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Introduction
5G NR system is expected to provide ubiquitous connectivity to enable diversified services and applications with different requirements and design metrics, such as high throughput, low latency, extended coverage, battery life, etc. Particularly, R15 work primarily focused on eMBB and uRLLC use cases and established the framework for further NR evolution. The on-going R16 work further enhances uRLLC [1] and starts extending the NR framework to enable other verticals, such as NR unlicensed [2], non-terrestrial network [3], etc. It is expected and desirable that R17 work further enable other use cases and device categories. We believe one important use case is the support of wearable devices, e.g., smart watches, health monitor devices, etc., which are becoming increasingly popular and critical for the consumers market and industry.

In this contribution, we briefly discuss the limitations of existing R15/16 specification in supporting this device category, the design targets and requirements, as well as potential areas of enhancement in R17.        


[bookmark: _Ref18867229]General challenges and design targets for wearable
Existing R15 design and requirements are largely driven by eMBB/uRLLC. To enable the corresponding network performance and user experience  and to differentiate from exiting LTE networks in the initial NR deployment, the R15 specifications also mandate certain minimal requirements on UE, for example
· NR UE mandated to support a BW of 100MHz and 200MHz for FR1 and FR2, respectively.
· NR UE mandated to support 4 Rx antennas (and 4 layer MIMO) for NR bands above 2.5GHz and 2 Rx antennas for the rest in FR1
However, as R17 specification targets NR evolution and deployment beyond the initial 5G rollout, such requirements should also be relaxed to enable devices categories not primarily targeting eMBB services, such as wearables.
 
The main challenges in supporting wearables devices in cellular networks are battery life and coverage:
· Battery life: due to the typically small form factors of the wearable devices, the battery size in those devices are much smaller than regular smart phones. For example, the battery in a smart watch is roughly 1/10 of that of a typical smart phone. On the other hand, the integration of high-resolution color display and modern sensors/trackers are requiring more battery consumption as well. To guarantee excellent user experience, the battery life of wearable devices should be expected to last at least a day under normal usage before recharge.
· Coverage: the small form factors also limit the antenna dimensions and placement, leading to loss in antenna gain on the wearable devices. This unavoidably impact the coverage. However, it is also desirable that the wearable devices can achieve comparable coverage as other devices (e.g. smart phones) in the same cellular network deployment.
On the other hand, wearable devices also have different performance requirements than typical eMBB devices, which allow different design trade-offs. Specifically, we believe the following design targets might be suitable for the wearable devices:

· Target data rate: baseline can be at least 10Mbps for downlink and 5Mbps for uplink, simiar as existing LTE Cat-1. Higher peak data rate (e.g. similar as LTE Cat-4) is also desirable to enable certain applications and reduce device on-duration when radio condition allows. 
· Target spectrum and BW: should mainly focus (or at least prioritize) FR1. The mandated BW of 100MHz should be relaxed for the wearable devices, but a minimum of 10MHz or 20MHz BW should be supported in order to leverage existing NR design.
· Number of antennas: due to the limit in form factors of typical wearable devices, as well as relaxed data throughput requirements, the requirements on number antennas can also be relaxed. The supported number Rx antenna should be 1 or 2, depending on the band, and supported number Tx antenna should be 1
· Battery life: it is expected a single charge should last at least a day under typical usage for most wearable devices (e.g. smart watch).
· Latency requirements: most applications do not require the similar tight latency as uRLLC (i.e. 1ms RTT), but not as relaxed as the LPWA scenarios (i.e. RRT in order to seconds). It is still desirable that latency of ~10ms can be supported with reasonable data throughput to enable more advanced applications.


Potential enhancements 
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Figure 1 Direct link and side link relay for wearables
Direct link enhancement
An important benefit of NR-based wearable UE is the capability of seamless connectivity to the wide-area cellular network independent of other devices. However, a major challenge for the direct link connection to the cellular network is the coverage limitation, due to the antenna gain loss as discussed in section 2. Therefore, design enhancements to enable both control and data coverage will be necessary. On the other hand, the usage scenarios of wearable devices are also different from those LPWA devices, which require “extreme” coverage extension. The main target on coverage enhancements for wearable devices is largely to “recover” the coverage reduction due to antenna gain loss compared to normal eMBB devices (e.g. smart phones), and typically 10-15dB of enhancement should be desirable. This is roughly comparable to coverage enhancement (CE) mode-A designed for LTE.

Another challenge for the direct link connection for wearable devices is the battery life. As the battery size and capacity of those devices are substantially smaller than those of regular eMBB devices, specific enhancements are needed to extend the battery life of those devices when they are directly connected to the gNB. Potential enhancements may include extended DRX cycle and relaxed RRM requirements.

Proposal 1: R17 should specify relaxed UE requirements targeting wearable devices, and specify enhancements for coverage extension and power saving to enable wearable devices operating in NR network through direct link.  
 
Side link enhancement
A promising solution to address the battery power and coverage issue for wearable devices is UE-to-network relay over NR side link, when within proximity of another paired/discovered device (e.g. smart phone). This is particularly beneficial for uplink transmission from the wearable devices.
To support wearable-to-network relay over side link and improve UE power efficiency, the following design enhancement could be considered:
· efficient side link power control and CSI feedback is needed and may leverage a common framework as other NR-based side link services, such as NR V2X. 
· mobility and paging enhancement for wearables that anchored to a relay device (e.g. smart phone)
· DRX support over side link

[bookmark: _GoBack]Considering the benefits of maximizing common design with other use cases of NR side link, such as V2X, etc., the side link enhancement for wearable relay may not necessarily be specified in the same agenda item as the direct link enhancement for wearables.

Proposal 2: R17 should specify wearable-to-network relay for the wearable devices, for coverage recovery and battery life extension. 
Conclusion
Wearable devices will be important use cases for 5G NR commercialization. In this contribution we briefly discuss our views on the design challenges of wearable devices and potential areas of enhancement in R17. We propose the following:

Proposal 1: R17 should specify relaxed UE requirements targeting wearable devices, and specify enhancements for coverage extension and power saving to enable wearable devices operating in NR network through direct link. 

Proposal 2: R17 should specify wearable-to-network relay for the wearable devices, for coverage recovery and battery life extension. 
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