maximum peak data rate of an eRedcap UE (that can be advertised) should also be constrained. Before the RAN plenary decision, there was a natural limitation linked to the PRB processing capability limitation, which has disappeared. 
Without such constraint on the maximum peak data rate of an eRedcap UE (that can be advertised), the eRedcap definition would become meaningless: an eRedcap UE without BB BW reduction would be able to advertise the same peak data rate as a R17 Redcap UE, which is obviously undesirable.

1.1. Access Control
Rel-17 Redcap UEs network access is controlled by the following parameters:
· In MIB: cellBarred
· In SIB1:
· intraFreqReselectionRedCap 
· cellBarredRedCap1Rx 
· cellBarredRedCap2Rx
· halfDuplexRedCapAllowed

It was agreed at previous meetings that
	 The NR MIB “cellBarred” bit applies to all UEs (Normal UEs, Redcap UEs and eRedcap UEs).
 SIB1 should be able to indicate whether the cell enables access for eRedCap UEs or not (assuming that eRedCap UE is not allowed to access to the legacy cell nor the cell not supporting eRedCap). FFS on the relationship and granularity with the access control/cell barring purpose indication.



Regarding the remaining Redcap dedicated access control parameters, we need to consider the usage of (e)Redcap UEs. R17 Redcap and R18 eRedcap UEs are meant to address completely different scenarios and use cases. In our view, as a baseline, it makes sense to give the flexibility to operators to control the access of such UEs independently – similar as how Redcap UEs access has been discriminated from regular NR UEs access.
[bookmark: _Ref134783918]Observation 1: Redcap / eRedcap UEs address different use cases, hence requiring separate access control
During Redcap WI, the decision to have separate barring for 1Rx/2Rx came from RAN (included in updated WID RP-210918 at RP#91-e). In general, the higher the BW/throughput, the higher the impact of reduced number of antennas on the network efficiency. 2Rx was allowed for Redcap (instead of mandatory 4Rx on some bands) but those devices are strictly limited to 20MHz (in FR1). There is an ongoing discussion in RP to also allow 2Rx only for XR devices (with 100MHz bandwidth) which raises concerns and would also require some strict control (if allowed). 
Hence, it could make sense for a NW, from network efficiency point of view, to e.g. allow Redcap 2Rx / eRedcap 1or 2 Rx, i.e. to allow 1Rx only for the lowest throughput device type. We believe such kind of flexibility should be kept.

[bookmark: _Ref134783921]Observation 2: A NW should have the possibility to e.g. allow 1Rx only for eRedcap
Proposal 4: As a baseline, similar (but separate) Access Control parameters can be introduced for eRedcap UEs
During previous meeting, there was an early discussion on the possibility of separately barring BB BW reduced UEs. In our view, this raises several concerns:
· This was not the intent from RAN plenary (as far as we understood)
· the RAN plenary conclusion Note 3 indicated there should be no additional difference between both variants. Introducing different barring is a huge difference of handling those devices. 
· In the case of 1Rx/2Rx, this was decided by RAN plenary and included in the WID, so we would have expected RAN plenary to do the same if it was the intent.
· Regarding initial access, it was discussed in RAN plenary whether the 20MHz BB BW variant would be same as Rel-17 Redcap or same as Rel-18 eRedcap 5MHz BB BW variant. The decision was to use the same as Rel-18 eRedcap 5MHz BB BW variant. The rationale was not technical, but again that there should not be different handling of both variants. 
· Phased implementation argument is not consistent with RAN decision
· It was argued that separate barring of 5MHz BB BW variant could allow initial implementation of 20MHz BB BW only. However, the NW would still have to implement the common initial access as decided by RAN plenary. I.e., this rationale is not in line with the RAN decision: if phased implementation was really required, it would have been a lot more consistent that 20MHz BB BW uses the Rel-17 Redcap initial access.
· From spectrum efficiency point of view, this would mean barring the most efficient devices
· (e)Redcap devices use less antennas than regular NR devices. The more spectral efficient variant is the  5MHz BB BW. If one of the variants would require a separate barring, it would rather be the 20MHz BB BW as it is less spectrally efficient (unless the NW actually schedules it as a 5MHz BB BW variant, but then it means it supports the 5MHz BB BW variant).  
Hence, we propose 
[bookmark: _Ref134741544]Proposal 5: Do not introduce separate access control of 5MHz/20MHz BB BW variants

Conclusion 
In this contribution, we make the following observations and proposals:
Proposal 1: The eRedcap PRB processing capability (limited/full) is indicated by a new capability
Proposal 2: No additional difference is introduced related to eRedcap PRB processing capability (in particular, both variants share same initial access, same access control)
Proposal 3: An eRedcap UE is a “Redcap UE with 10Mbps peak data rate”, with optional PRB processing capability limitation
Observation 1: Redcap / eRedcap UEs address different use cases, hence requiring separate access control
Observation 2: A NW should have the possibility to e.g. allow 1Rx only for eRedcap
Proposal 4: As a baseline, similar (but separate) Access Control parameters can be introduced for eRedcap UEs
Proposal 5: Do not introduce separate access control of 5MHz/20MHz BB BW variants
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