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1 Introduction
In RAN #86 meeting, a study item “Support of Reduced Capability NR devices” [1] was approved. The purpose is to identify and study potential UE complexity reduction features targeting lower end devices market in three different use cases (i.e. Industrial Wireless Sensors, Video Surveillance, Wearable). The SID especially notes that the study should not overlap with LPWA (i.e. LTE-M/NB-IOT) use cases and the lowest capability should not less than an LTE Category 1bis modem. 
This contribution provides some observations on the potential cost reduction techniques for NR devices and the associated standard impacts.  
2. Discussion
2.1 Cost factors
The NR device cost roughly depends on the size of silicon area and the number of external components. In more details, the silicon area of RF part is highly impacted by the number of antennas and supported bands. While, the digital baseband part is driven by the system bandwidth e.g. FFT sizes and UE processing capability e.g. LDPC decoder size that is determined by the maximum TBS and HARQ process. The external components include antennas, duplex filters, PA, etc. Duplex filters can be avoided by the UE operating in half-duplex mode.
The NR Rel-15/16 specifications mandate a couple of requirements for the UE in FR1 [2], including:
· Support a BW of 100 MHz
· Support 4 Rx antennas and 4-layer MIMO for NR bands above 2.5GHz i.e. n7/n38/n41/n77/n78/n79 and 2 Rx antennas for remaining bands.
The small form factor and battery longevity requirements for wearables and low-cost devices impose additional challenges in meeting the mandatory requirements described above, amongst further Rel. 15/16 requirements. Therefore, complexity reduction is desired for these devices. 

2.2 Standard Impacts
Several potential UE complexity reduction features have been listed in [1] for study: 
	· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 



Half-duplex FDD operation: Support half-duplex FDD operation has very limited L1/L2 protocol impacts. It has no impact on system capacity, although it increases the scheduler complexity. HD-FDD device has less stringent filtering requirement and enables lower cost of RF part. The potential standard impact is to specify guard periods for DL and UL switching at the UE side. Furthermore, new performance and core requirements may need to be defined in RAN4 to reflect the fact of no simultaneous transmission and receptions. Note that support of half-duplex FDD operation should be an optional feature for reduced capability UE in order to meet the higher throughput requirement for wearable devices.  
Proposal 1: Support half-duplex FDD operation for Reduced Capability NR devices with specifying the DL-UL switching time. 

Reduced number of UE Rx/Tx antennas: Rel-15/16 NR mandates UE to support 4 Rx antenna and 4-layer MIMO. For NR-lite UEs, reducing the number of Rx antennas certainly results in non-negligible cost reduction but would turn in reduced coverage for this type of UEs. The coverage loss needs to be investigated for different DL channels first, e.g. PBCH, PDCCH, and techniques to compensate the loss should be studied. 
Additionally, compared to other normal devices e.g. cell phone, the form factor of wearable devices leads to lower antenna efficiency and causes more severe coverage problem due to smaller antenna sizes. As widely known, the antenna design requires the antenna size to be approximately half of the wavelength so as to efficiently capture the radiated signal. For NR system with frequencies ranging from 2.5GHz (e.g. n38) to around 5GHz (e.g. n79) in FR1, the requested antenna size varies from 12 cm to 5 cm. For these wearable and low-cost devices with smaller sizes, patch antenna is typically printed on the circuit board with a higher dielectric constant, thus reducing antenna sizes at the cost of additional gain loss. This should be also taken into account as another factor to develop coverage recovery solutions in general.
In addition, support a higher number of Rx/Tx antennas should not be excluded for reduced capability UEs if the physical devices constrain allows this.
Proposal 2: Coverage reduction due to reduced number of UE Rx antennas and smaller size of devices should be studied to verify the need of introducing new standard coverage recovery techniques

Reduced UE bandwidth: Currently, NR UEs are required to operate over a full system bandwidth (e.g. 100MHz for some frequency bands). Supporting a UE with a bandwidth smaller than the system bandwidth helps reducing the power consumption as well as the cost (e.g. smaller FFT size, ADC). On the other hand, it may result in substantial standard impacts. The SID [1] specifies that the Rel-15 SSB BW should be reused. It needs to be investigated how smaller the bandwidth needs to be reduced to balance between cost reduction (e.g. 20 MHz or even more) and specification impacts. 
Proposal 3: Reducing the maximum required bandwidth for reduced capability devices, taking the cost and standard efforts/throughput loss tradeoff into account.  

Relaxed UE Processing Capability: A variety of use cases are targeted – industrial wireless sensors, video surveillance, wearables, and low-end smartphones. The reliability requirements for the use cases range over 99% – 99.99%, latency requirements from 5 ms – 500 ms, average data rate requirements from below 2 Mbps for video surveillance to 50 Mbps for wearable applications and battery duration requirement from few days to several years as summarized in below Table 1 below. 
In general, one framework of grouping certain relaxed capabilities together to form a UE type/category should be carefully studied, thus reducing signaling overhead and simplifying implementations at gNB scheduler by having only a finite number of devices classes. As shown in the Table 1, the requirements compared to legacy eMBB and URLLC services are relaxed but quite diverse, which cannot easily fit in a single low-cost UE type. Therefore, it is motivated to consider more than one types of reduced capabilities UEs with different capabilities in terms of lower peak rate, smaller maximum supported TBS, a smaller soft buffer size, combination of reduced number of supported maximum layer /CC bandwidth/modulation schemes as well as possibly a smaller number of HARQ processes (e.g. up to 4 HARQ processes).  
NR supports two waveforms for UL transmission, one is OFDM and another DFT-S-OFDM schemes. Compared to OFDM waveform, the DFT-S-OFDM is advantageous in terms of PAPR/CM property and higher power-amplifier efficiency, which eventually turns into a better coverage performance and battery utilization. The coverage of NR-lite devices is expected to be degraded due to the reduced number of Tx/Rx antenna. Taking the coverage issue and significantly longer battery requirements into account, it is clearly desirable to provide the flexibility for reduced capability UEs to support DFT-S-OFDM waveform only for UL transmission.    
Proposal 4: 
· Consider at least several sub-areas to achieve relaxed UE processing capability, including reduced number of HARQ processes, reduced number of modulation schemes, a smaller required soft buffer size and reduced number of maximum layers.  
· Support of OFDM waveform for UL transmission should be an optional feature for reduced capability devices.

Table 1: Use Case Specific Requirement [1]
	Devices Types
	Reliability/Latency
	Battery
	Throughput
	Mobility 

	Industrial wireless sensors
	99.99%

100ms (E2E) for communication services

5-10 ms for safety related sensors
	Few years
	2 Mbps (UL heavy)
	Stationary

	Video Surveillance
	Economic Video: 
99%-99.9%
Latency <500ms


	-
	Economic Video: 
2-4 Mbps

High-end video (e.g. for farming):
7.5-25 Mbps

UL dominant 

	-

	Wearables
	-
	Multiple days (Up to 1-2 weeks)
	10-50 Mbps (DL)
5 Mbps (UL)

Peak rate: 
150 Mbps (DL)
50 Mbps (UL)
	-



Relaxed UE processing time: In Rel-15, two set of UE processing capabilities N1/N2 were defined for NR system, i.e. capability 1 and 2. Relaxing the processing time at the UE would reduce the hardware process parallelization at baseband part. Since lower rates need to be supported by the NR-lite UEs, some relaxations to the processing time can be considered. 
As one example, capability 2 requires more aggressive processing timeline, which is mainly motivated to support URLLC application to meet the stringent latency requirement (e.g. 2ms E2E latency). This is not necessary for low-end NR-lite devices due to relaxed latency requirement as shown in Table 1 above. In addition, a new set of N1/N2 values larger than that of current NR system should be investigated for NR-lite devices, which can be comparable to LTE system with taking into account of the request latency requirements. Meanwhile, it shall be still possible for some high-end NR-lite devices to support some latency critical applications with relaxed U-plane latency. In addition, the need to support 256QAM modulation should also be studied as part of UE processing time relaxation to further reduce the baseband requirement. Furthermore, reduced capability UE maybe only support cross-slot scheduling i.e. K0>0 to reduce the complexity and achieve best power saving performance.   
Proposal 5: Specify relaxed UE processing time by defining larger number of N1/N2 values, K0>0 and relaxed modulation schemes for reduced capability NR devices.  

3. Conclusion 
In this contribution, we have presented our views on the standard impacts of reduced capability NR devices. Based on the discussions above, the following was proposed: 
Proposal 1: Support half-duplex FDD operation for Reduced Capability NR devices with specifying the DL-UL switching time. 
Proposal 2: Coverage reduction due to reduced number of UE Rx antennas and smaller size of devices should be studied to verify the need of introducing new standard coverage recovery techniques
Proposal 3: Reducing the maximum required bandwidth for reduced capability devices, taking the cost and standard efforts/throughout loss tradeoff into account.  
Proposal 4: 
· Consider at least several sub-areas to achieve relaxed UE processing capability, including reduced number of HARQ processes, reduced number of modulation schemes, a smaller required soft buffer size and reduced number of maximum layers. 
· Support of OFDM waveform for UL transmission should be an optional feature for reduced capability devices. 
Proposal 5: Specify relaxed UE processing time by defining larger number of N1/N2 values, K0>0 and relaxed modulation schemes for reduced capability NR devices.  
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