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1 Introduction
During RAN Plenary 97e, a new WID ‘Enhanced support of reduced capability NR devices’ was approved with the following objective [1]: 
	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.



In this contribution, we present our views on the details of UE BW reduction option and how to reduce the UE peak data rate for Rel-18 eRedcap.  
 
2. Discussions
2.1  On UE Bandwidth Reduction for eRedcap 
According to the approved WID [1], Rel-18 eRedcap WI focus on so-called Opt. ‘BW3’ in [2] to further reduce cost for target device type: 
	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.


As captured in TR 38.865 [2], compared to Rel-17 Redcap device, the achievable average complexity reduction gain of Opt.BW3 is observed to be approximately 8%~8.9% as quoted below:
Table 7.2.2-7: Average UE complexity reduction achieved by BW reduction options compared to corresponding Rel-17 baselines [2]
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW3
	8.02%
	7.66%
	8.90%
	8.72%
	7.68%
	9.19%


According to complexity reduction analysis in [2], the main contributors of the cost reduction gain for Opt.BW3 are from BB perspective and include the following: 
	· 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.).


Compared to Rel-17 Redcap UEs with 20MHz RF and baseband processing requirement, Opt.3 BW limits the BB BW for PDSCH (both broadcast and unicast) and PUSCH such that post-FFT buffering and subsequent processing can be relaxed. On the other hand, how to achieve this is still FFS. 
For Opt.BW3, at least three options exist for unicast PDSCH reception to achieve the cost reduction benefit at UE side: 
· Opt.1: Only support cross-slot scheduling. 
· Opt.2: UE needs to buffer up to 20MHz bandwidth for a few symbols until scheduling DCI is decoded. After decoding DCI, the UE knows the frequency location. 
· Opt.3: The location of PDSCH reception in frequency domain is pre-known at UE, e.g., configured to UE by RRC signaling or determined based on some hopping pattern.
Among three options, Opt.2 is less preferable as the cost reduction gain reply on the PDCCH decoding time. As Rel-18 eRedcap targets for low-end low-cost devices e.g., industrial sensor with a slow clock to minimize cost and power consumption, the PDCCH processing time may take more than a half slot. Therefore, there is no post-FFT buffering reduction at all in case of small payload with a few symbols TDRA in a slot for PDSCH. The drawback of Opt.3 is that the scheduling flexibility was significantly degraded and eventually translate to PDSCH performance loss. Keeping the target use case (e.g., industrial sensor) in mind, low latency is NOT a critical requirement for Rel-18 eRedcap devices. Therefore, Opt.1 is recommended, which provides a full scheduling flexibility in terms of frequency location for PDSCH and maximize the cost reduction benefit as UE always processes up to 5MHz post-FFT data buffering and processing. 
Some concerns were raised on the performance loss of SIB reception due to 5MHz limitation for PDSCH reception at the UE. Considering the impacts on buffering, post processing and less frequent transmission, our preference is to allow 20MHz UE RF+BB BW for SIB reception, same as SSB, CORESET and PDCCH handling. In addition, it is our understanding that a UE is always allowed to use a wider 20MHz RF and BB for SIB reception by implementation even with the current Opt.BW3 description in [2].
Proposal 1: Support the following for Opt.BW3 
· Only support cross-slot scheduling for unicast PDSCH to achieve cost reduction benefit. 
· Allow 20MHz UE RF+BB BW for SIB reception.  
2.2  On UE Peak Data Reduction 
	The peak data rate supported by an NR UE is computed using the following expression from TS 38.306:4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




[bookmark: _Hlk100447109]	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
[…]
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations. 
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .


The target peak data rate of Rel-18 eRedcap UEs is 10Mbps. As per the approved WID [1], it was agreed to remove the highlighted restriction for Rel-18 eRedcap UE, which can achieve ~4% cost reduction benefit compared to Rel-17 Redcap device. The exact value of relaxed constraint for eRedcap UEs need to be studied to complete the design. 
The scaling factor is indicated by RRC parameter ‘scalingFactor’ with four candidate values 1,0.8, 0.75 and 0.4. In addition to the ‘scaling factor’, a UE is able to select other modulation parameters supportedModulationOrderDL and supportedModulationOrderUL for DL and UL for peak data rate indication as long as the ‘no smaller than 4’ restriction is NOT violated. The supported modulation orders include Pi/2-BPSK, BPSK,16QAM, 64QAM and 256QAM, which correspond to . Note that the combinations of these two parameters (i.e., ) provide a wide range of granularities to indicate a peak data rate and associated L2 buffer size for Redcap UEs. 
As captured in the approved WID [1], it remains open regarding how to apply PR1 for Rel-18 eRedcap UE, one is to specify it as a stand-alone feature allowing the combination of ‘Rel-17 20MHz + PR1’ (Alt.1) and the other is to define it as an ‘add-on’ feature and limited to Rel-18 eRedcap with BW3 cost reduction only (Alt.2). The achievable peak data rate for two alternatives were obviously different and roughly estimated in Table 1 (for Alt.1) and Table 2 (for Alt2), respectively. 
Table 1: Achievable peak data rate for ‘standalone’ PR1 with 20MHz BW (Rel-17 Redcap)
[image: Graphical user interface

Description automatically generated with low confidence]
Table 2: Achievable peak data rate for ‘add-on’ PR1 with Rel-18 BW3
[image: A picture containing table

Description automatically generated]
Referring to Table 1 above assuming PR1 is specified as ‘standalone’ feature, it is feasible to modify the restriction of  from 4 to 1 for eRedcap UE, which can reduce BB cost and still meet the 10Mbps peak data rate requirement. On the other hand, as shown in Table 2, if PR1 is introduced as an ‘add-on’ feature for Rel-18 eRedcap UEs with reduced 5MHz BB BW, relaxing   to be smaller than 4 would result in a peak data rate lower than 10Mbps and cannot meet the target peak data rate of Rel-18 eRedcap UEs. Therefore, the need of further relaxation is unclear for ‘add-on’ PR1 feature. 
Proposal 2: 
· If PR1 is agreed to be a standalone feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 1. 


3. Conclusion 
In the previous sections, we have discussed different aspects to further reduce Redcap device complex, including reducing BB bandwidth for PDSCH and PUSCH from 20MHz to 5MHz (i.e., Opt. BW3 in TR 38.865 [2]) and relaxing the restriction for peak data rate reduction (i.e., Opt. PR1 in [2]). 

Based on the discussions above, the following proposals were made: 
Proposal 1: Support the following for Opt.BW3 
· Only support cross-slot scheduling for unicast PDSCH to achieve cost reduction benefit. 
· Allow 20MHz UE RF+BB BW for SIB reception.  
Proposal 2: 
· If PR1 is agreed to be a standalone feature, support to relax the component (vLayers·Qm·f ) in peak data rate calculation from 4 to 1. 
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