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Introduction
In RAN Plenary #97e, the work item on further enhanced RedCap NR devices was approved. To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, e.g., industrial wireless sensor network use cases, some further complexity reduction enhancements are now concluded for Rel-18 RedCap.
After the study, RAN1 identify the scope for that enhanced RedCap by justified the complexity, specification, and other impact of those candidate solutions.
· 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.
To realize the work of further RedCap enhancement, we further analyze the solutions in the above scope. We discuss the details of RedCap enhancement and provide a more consolidated solution.
[bookmark: _Hlk115464106]UE BB bandwidth reduction
As concluded in the WID, The UE’s 5MHz bandwidth restriction is only on baseband part when processing data part. This may have different degrees of impacts on the post-FFT data buffering depending implementation. Also, this may require cross-slot scheduling are configured together with the RedCap UE. Otherwise, the UE complexity will not be reduced for post-FFT. RF retuning could be another factor to consider, however this is also depending on implementation.
Regarding this complexity saving and dependence on other factors, the RedCap UE may have the maximum benefit to introduce some special combination of UE capability. One example could be UE can only support narrow band data and cross-slot scheduling. If UE should also self-scheduling, the UE must process the 20MHz bandwidth in most of the slot. And then the post-FFT cost saving would be disappeared. However, to minimize the UE capability and due to the small gain of that part, we prefer to not define the special combination. 


Figure1. UE data operating in 5MHz bandwidth.
Then, RAN1 specification can introduce direct restriction of bandwidth in the specification. The specification like UE capability can capture that UE should not be scheduled with wider band width. We think the bandwidth should be defined as number of RBs. However, it should be different to the definition in 38.101, which is listed in the 5.3 as the system bandwidths. We had discussed the issue and the number of PRB should be 12 for 30kHz SCS. That can allow better resource allocation and make it usable for UL data.
Table 1. RB restriction for data
	SCS (kHz)
	5 MHz
	DFT size for UL

	
	NRB
	a * b * c  RB

	15
	25
	5*5

	30
	11 12
	3*4






Proposal 1: Introduce the restriction of number for RBs allocated to PUSCH/PDSCH for different subcarrier spacings in the UE.
For downlink data that 5MHz will apply to both unicast and broadcast channel. The existing network allow higher data allocation for broadcast. Before UE report RedCap capability, gNB do not know it can only receive narrower bandwidth of broadcast data. Thus, configured with larger bandwidth broadcast may let UE not able to access network. From our perspective, we think that can serve as restricting of RedCap UE access network in certain band. Even in Rel-17 RedCap UE, it could be similar issue, although the not more than 20MHz bandwidth would be usually configured in existing NR network.  
Peak data rate reduction
We see the peak data rate of UE would be also reflected in the UE capability specification. WID had recommend to set the direct reduce the component  is no smaller than 1, instead of 4. This is the same scaling as BW reduction from 20MHz to 5MHz. And it is naturally matching with the BW3 definition. 
In the specification, there is another possibility to combine the PR1 with BW3. It is all due to the data rate of UE capability defined as following: 

“”



The  is the maximum RB allocation in bandwidth . And, it refers the 38.101, which is defining the system bandwidth. If the can be redefined as UE maximal number of allocatable RBs, then, the PR1 can also supported. However, this may introduce other change in UE capability definition. We can follow the WID recommendation. 
Proposal 2: RAN1 introduce restriction  is no smaller than 1 only in case of 5MHz RedCap UE, in the UE capability specification.
In general, both BW3 and PR1 mentioned in above can be described in UE capability specification to have a consolidated definition.
Conclusion
In this contribution, we have discussed and analyzed the further enhancement of the RedCap devices. For the bandwidth reduction, data rate reduction and how to combined them. We discussed the motivation and benefit of the method. The potential changes are to be considered in UE capability specification.
As summary, we propose:
Proposal 1: Introduce the restriction of number for RBs allocated to PUSCH/PDSCH for different subcarrier spacings in the UE.
Proposal 2: RAN1 introduce restriction  is no smaller than 1 only in case of 5MHz RedCap UE, in the UE capability specification.
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