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1 Introduction
The WID for eRedCap in Release-18 [1] includes the following objectives for UE complexity reduction:
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.)

The WID includes the following target in the justification section:
Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. 

The WID hence comprises the following aspects, with the goal of specifying a UE with a 10Mbps data rate in the DL and UL:
· BW3: UE BB bandwidth reduction
· PR1: UE peak rate reduction
· Down-selection between:
· PR1 is only implemented in conjunction with BW3 (i.e. PR1 is an add-on to BW3)
· PR1 can be implemented independently of BW3
This document considers the above complexity reduction schemes.
2 Target data rate
The goal of eRedCap is to specify a UE with a reduced complexity that supports a peak data rate of 10Mbps, as stated in the WID justification. It is understood that this peak data rate of 10Mbps is to be supported in both the DL and the UL.
The UE complexity is reduced by reducing both the physical channel processing requirements in the UE as well as the transport channel processing requirements. Hence, it is important to at least reduce the UE bandwidth, which impacts both the physical channel and transport channel processing requirements.
Observation 1: The WID states that the peak data rate target for eRedCap is 10Mbps.
Observation 2: The 10Mbps peak data rate requirement for eRedCap applies to both the DL and to the UL. 
3 BW3
The WID states that the following bandwidth reduction scheme is to be specified:
· 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.
This bandwidth reduction scheme is the BW3 scheme that was studied in the Rel-18 RedCap SI, as documented in TR38.865. The 5MHz BB bandwidth referred to in BW3 refers to 5MHz of contiguous bandwidth. In contrast, the PR3 scheme (which is not part of the Rel-18 WI) supported a number of PRBs equivalent to 5MHz of bandwidth within a larger system bandwidth, where those PRBs do not have to be contiguous. In Figure 1:
· Case A is compatible with BW3. The PDSCH allocation is contiguous within 5MHz.
· Case B is compatible with BW3. The PDSCH allocation is non-contiguous but is contained within 5MHz.
· Case C is incompatible with BW3 – it belongs to PR3. While the total number of PRBs allocated to PDSCH is 5MHz, these PRBs are not contained within 5MHz of contiguous spectrum.
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[bookmark: _Ref115263988]Figure 1 - PDSCH allocations relevant to BW3 and PR3

Observation 3: For BB bandwidth reduction (BW3), the PDSCH / PUSCH allocations should be contained within 5MHz of contiguous spectrum. The PDSCH / PUSCH allocations themselves can be either contiguous or non-contiguous within that 5MHz.
TR38.865 section 7.2.2 documents the following about the complexity reduction available with BW3:
For BW3, the main contributors of the complexity reduction are the following functional blocks:
-	Baseband: Post-FFT data buffering 
-	Baseband: Receiver processing block
-	Baseband: LDPC decoding
-	Baseband: HARQ buffer
-	Baseband: UL processing block
Note 1: BW3 may have different degrees of impacts on the post-FFT data buffering depending on the scheduling aspects (cross-slot scheduling, RF retuning, etc.).

The degree of post-FFT data buffering complexity reduction is dependent on scheduling aspects. There are three types of scheduling that are considered below:
· Same slot scheduling. The PDCCH is buffered within a bandwidth of 20MHz. Post-FFT samples are buffered across a 20MHz bandwidth until the DCI is decoded. Once the PDSCH allocation has been extracted from the DCI (and RF has potentially been re-tuned), post-FFT samples only need to be buffered within a 5MHz bandwidth until the next PDCCH search space is reached. 
· Cross slot scheduling. The PDCCH is buffered within a bandwidth of 20MHz in slot ‘n-1’ (or earlier), allowing the DCI to be decoded before slot ‘n’. The PDSCH in slot ‘n’ can be decoded based on a window of 5MHz worth of samples. The frequency window within which the PDSCH exists can vary dynamically.
· Semi-static allocation of 5MHz bandwidth. The “frequency window of 5MHz of samples” containing the PDSCH is known from semi-static signalling. The frequency window within which the 5MHz worth of PDSCH samples is located does not vary dynamically. The DCI simply allocates PDSCH within the semi-statically signalled 5MHz of bandwidth.

Proposal 1: RAN1 to decide which of the following scheduling schemes apply to BW3:
· Same slot scheduling
· Cross slot scheduling
· Semi-persistent allocation of a 5MHz bandwidth

From TS38.306, the supported maximum data rate is given by the formula:


This is subject to the criterion that the component  is no smaller than 4.
Assuming the component  is equals 4, and for a single component carrier, the data rate is: . Hence, the maximum supported data rates for BW3 are:
· DL: 13.38Mbps
· UL: 14.31Mbps
The data rates supported are greater than the target data rates according to the justification in the WID.
Observation 4: BW3 supports a DL peak data rate of 13.38Mbps and an UL peak data rate of 14.31Mbps in FR1 at 15kHz SCS. These data rates are higher than the target data rates for eRedCap.
Lower data rates could be achieved with a lower BB bandwidth. For example, a 3.75MHz BB bandwidth would lead to a max DL data rate of 10Mbps. However, consideration of baseband bandwidths of less than 5MHz would require a WID update.

4 PR1
The WID states that the PR1 peak rate reduction scheme is to be specified:
· 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.
From TS38.306, the supported maximum data rate is given by the formula:



The DL and UL data rates that can be achieved for a 5MHz and 20MHz BB bandwidth are shown in Table 1.
[bookmark: _Ref115272054]Table 1 – Achievable data rates for PR1
	Bandwidth
	vLayers·Qm·f
	DL data rate / Mbps
	UL data rate / Mbps

	5MHz (BW3)
	4
	13.38
	14.31

	20MHz (R17 RedCap)
	4
	56.73
	60.68

	5MHz (BW3 + PR1)
	1
	3.34
	3.58

	20MHz (PR1)
	1
	14.18
	15.17

	5 (BW3 + slight PR1)
	3
	10.04
	10.73

	20 (aggressive PR1)
	0.7
	9.92
	10.62Mbps


 
For a 20MHz UE, relaxing the vLayers·Qm·f criterion to vLayers·Qm·f ≥ 1 yields a max DL data rate of 14.18Mbps and a max UL data rate of 15.17Mbps. These maximum data rates are similar to those achieved with BW3. While PR1 achieves these lower max data rates by reducing the transport channel processing, BW3 achieves its lower data rates by reducing both the transport channel processing and the physical channel processing. Hence, BW3 leads to a larger complexity reduction.
Observation 5: PR1 supports a DL peak data rate of 14.18Mbps and an UL peak data rate of 15.17Mbps in FR1 at 15kHz SCS. These data rates are higher than the target data rates for eRedCap.
A greater reduction in peak data rate can be achieved by relaxing the vLayers·Qm·f criterion to below 1. Table 1 shows that a criterion value of 0.7 achieves a peak data rate of 9.92Mbps in the DL and 10.62Mbps in the UL. It may not be possible to choose combinations of vLayers, Qm and f  that multiply to a value of 0.7, but is this a problem? The term ‘vLayers·Qm·f’ can surely be replaced by a single term ‘APR1’ and RAN1 can determine a value of APR1 that achieves the desired peak data rate.
Observation 6: A DL peak data rate of 9.92Mbps and an UL peak data rate of 10.62Mbps is achieved when the term ‘vLayers·Qm·f’ takes a value of 0.7.
Proposal 2: The term  ‘vLayers·Qm·f’ can take a value below 1 for peak rate reduction (PR1).  
Proposal 3: The combined term  ‘vLayers·Qm·f’ is replaced by a single value ‘APR1’  for PR1. Candidate values of  ‘APR1’  include 0.7.


5 PR1 as an add-on to BW3
BW3 has the benefit of reducing both the complexity of physical channel processing and transport channel processing. However, in a 5MHz bandwidth, BW3 does not achieve the target 10Mbps data rate. It is hence desirable to include PR1 as an add-on to BW3. According to Table 1, allowing vLayers·Qm·f to take a value of 3 would lead to a max DL data rate of 10.04Mbps and a max UL data rate of 10.73Mbps.
Proposal 4: Support PR1 as an add-on to BW3, where the combined term  ‘vLayers·Qm·f’ = 3.

6 Conclusion 
This document has considered complexity reduction for eRedCap according to the BW3 and PR1 complexity reduction schemes.
The following observations are made:
Observation 1: The WID states that the peak data rate target for eRedCap is 10Mbps.
Observation 2: The 10Mbps peak data rate requirement for eRedCap applies to both the DL and to the UL. 
Observation 3: For BB bandwidth reduction (BW3), the PDSCH / PUSCH allocations should be contained within 5MHz of contiguous spectrum. The PDSCH / PUSCH allocations themselves can be either contiguous or non-contiguous within that 5MHz.
Observation 4: BW3 supports a DL peak data rate of 13.38Mbps and an UL peak data rate of 14.31Mbps in FR1 at 15kHz SCS. These data rates are higher than the target data rates for eRedCap.
Observation 5: PR1 supports a DL peak data rate of 14.18Mbps and an UL peak data rate of 15.17Mbps in FR1 at 15kHz SCS. These data rates are higher than the target data rates for eRedCap.
Observation 6: A DL peak data rate of 9.92Mbps and an UL peak data rate of 10.62Mbps is achieved when the term ‘vLayers·Qm·f’ takes a value of 0.7.

The following proposals are made:
Proposal 1: RAN1 to decide which of the following scheduling schemes apply to BW3:
· Same slot scheduling
· Cross slot scheduling
· Semi-persistent allocation of a 5MHz bandwidth
Proposal 2: The term  ‘vLayers·Qm·f’ can take a value below 1 for peak rate reduction (PR1).  
Proposal 3: The combined term  ‘vLayers·Qm·f’ is replaced by a single value ‘APR1’  for PR1. Candidate values of  ‘APR1’  include 0.7.
Proposal 4: Support PR1 as an add-on to BW3, where the combined term  ‘vLayers·Qm·f’ = 3.
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