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1. Introduction
At the RAN Plenary meeting #71, the SID for FeD2D was agreed. The SID mentions the use cases for wearable devices to be considered in this SI as follows;
	The objective of this study item is to study enhancements to UE-to-network relaying and to the LTE D2D framework for applications targeting wearables use cases


In this document, we will investigate the ProSe operation for wearable devices.
2. Discussion
2.1. Scenario for wearable devices
In the current WID [1], it’s stated that “Until RAN#72, evaluate scenarios in RAN2 considering progress in SA WGs, and refine objectives accordingly”. So, it’s necessary to clarify the suitable scenarios for wearable devices in order to investigate the effective solutions in the WI phase. 

Regarding the coverage scenarios, it was agreed in RAN2 meeting #93bis that; 

	· The study item will study the following coverage scenarios: 

· 1) remote UE and relay UE are in-coverage 

· 2) relay UE has a Uu connection to the eNB and remote UE can be in extended coverage  (extended coverage implies that the UE is connecting to the network via Rel-13 MTC or NB-IoT in CE mode) 
· RAN2 assumes that out-of-coverage remote UE and PS specific requirements will not be included in the initial Study Item scope.


Observation 1: The coverage scenarios to be studied are for UEs in normal coverage or extended coverage.  The out-of-coverage scenario is not considered at this time. 
However, these scenarios only assume the coverage provided by the serving cell, i.e., Uplink and Downlink. Considering this study is mainly focusing on the wearable devices using Sidelink, it may also necessary to consider the coverage scenarios from the Sidelink point of view. 
Proposal 1: The scenarios should also be considered from the Sidelink point of view, in addition to uplink and downlink. 

In many cases, it may be assumed the wearable devices, e.g. watches, glasses, activity trackers etc, are very close to the owner’s smartphone, and the group of devices, i.e., the wearable device and the smartphone, would move together. Assuming the wearable device is the remote UE and the smartphone is the relay UE, it could be generalized as the Pro-Se UE-to-NW Relay operation. 
In the previous WIs [2]

 REF _Ref450765766 \r \h 
[3] and study [4], D2D UEs were assumed to be normal UEs like smartphones, wherein the minimum distance between D2D devices was equal to or more than 3m for the deployment scenario. Considering the use cases for wearable devices, these D2D devices are likely to be located in less than 3m from one another. Therefore, it’s necessary to introduce a new scenario whereby the D2D device (e.g., the wearable device) performs sidelink operation with other D2D device (e.g. the smartphone, other wearable device, or etc) at much closer range. 
Proposal 2: RAN2 should adopt the scenario whereby two D2D devices, i.e., the wearable device being the remote UE and the smartphone being the relay UE, are in close proximity and moves together. 

Proposal 3: If Proposal 2 is agreeable, the distance between the two D2D devices under the new scenario should be less than 3 meters. 

2.2. Requirements for wearable devices
Low transmission power operation

As mentioned in several documents in the last RAN Plenary meeting [5]
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 \* MERGEFORMAT [6][7][8][9], the requirement for long battery life is important for wearable devices, and it was confirmed in the last RAN2 meeting #93bis, that “The primary objective should be to address power efficiency for the wearable device (this is applicable to all UE categories).” [10]. 
As mentioned above, wearable devices will be close to other devices, and according to the power consumption model in ProSe TR [4] (or see Annex), the transmission power and the UE power consumption scales linearly, and the UE’s power consumption improves at lower transmission power. In particular, the power consumption is the relatively unchanged when the transmission power is below 0dBm. 

Observation 2: Based on the outcome of the Rel-12 study, the power consumption is relatively unchanged when the transmission power is below 0dBm. 

If Proposal 2 and Proposal 3 are agreeable, the existing power consumption model is no longer applicable since the ProSe communication model assumes the D2D devices can operate up to 3m apart. For the new scenario, it should be possible to further reduce the power consumption of wearable devices, e.g., with much low power amplifier or with shorter Tx duration. Additionally, such power efficient operation may reduce the interference to other devices and thus, it should also improve spectrum efficiency. According to the current specification [11], the sidelink transmission power is not determined by the PC5 link quality or the distance between the UEs, so some enhancements is needed to enable low transmission power operation.
Proposal 4: RAN2 should discuss how to reduce the power consumption and how to introduce the low transmission power operation for wearable devices.
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Figure 1 – Low transmission power operation

ProSe UE-to-NW Relay for wearable devices
If Proposals above are acceptable, it would be beneficial for the Remote UE (i.e. the wearable device) to be connected to the Relay UE (e.g. the smartphone) to reduce the remote UE’s power consumption. According to the Rel.13 ProSe WID [3], the previous motivation to introduce ProSe UE-to-NW Relay is different from this study [1], i.e. the coverage enhancement in Rel-13 and the power efficiency in Rel-14. Therefore, RAN2 should consider whether the criteria to initiate the ProSe UE-to-NW Relay operation should also be enhanced, i.e. whether the smartphone (Relay UE) and the wearable devices (Remote UEs) should be allowed to perform ProSe UE-to-NW Relay operations with the aim of reducing the power consumption of wearable devices.
Proposal 5: RAN2 should discuss whether the smartphone (Relay UE) and the wearable devices (Remote UEs) should be allowed to perform ProSe UE-to-NW Relay operation with the aim of reducing the power consumption of wearable devices. 
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Figure 2 - New criteria to initiate the ProSe UE-to-NW Relay
From the mobility perspective, according to the current specification [11][12], the Relay UE can maintain the relay connection if it fulfils the threshold criteria in SIB19 during the handover. Therefore, if the Remote UE moves together with the Relay UE and fulfils the threshold criteria, the relay connection, i.e. the one-to-one direct communication link on PC5, will be maintained. So the ProSe UE-to-NW Relay operation for the wearable devices can support mobility if the threshold criteria are appropriately configured.
Observation 3: ProSe UE-to-NW Relay operation for the wearable devices can support mobility if the threshold criteria are appropriately configured. 
Group mobility for wearable devices
As mentioned above, the wearable devices will move together with the smartphone. So, in the scenario for wearable devices, it may be beneficial for the smartphone and the wearable devices to connect/camp on the same cell from the perspective of time synchronization and the use of resources. However, according to the current specification [11]
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[13], each device performs handover or cell reselection independently. Therefore, if it is expected that the Remote UE and the Relay UE should always reference to the same serving cell, some enhancements to handover and reselection may be necessary.
Proposal 6: RAN2 should discuss whether enhancements to handover and reselection should be introduced to ensure the ProSe UE-to-NW Relay and the wearable devices have the same serving cell.
3. Conclusion 
In this contribution, we consider the ProSe UE-to-NW Relay operation for the wearable devices and we have observations and proposals as follows: 
Observation 1:
The coverage scenarios to be studied are for the UEs in normal coverage or extended coverage.  The out-of-coverage scenario is not considered at this time.
Proposal 1:
The scenarios should also be considered from the Sidelink point of view, in addition to uplink and downlink.
Proposal 2:
RAN2 should adopt the scenario whereby two D2D devices, i.e., the wearable device being the remote UE and the smartphone being the relay UE, are in close proximity and moves together.
Proposal 3:
If Proposal 2 is agreeable, the distance between the two D2D devices under the new scenario should be less than 3 meters.
Observation 2:
Based on the outcome of the Rel-12 study, the power consumption is relatively unchanged when the transmission power is below 0dBm.
Proposal 4:
RAN2 should discuss how to reduce the power consumption and how to introduce the low transmission power operation for wearable devices.
Proposal 5:
RAN2 should discuss whether the smartphone (Relay UE) and the wearable devices (Remote UEs) should be allowed to perform ProSe UE-to-NW Relay operation with the aim of reducing the power consumption of wearable devices.
Observation 3:
ProSe UE-to-NW Relay operation for the wearable devices can support mobility if the threshold criteria are appropriately configured. 
Proposal 6:
RAN2 should discuss whether enhancements to handover and reselection should be introduced to ensure the ProSe UE-to-NW Relay and the wearable devices have the same serving cell.
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5. Annex
Following is the power consumption model in the TR [4].
	A.2.1.6
Power consumption model

Following power consumption model shall be used. 

-
Sleep power = 0.01 unit per sub-frame

-
RX Power = 1 unit per sub-frame

-
TX power 

-
20 unit per sub-frame for 31 dBm 

-
1 unit per sub-frame for 0 dBm and below

-
Linearly scaled with transmit power between 1mW and 10^3.1mW

-
Assume 8 sub-frames are accumulated for synchronization with WAN

-
Synchronization is assumed to be reliable for 0.5s

-
GPS power = 0.08 unit per sub-frame

-
Average power consumption when GPS is used

-
Always on independently of other communications

This model is valid for both in-coverage, partial-coverage and out-of-coverage scenarios. Same values are to be used for D2D discovery, D2D communication, WAN signaling for D2D and non-D2D-related WAN signaling.

While stating power consumption state the number of sub-frames assumed for each type of power usage.

Paging cycle of 1.28 seconds is assumed.
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