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1 Introduction
In RAN #86 meeting¸ new study item on support of reduced capability NR devices [1] was approved. 
As a baseline, the requirements for these three use cases 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).

The intention is to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above.

In this contribution, we discuss the standardization framework and principles for how to define and constrain the reduced capabilities for the reduced capability NR devices.

2  UE categories for reduced capability NR devices
In LTE, the field ue-Category defines a combined uplink and downlink capability. The fields ue-CategoryDL and ue-CategoryUL define downlink/uplink capability parameters set respectively. Parameters set by the field ue-Category and ue-CategoryDL / ue-CategoryUL include the following:
1) Downlink physical layer parameter values set: Transport channel parameters in downlink  Maximum number of bits of a DL-SCH transport block received within a TTI, Maximum number of DL-SCH transport block bits received within a TTI, Total number of soft channel bits), and Maximum number of supported layers for spatial multiplexing in DL.

2) Uplink physical layer parameter values set: Transport channel parameters in uplink (Maximum number of UL-SCH transport block bits transmitted within a TTI, Maximum number of bits of an UL-SCH transport block transmitted within a TTI), and Support for 64QAM in UL.

3) Total layer 2 buffer sizes

4) Half-duplex FDD operation type
5) RF  parameter (Maximum UE channel bandwidth)
In general, the peak data rate of each UE category is associated with several key factors: band/bandwidth combination, modulation and coding scheme (MCS) and number of MIMO layers. Similar as LTE, the peak data rate of the category claimed by UE needs to be achieved by at least one of the band/bandwidth, MCS and MIMO layer combination supported by the UE.  By definition of UE category, bundle information of bandwidth, modulation and coding scheme (MCS) and number of MIMO layers can be indicated to the network by using only one signalling instead of multiple explicit UE capability signalling.

For NR eMBB, due to the large range of peak data rate, one of the biggest problems of UE category is the granularity of the specified peak data rates and whether the specified UE categories and its associated peak data rate can properly represent class of UEs that vendors wish to implement. Due to limit of the number off UE categories to be defined, too coarse UE categories would have negative impact to the UE ecosystem. Alternatively, capability signalling can cover the target of different peak data rates. 
In RAN #77 meeting, RAN2 LS [2] discussed the UE capabilities and UE categories for NR. RAN2 agreed that an NR UE category (if defined) should not specify the number of MIMO layers nor the modulation scheme since those are anyway signalled as independent capabilities (like in LTE). Hence, a category would primarily define a data rate and possibly a soft buffer size. RAN2 assumed that the supported band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group (e.g. LTE MCG, NR SCG) and per UE. An explicit UE category would be necessary only if UEs should be enabled to indicate a data rate that is lower than the data rate achievable calculated based on the aforementioned parameters. 
The approximate data rate formula for NR is listed as following [3], 
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According to the specific requirement of three use cases, the data rate requirement may be lower than the data rate calculated based on parameters of maximum number of supported layers, maximum modulation order, bandwidth, and scaling factor. Besides the capability parameters, additional parameters such as maximum transport block size, soft buffer size, and total layer 2 buffer sizes may be needed for some use cases of reduced capability NR devices. 
Different from eMBB usage scenarios, specific requirements are defined for the three use cases of the reduced capability NR devices. For the three use cases of reduced capability NR UEs, it is much easier to define the granularity of peak date rate compared with eMBB use cases. By using UE category, bundle of independent capability parameters and additional parameters dedicated for reduced capability NR devices can be signalled in single signalling. It can avoid the unnecessary signalling overhead.

If using flexible capability signalling without binding with UE Category, there would be lots of UE types. For reduced capability NR devices, implementation of too many UE types is harmful for the ecosystem and the UE’s cost. Defining UE category for reduced capability NR devices can avoid market fragmentation. From ecosystem and market communication perspective, it is also necessary to define UE category for reduced capability NR devices. 
The simple way to identify the reduced capability NR devices that support the mentioned three use cases (industrial wireless sensors, video Surveillance, and wearables) is to define UE category/categories for such reduced capability NR devices. By defining UE categories for the reduced capability NR devices and additionally signaling of capability parameters, the UE capabilities and features of reduced capability NR devices can be reasonably chosen. During the discussion on whether to introduce definition of UE categories for NR, one reason against UE category is the endless increase of the number of UE categories in LTE. However, for reduced capability NR devices, due to the lower end capabilities, the possibility of introducing additional new UE category in future evolutions is very low.
Proposal 1: Define UE category/categories for the reduced capability NR devices.
As illustrated in the SID [1], the data rate requirement of industrial wireless sensors and economic video is not larger than 4 Mbps while the data rate requirement of high-end video and wearables are much higher. The peak data rate of wearables is 150 Mbps for downlink and 50 Mbps for uplink. 
For reduced capability NR devices, from the cost saving point of view, there is no need to support carrier aggregation. For frequency range FR1, if 
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= 106 (UE bandwidth = 20 MHz), then the downlink data rate is at about 113 Mbps for single layer transmission. If the maximum number of supported layers [image: image5.wmf])
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= 106 (UE bandwidth = 20 MHz), then the downlink data rate is at about 169 Mbps which is larger than the required 150 Mbps. If the maximum number of supported layers [image: image9.wmf])
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is 1, to achieve 150 Mbps downlink peak data rate, the UE bandwidth should be 40 MHz. For frequency range FR2, if the maximum number of supported layers is 1 and 
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= 66 (UE bandwidth = 50 MHz), then the downlink data rate can be up to 200 Mbps for single layer transmission.
Observation 1: For frequency range FR1, 
· For single layer transmission, to achieve 150 Mbps downlink peak data rate for wearables, the UE bandwidth should be 40 MHz.
· If the maximum number of supported layers is 2, UE bandwidth of 20 MHz can achieve 150 Mbps downlink peak data rate.
For frequency range FR1, if 
[image: image13.wmf])

(

j

m

Q

= 4, 
[image: image14.wmf])

(

j

f

 = 1, 
[image: image15.wmf]m

),

j

(

BW

PRB

N

= 106 (UE bandwidth = 20 MHz), then the uplink peak data rate is at about 60 Mbps. For frequency range FR2, if 
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= 66 (UE bandwidth = 50 MHz), then the uplink peak data rate is about 147 Mbps. Considering that the peak data rate requirement in uplink is 50 Mbps, uplink data rate is not the bottleneck.
Observation 2: For frequency range FR2, 50 MHz UE bandwidth with single layer transmission can meet the peak data rate requirement of reduced capability NR devices.

For the specific requirements of the three use cases of reduced capability NR devices, we can observe there has requirement gap. Compared with the use cases of wearables and high-end video, the bit rate requirement is relatively lower for industrial wireless sensors and economic video. The reference bit rate is less than 2 Mbps for industrial wireless sensors while the reference bit rate is 2~4 Mbps for economic video. If only single UE category is used for all reduced capability NR devices, since all three use cases should be supported for the reduced capability NRs, determination of the UE category should consider the highest requirement of all the three use cases. From the data rate formula for NR, we can see that the 
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(i.e., UE bandwidth) is a very key factor to calculate the 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. From the analysis in [4], reducing the maximum UE bandwidth provides significant cost savings due to reduced baseband processing. If single UE category is defined for frequency range FR1, the cost of low capability NR devices for industrial wireless sensors would be as high as that for wearables. For frequency range FR1, defining single UE category for all three use cases is not beneficial for complexity reduction and cost saving.
Observation 3: For frequency range FR1, defining single UE category for all there use cases is not beneficial for complexity reduction and cost saving.
Different UE categories could be defined for different use cases, mainly based on data rate. The lowest capability considered for reduced capability NR devices should be no less than an LTE Category 1bis modem. Since the UE bandwidth of LTE category 1bis is 20 MHz, it implies that UE bandwidth of reduced capability NR devices should be no less than 20 MHz.   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 except for use case of wearables. As we know, too many UE types would increase the UE implementation cost. From cost saving point of view, the UE categories for reduced capability NR devices with similar capability should be limited as much as possible. For frequency range FR1, to compromise from the point of cost saving and number of UE categories, two UE categories can be considered for reduced capability NR devices based on data rate requirement. For frequency range FR2, 50 MHz UE bandwidth can meet the data requirement of all three use cases. Hence, single UE category is considered for reduced capability NR devices for frequency range FR2. 
Proposal 2: For reduced capability NR devices, two UE categories can be defined based on data rate requirement for frequency range FR1 while one UE category is defined for frequency range FR2.

For reduced capability NR devices, specific requirements are defined for each use case. For a given reduced capability NR device, it is meaningless to flexibly combine downlink requirement of one use case and uplink requirement of another use case. Hence, there is no need to define DL UE category and UL UE category respectively. Each UE category can include both downlink and uplink capability parameters. 
Proposal 3: For reduced capability NR devices, each UE category defined includes both downlink and uplink capability parameters.
3 Conclusions

In this contribution, we have discussed framework and principles for reduced capability NR devices. We make the following observations and proposals:
Observation 1: For frequency range FR1, 
· For single layer transmission, to achieve 150 Mbps downlink peak data rate for wearables, the UE bandwidth should be 40 MHz.
· If the maximum number of supported layers is 2, UE bandwidth of 20 MHz can achieve 150 Mbps downlink peak data rate.
Observation 2: For frequency range FR2, 50-MHz UE bandwidth with single layer transmission can meet the peak data rate requirement of reduced capability NR devices.

Observation 3: For frequency range FR1, defining single UE category for all there use cases is not beneficial for complexity reduction and cost saving.
Proposal 1: Define UE category/categories for the reduced capability NR devices.

Proposal 2: For reduced capability NR devices, two UE categories can be defined based on data rate requirement for frequency range FR1 while one UE category is defined for frequency range FR2.

Proposal 3: For reduced capability NR devices, each UE category defined includes both downlink and uplink capability parameters.
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