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1 Introduction
RAN1 received a LS [1] from RAN WG2 on L2 buffer size reduction as follows:
	1. Overall Description:
RAN2 discussed several options for L2 buffer size reduction for Rel-17 RedCap in RAN2#114 and RAN2#115 but did not reach any conclusion on whether and how the possible reduction should be made.

As this is related to RAN1, RAN2 respectfully ask RAN1 to discuss L2 buffer size reduction and provide feedback to RAN2.

2. Actions:
To RAN1 group
ACTION: RAN2 respectfully ask RAN1 to discuss L2 buffer size reduction and provide feedback to RAN2.


This contribution provides our views on the L2 buffer size reduction for Redcap devices considering the target use cases and potential specification impacts. 
2. Discussions
According to the approved WID [2], three use cases, (i.e., industrial sensor, video surveillance, wearables) are targeted by Rel-17 Redcap WI with different requirements in terms of data rates, latency and battery lifetime as summarized in Table 1: 
Table 1: Three use cases of Redcap devices and performance requirements
	
	Data Rate
	Latency
	Battery life

	Industrial Sensors
	<2Mbps
	<100ms
	Few years (≥5 yr in TR 22.832)

	Video surveillance
	Economic video: 2-4Mbps
High-end video: 7.5-25 Mbps
	<500ms
	N/A

	Wearable
	Peak rate: 
DL <= 150Mbps UL <= 50Mbps 
Reference rate: 
5-50Mbps Mbps in DL and Minimum 2-5 Mbps in UL
	-
	Multiple days (up to 1-2 weeks)



Referring to Table 1, the first two use cases (Industrial sensor and Video Surveillance) have significantly lower peak data rate requirement compared to wearable use case. Hence, there is clear room for further reducing the device cost and complexity. 
Observation 1: Further reducing the cost for industrial sensor and video surveillances should be considered in Rel-17 to minimize the cost and implementation complexity. 

In Rel-15, a UE is required to support 100MHz and 200MHz RF bandwidth in FR1 and FR2, respectively. To relax baseband processing requirement, a scaling factor was introduced to allow mismatch between mandated RF BW and baseband processing capability for legacy eMBB UE. According to [3], the scaling factor value is reported on a FS feature and reported by UE to be applied to the band in the max data rate calculation as below:   
	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.
	[…]
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 .



For Redcap devices, especially industrial sensor and video surveillance, support of scaling factor is the simplest way to minimize device cost and fulfil the target peak data requirement. 
A variety of cost reduction techniques were agreed to support according to the approved WID [4], including
· Reduced maximum UE bandwidth: 20MHz (FR1), 100MHz (FR2)
· Reduced minimum number of Rx branches: 1 or 2. 
· Maximum number of DL MIMO layers: 1 or 2 layers. 
· Relaxed maximum modulation order: 256 optional for FR1. 
· HD-FDD
· Not support CA and DC. 
It should be noted that there is currently a restriction on the application of scaling factor indicated by UE , as highlighted using yellow color above. For low-end Redcap device, e.g., industrial sensor, the following maybe implemented to minimize cost: 
· Maximum number of DL layer: 1, correspondingly, . 
· Relaxed maximum modulation order: 64QAM, 
As one consequence, the restriction that  is no smaller than 4 for single carrier operation (see highlighted text from TS 38.306 copied above) prevent low-end Redcap devices from using the smaller value of . This restriction maybe acceptable for eMBB UEs in Rel-15 since all devices are mandated to support 256QAM () and two layers (). Hence,  is still applicable, which provides additional flexibility to relax baseband complexity. However, this rule posts unnecessary restriction for Rel-17 Redcap UEs to further reduce the baseband cost and buffer without any technical justification. 

Observation 2: The restriction defined in Rel-15 for eMBB UEs in TS 38.306 prevents Redcap UEs from using the lowest scaling factors 
Proposal 1: Remove the following restriction in clause 4.1.2 of TS 38.306 for Redcap device:
	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.




Assuming the restriction in TS 38.306 would be removed, the achievable maximum data rate with 15kHz SCS is approximately  , with following setting:
· , 
· Maximum number of DL layer: . 
· Relaxed maximum modulation order: 64QAM, 
The achievable peak data rate is still far higher than the targeted data rate of low-end Redcap device, e.g., industrial sensor. It naturally motivates to introduce a new smaller value for scaling factor e.g., , resulting in a maximum data rate of , which can be leveraged by industrial sensor and low-end video devices to scale down the max data rate supported by the device and thereby reduce its memory size (L2 and HARQ buffers) and interface bandwidth requirements. This would make the Redcap device more attractive for industrial sensor market, where low cost is one of most important factors. Given the trivial impacts on RAN1/RAN2 specification to introduce a smaller scaling factor and clear benefit for low-end Redcap devices, we therefore propose the following:  
Proposal 2: Support introducing a smaller scaling factor for Redcap device to further reduce L2 buffer size. 


3. Conclusion 
In this contribution, we have presented our views on the L2 buffer size reduction for Redcap UEs. Based on the discussions, the following observations were made: 
Observation 1: Further reducing the cost for industrial sensor and video surveillances should be considered in Rel-17 to minimize the cost and implementation complexity. 
Observation 2: The restriction defined in Rel-15 for eMBB UEs in TS 38.306 prevents Redcap UEs from using the lowest scaling factors 

Based on the discussion in the previous sections, we propose the following:
Proposal 1: Remove the following restriction in clause 4.1.2 of TS 38.306 for Redcap device:
	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.


Proposal 2: Support introducing a smaller scaling factor for Redcap device to further reduce L2 buffer size. 
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