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1   Introduction
In RAN#86, a new SID to support reduced capability NR devices is approved [1]. One of the objectives of the study is to:

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

· 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 

As a baseline, the requirements of three use cases for reduced capability NR devices are:

Generic requirements:

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

Use case specific requirements: 

· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.

· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

In this contribution, we share our views on these aspects.
2   Discussions 
2.1   Evaluation for UE complexity reduction

As described in [2], the cost drivers are broadly categorized into two parts, RF components and processing, which may need different analysis methodology. The ADC/DAC and L2/L3 protocol support are included within the processing category. The cost analysis methodology should identify the percentage cost of each of the two parts.
Baseband cost can be represented to some extent by the required baseband operations. In addition, resource occupied on chip (Buffer size and Number of ASIC/FPGA gates) can also be considered. A baseband cost/complexity metric relevant to the analyzed cost reduction technique should be used. It should be noted that the impact of complexity reduction on cost and/or performance is dependent on various factors including implementation. For RF component cost reduction, the number of RF chains/antenna ports are the main consideration.

Proposal 1: The evaluation of UE complexity reduction should consider the required RF and baseband processing capabilities for the intended use case. 
2.2   Reduced number of UE RX/TX antennas

Generally speaking RF component cost is a major part of UE cost and can range from 40% to 60% of the total cost, depending on various RF component used and the number of RF chains supported. Reducing the number of UE RX/TX antennas will be one potential area of cost reduction.

If the category of these reduced capability UEs do not need to support more than one layer transmission then single RX/TX antennas can be supported. Single RX could have some impact on the DL coverage, but it has been shown that in LTE-MTC that it is doable. For NR since the beamforming are used for initial access and control channel, the reduced receive diversity can be compensated. Single TX will also simplify the RF circuit design and benefit UE power consumption. Any loss in UL coverage could be compensated with repetition, in the same way as UEs with reduced maximum transmit power. 

Furthermore, for the UE with single RX/TX antenna, the maximum transport block size and the total number of soft channel bits can be reduced since single TB is mapped to one layer and transmitted within a TTI. And CSI report quantities can be simplified since RI/LI report is not required. Also, due to single Rx antenna, Rx beam sweep will not be supported on UE side.

Based on the previous analysis, we make the following proposal: 
Proposal 2: Single RX/TX antenna can be supported for reduced capability UE. 
2.3   UE bandwidth reduction

As evaluated in [2], reduction of maximum bandwidth provides significant cost savings. According to the requirement in [1], the lowest capability considered for reduced capability NR devices should be no less than an LTE Category 1bis modem and Rel-15 SSB bandwidth should be reused and L1 changes minimized. Since the UE bandwidth of LTE category 1bis is 20 MHz, it implies that the UE bandwidth of reduced capability NR devices should be no less than 20 MHz. For deployment scenarios, system should support both FR1 and FR2 bands for FDD and TDD. So for FR1 and FR2, the UE bandwidth of reduced capability devices should at least no less than the SSB bandwidth. For FR1, the SSB bandwidth is 3.6 MHz for 15 kHz subcarrier spacing and 7.2 MHz for 30 kHz subcarrier spacing. For FR2, the SSB bandwidth is 28.8 MHz for 120 kHz subcarrier spacing and 57.6 MHz for 240 kHz subcarrier spacing. Considering that L1 changes should be minimized, the bandwidth of reduced capability NR devices should be a subset of Rel-15 UE bandwidth such as 20 MHz for FR1 and 100 MHz for FR2 rather than defining a new UE bandwidth. Besides, the mentioned three main use cases (industrial wireless sensors, video Surveillance, and wearables) may have different data rate requirements, so UE bandwidth should vary with scenarios and use cases, particularly, the impact on data rate should be evaluated based on the requirement targeted use case.

According to [3], the approximate data rate for NR is computed as following:
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For reduced capability NR device, considering that carrier aggregation would not be supported, data rate impact caused by potential UE complexity reduction features can be evaluated by simply calculating the above formula based on the assumption of a given maximum number of supported layers, maximum supported modulation order, bandwidth and scaling factor. For example, for frequency range FR1, if [image: image2.wmf])
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= 66 (UE bandwidth = 50 MHz), then the downlink data rate can be up to 200 Mbps for single layer transmission. Similarly, uplink data rate can be evaluated in the same way. For frequency range FR1, if [image: image12.wmf])
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Observation 1: Data rate impact caused by the potential UE complexity reduction features can be evaluated by using the formula 
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From above data rate formula, 
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(i.e., UE bandwidth) is a very key factor for peak data rate. As we observed above, for frequency range FR1, the UE bandwidth may need 40 MHz for wearables while 20 MHz is enough for other use cases. For UE bandwidth reduction, if single UE bandwidth is defined for reduced capability devices in FR1, the cost of devices for industrial wireless sensors would be as high as that for wearables. It is not beneficial for complexity reduction and cost saving. From the data rate requirement of use cases of industrial wireless sensors, economic video, high-end video and wearables, it is possible for a 20 MHz bandwidth UE to achieve the data rate requirement for almost uses cases other than wearables. Therefore, 20 MHz can be defined as UE bandwidth for low-end reduced capability NR devices. For high-end reduced capability NR devices, another UE bandwidth such as 40 MHz can be considered.
Proposal 3: For reduced capability NR devices in frequency range FR1, two reduced UE bandwidth can be considered according to data rate requirements.

· 20 MHz is the baseline UE category bandwidth.
· 40 MHz UE bandwidth can be considered to support a high-end Recap UE category in FR1.
For frequency range FR2, 50 MHz UE bandwidth can meet the data requirement of all three use cases. Hence, single UE bandwidth is considered for reduced capability NR devices for frequency range FR2.  If reduced capability NR devices should support SSB with 240 kHz subcarrier spacing, the UE bandwidth should be larger than 57.6 MHz and 100 MHz UE bandwidth can be considered for reduced capability NR devices, otherwise, 50 MHz UE bandwidth can be considered. 
Proposal 4: For reduced capability NR devices in frequency range FR2, single baseline reduced UE bandwidth can be considered. 

· 50 MHz or 100 MHz reduced UE bandwidth can be chosen depending on whether to support 240 kHz subcarrier spacing SSB. 
2.4   HD-FDD

Half duplex FDD (HD-FDD) operation is a technique that can lower the cost of UE by simplifying the RF implementation because a duplexer is replaced by a switch. Based on the analysis shown in [2]. Given that the duplexer cost is in the range of 15-25% of the RF module (which is 40% of the total LTE reference modem cost), HD-FDD mode provides an overall cost saving based on the reference LTE modem of 4-8%. But considering the HD-FDD UE cannot transmit and receive simultaneously, the scheduling is constrained and the following impact on specification should be considered: switching time for the downlink-to-uplink and uplink-to-downlink transitions and the conflict between downlink and uplink transmissions. 

In Current NR specs, dynamic TDD, i.e., dynamic assignment and reassignment of time-domain resources between the downlink and uplink transmission directions, is supported. Dynamic TDD allows UE adaption for rapid traffic variation and in principle works in the same way as HD-FDD. In both cases, the UE monitors the PDCCH and based on gNB scheduling to transmit or receive one at a time therefore HD-FDD can utilize some of the dynamic TDD mechanism. The slot format indicator in the DCI indicates a specific slot format combinations. HD-FDD UE can be configured with specific slot format combinations to indicate when to transmit and when to receive.
Proposal 5: HD-FDD can be supported for reduced capability UE.
2.5   Relaxed UE processing time

According to [5], there are two latency requirements of NR, one is user plane latency and other is control plane latency. For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL. In [6], the evaluation results of user plane latency and control plane latency are presented. For reduced capability NR, the different use cases have different latency requirement. For example, the end-to-end latency for industrial wireless sensors is less than 100 ms, the latency requirement is 5-10 ms for safety related sensors. The definition of end-to-end latency is the time that takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination. And the definition of user plane latency is the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX. Therefore, for reduced capability NR devices, whether to reuse the latency evaluation method of NR should be determined first. 
Observation 2: For reduced capability NR, whether to reuse the latency evaluation method of NR should be determined first. 

If the UE processing time is relaxed, the scheduling complexity will be reduced. For example, the non-slot based scheduling may not be supported. In addition to scheduling, these parameters such as N1/N2/N3/Z/Z’ should also be reconsidered.  
Proposal 6: UE processing time can be relaxed for reduced capability UE.
2.6   Relaxed UE processing capability

The lowest capability for reduced capability NR devices should be no less than an LTE Category 1bis modem. Total layer 2 buffer size is a very important capability that determines the cost of a NR device. In [4], the total layer 2 buffer size for DL/UL Category 1bis is 150 kbytes.

For reduced capability NR devices, the total layer 2 buffer size can be calculated by MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT [3]. From [1], the peak data rate of industrial wireless sensors and economic video is much lower than that of high-end video and wearables. The total layer 2 buffer size for reduced capability NR devices should be larger than 150 kbytes and can be defined according to the peak data rate of UE categories defined for reduced capability NR devices.

Proposal 7: The total layer 2 buffer size for reduced capability NR devices should be larger than 150 kbytes and can be defined according to the peak data rate of UE categories defined for reduced capability NR devices.

The UE PDSCH processing procedure time and UE PUSCH preparation procedure time depend on the UE processing capability (UE processing capability 1 or UE processing capability 2). The random access processing procedure time is related to a PDSCH processing time for UE processing capability 1. In [3], UE radio access capability parameters include pdsch-ProcessingType2 and pusch-ProcessingType2 that indicate whether the UE supports PDSCH processing capability 2 and PUSCH processing capability 2 respectively. For reduced capability NR devices, the data rate requirement is much lower than NR eMBB and the latency requirement is much lower than URLLC, there is no need to support UE processing capability 2.

Proposal 8: Reduced capability NR devices are not required to support UE processing capability 2.

During UE CSI processing, the number of maximum simultaneous CSI calculations [image: image21.png]


 is indicated by the UE. It is noted that UE support [image: image23.png]


 CSI processing units for processing CSI reports. The number of CSI processing units is related to CSI report complexity. The number of CSI processing units occupied by CSI reports can be reduced through simplification with respect to CSI report settings and resource settings. For example, if the UE only support an activated time-domain CSI report, i.e. one of aperiodic, semi-persistent and periodic CSI reports, the number of simultaneous CSI reports which are processed by the UE can be reduced. Furthermore, if less CSI-RS resources are restricted in a resource set, the number of CSI processing units occupied by CRI reporting can be reduced. Hence, for reduced capability UE, it can be considered to simplify CSI report to reduce UE complexity and relax UE processing capability.

Proposal 9: The complexity of CSI report can be reduced to simplify UE processing capability.

3   Conclusion
Base on the analysis in the previous section, we have the following observation and proposals:

Observation 1: Data rate impact caused by the potential UE complexity reduction features can be evaluated by using the formula 
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Observation 2: For reduced capability NR, whether to reuse the latency evaluation method of NR should be determined first. 

Proposal 1: The evaluation of UE complexity reduction should consider the required RF and baseband processing capabilities for the intended use case. 
Proposal2: Single RX/TX antenna can be supported for reduced capability UE. 
Proposal 3: For reduced capability NR devices in frequency range FR1, two reduced UE bandwidth can be considered according to data rate requirements.

· 20 MHz is the baseline UE category bandwidth.
· 40 MHz UE bandwidth can be considered to support a high-end Recap UE category in FR1.
Proposal 4: For reduced capability NR devices in frequency range FR2, single baseline reduced UE bandwidth can be considered. 

· 50 MHz or 100 MHz reduced UE bandwidth can be chosen depending on whether to support 240 kHz subcarrier spacing SSB.

Proposal 5: HD-FDD can be supported for reduced capability UE.
Proposal 6: UE processing time can be relaxed for reduced capability UE.
Proposal 7: The total layer 2 buffer size for reduced capability NR devices should be larger than 150 kbytes and can be defined according to the peak data rate of UE categories defined for reduced capability NR devices.

Proposal 8: Reduced capability NR devices are not required to support UE processing capability 2.

Proposal 9: The complexity of CSI report can be reduced to simplify UE processing capability.
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