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1 Introduction

In RAN #71 meeting, it was agreed to study a new SID [1] on “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” with the following objectives. 
Until RAN#72, evaluate scenarios in RAN2 considering progress in SA WGs, and refine objectives accordingly.
1. Study and define a generic UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a remote UE via a relay UE. [RAN2]

a. Study the possibility of  a common solution supporting the following use cases:[RAN2]
i. UE to network relaying over non-3GPP access (Bluetooth/WiFi), where E2E QoS may not be guaranteed. 

ii. UE to network relaying over LTE sidelink. Assess standard impact of E2E QoS. 

iii. Unidirectional and bidirectional UE to network relay.
b. Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple remote UEs via a relay UE.[RAN2, RAN3] 

c. Path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity [RAN2, RAN3]. 

2. Study necessary LTE sidelink enhancements.
a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1].

b. Identify mechanisms to enable more efficient, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].
In SA#71 meeting, a new WID on Wearable device using LTE [2] and its exception [3] were approved to support remote UE access via relay UE. 
It was approved that companies continue to refine the objectives according to the progress in SA WG. In this contribution, the commercial scenario and use case for FeD2D considering the progress in SA WG will be discussed and the further objectives is refined.
2 Discussion
2.1 Scenarios
Wearable Devices
Nowadays, the wearable devices have been widely used by consumers with strong communication requirement. The wearable market is growing quickly, which may bring billions of potential connections in the further. However most of wearable devices connect to network via a smart phone by Bluetooth and Wi-Fi and they are out of control of operator network. It is not possible for operators to manage this kind of potential connections and get revenue from them. At the same time, it is not a secure data transmission since the data from wearable devices are exposed to the smart phone. And service continuity cannot be guaranteed. There is a need to expose the potential billions of connections to operators and improving consumer user experience to add more value to the service. Comparing with Bluetooth and Wi-Fi solution, L3 UE relay solution defined in R13 may problems mentioned above ([5]), too. 
Observation 1: Scenario and requirement on exposing potential billions of connections to operators and improving consumer user experience exist.
In SA1, UE relaying communication for IoT device was studied as one of the use case within SMARTER SI. A device can communicate directly with the network by 3GPP RAT, or communicate with the network through a nearby smart phone using short-range link which can be either 3GPP RAT or non-3GPP RAT.  A typical example of such a relay device would be a wearable device such as a smart watch, but other classes of IoT devices could benefit from the same services. An overview of the connectivity scenarios is shown in Figure 1.
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Figure 1: Overview of Massive IoT support [4]
The wearable devices are especially well suited to the relaying scenario shown  in Figure 1, because they are almost always close to the owner’s/wearer’s smart phone. According to the market investigation, wearable devices consumers showed strong interesting in the cellular connection capability to ensure they can connect to network in case there is no smart phone nearby, e.g., jogging in the park. With the cellular connection, both service continuity and management from EPC could be supported.  These use cases and related requirements were developed in the 5G discussions in SA1, the same considerations would apply for LTE evolution.

We could assume that wearable devices discussed in the SI have a cellular connection capability. For the cases without SIM card and without cellular connection capability, they are out of the SI scope. 
Observation 2: it is assumed that wearable devices discussed in the SI should have a cellular connection capability with a SIM card as a normal UE.
In the figure 1, the short range link could be 3GPP or Non-3GPP. Considering power efficiency is very important for wearable devices and Bluetooth/Wi-Fi as short distance communication technology has already been widely supported in terminals, a generic layer 2 UE-to-Network Relay architecture to adopt both Non-3GPP and 3GPP transportation methods is preferred. The current text of the SID only refers to WLAN and LTE sidelink, but a transport agnostic architecture could be used to allow any other technologies in the future.

Proposal 1: A generic layer-2 UE-to-Network Relay architecture to adopt both Non-3GPP and 3GPP transportation methods is preferred. 
Massive IoT
Massive IoT scenario is identified to be one of the most important applications in the coming 3GPP releases. The mIoT scenario can be de-prioritized currently in Rel-14 since the vertical use case of IoT may be variable and more aiming to further releases. However, a relay solution designed for wearable device use can also help other IoT cases including future mIoT deployments.

In the scenario with massive IoT devices, it is not efficient for all the devices to connect to eNB directly due to radio link capacity limits.  Many IoT devices have very low duty cycles, so it would be a waste of battery power to keep them in connected mode on the Uu interface. The overhead/power impact of the extra signaling for connection setup is a significant problem for the devices to send only a small burst of traffic (this was a major consideration in the design of NB-IoT as well).  So a solution that would keep the mIoT devices where they can communicate with the network, without too much drain on the device batteries or extra connection control from the massive number of devices, is important to both the devices and the network.

A relay UE could aggregate individual connections towards the eNB, and reduce the overhead and power consumption accordingly. For IoT use cases, the use of a UE relay could be opportunistic (e.g., sensors in a workplace might relay through employees’ phones when the workers happen to pass nearby), and/or an opportunity to avoid the expensive network planning of a network relay node.
Proposal 2: It is preferred to support efficient connection for massive devices.
2.2 Services
According to section 5.25 in [6]the following service shall be supported by wearable communication:
1)The 3GPP system shall support real time services (e.g. real time voice and/or real time video) for a UE (e.g. wearable device), whether it’s connected to the network directly or via another UE (e.g. smart phone).
2) The 3GPP system shall support data transmission services for an UE (e.g. wearable device), whether it’s connected to the network directly or via another UE (e.g. smart phone).
And According to section 5.1.2.2 in TS22.861, the data transmission size of the wearable device may range from very small data size to bulk data size.
Observation 3: The real time voice and non-real time data transmission shall be supported by wearable device.
Almost wearable device has limit form factor, which means a small battery capacity, e.g. 300mAh for smart watch and band. In this rel-14, we’d better concentrate study on the small data traffic service because this type of wearable devices are dominant in the market..
Proposal 3: It is preferred to support two kinds of services -VoIP and small data size for wearable device. The Maximum data size is FFS.
2.3 Discussion on coverage
In Last RAN2 meeting， RAN2 reach the following agreement：

From these agreements，it is clear that the out-of-coverage wearable UE is excluded from the SI scope. However the agreement is not clear for in coverage scenario:    “Relay UE with a Uu connection means that the relay UE can be in the normal coverage or in the extended coverage area”. So we want to clarify the confusion of the agreement.
There are 2 types of coverage scenarios for relay UE and remote UE if at least one of them in extended coverage area.
Case a: Relay UE in coverage, remote UE in extended coverage
Case b: Both Relay UE and remote UE in extended coverage
Mostly the human with a wearable device locates in normal coverage of eNB, but it can’t avoid some situation such as a man running in the extended coverage area. So the remote UE is extended coverage make sense for wearable communication.
As for the case that relay UE is in extended coverage, the relay UE has worse link quality and it need do large repetitions for data transmission. The relay UE’s forwarding data packet for wearable device looks silly because the wearable device can pairing a relay UE with better link quality in normal coverage. 
 So we propose:
Proposal 4: The relay UE in extended coverage should not be included in SI scope.
2.4 Options of routing selection
	
	Cellular path
	Relay path
	Description

	
	CP
	UP
	CP
	UP
	

	case 1
	X
	x
	
	x
	 After wearable UE find a relay UE,  eNB established a relay path for this device in order to keep better user experience. The cellular link is backup.

	case 2
	X
	
	(x)
	x
	Wearable UE connects to eNB firstly, and then eNB establish UP RB in relay path.

	case 3
	
	
	x
	x
	Wearable UE connects to eNB through relay UE, and does not maintain any direct connection with eNB.


Table 1 cases list
The work assumption is that wearable UE has capability of bi-directional connection with eNB and relay UE. Table 1 lists three cases for wearable communication according to the above work assumption.
Case1 is high spectrum efficiency and better user experience due to seamless handover if one path occurs something wrong. The disadvantage is more power consumption for wearable UE.
Case 2 is simpler than case 1 because the CP and UP is divided. 
Case 3 is the lowest power consumption case but needs bigger standard change than case1 &2.
Proposal 5:  The use cases in Table 1 should be included in the SI scope.
2.5 UE categories
In RAN2 #93bis meeting, the type of wearable was discussed. The conclusion regarding UE category is as follow:
· The primary objective should be to address power efficiency for the wearable device (this is applicable to all UE categories).  Bit rate improvements are not excluded

· RAN2 will not limit the scope of the SI to a certain UE category as a starting point (i.e. any UE category can be considered and dependent on SA1)

For wearable devices, if they are relayed by smart phone to access the network. The connection with short range between wearable devices and the smart phone can save the power of wearable devices. From power efficiency point of view, wearable device relayed by smart phone should belong to the kind of UE category with low power consumption. The UE category of werable device can be no restrictions also a new kind of UE category. For Wearable Device acting as remote UE, no restrictions as to category, we only assume it can support the short range interface with relay UE. For massive IoT devices, the complexity of channel and signal design used for massive IoT devices would be kept as simple as possible. In the same way, no restrictions as to UE category should be considered for massive IoT devices, we can also only assume it can support the short range interface with relay UE. 
For the relay UEs, that are used to forward data for wearable device or massive IoT devices. For massive connections, the relay UE would have larger burden to setup the huge number of connections. In some cases, management functions or scheduling like mechanisms, and other enhanced capability should be enabled for relay UE. To support these functions and mechanisms, the relay UE may need to equip powerful antenna and extended soft buffer. So from the relay UE perspective, it can be assumed as an enhanced UE or at least a regular UE with higher level UE categories, i.e. Category 1 or category >1. 
Observation 4: For wearable UE, no restrictions to UE category, we only assume it can support the short range interface with relay UE.
Observation 5: For relay UE, assume it is a “regular” UE, i.e. Cat 1 or above.
Proposal 6: UE categories for Relay UE and remote UE should be separately considered.
3 Conclusion

In this contribution, the scenario and use case for FeD2D are discussed. There are comprehensive commercial uses cases for FeD2D, which could be enabled in Rel-14. Based on the discussion and analysis, we have the following observations:
Observation 1: Scenario and requirement on exposing the potential billions of connections to operators and improving consumer user experience exist.
Observation 2: it is assumed that wearable devices that we discussed in the SI should have a cellular connection capability with a SIM card as a normal UE.
Observation 3: The real time voice and non-real time data transmission shall be supported by wearable device.
Observation 4: For wearable UE, no restrictions as to UE category, we only assume it can support the short range interface with relay UE.
Observation 5: For relay UE, assume it is a “regular” UE, i.e. Cat 1 or above.
And we have the following proposals:
Proposal 1: A generic layer-2 UE-to-Network Relay architecture to adopt both Non-3GPP and 3GPP transportation methods is preferred. 
Proposal 2: It is preferred to support efficient connection for massive devices.
Proposal 3: It is preferred to support two kinds of services -VoIP and small data size for wearable device. The Maximum data size is FFS.
Proposal 4: The relay UE in extended coverage should not be included in SI scope.
Proposal 5:  The use cases in Table 1 should be included in the SI scope.
Proposal 6: UE categories for Relay UE and remote UE should be separately considered.
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=>	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.  SA1 can continue discussions as per their SI scope and if they include out-of-coverage or PS specific requirements RAN2 can discuss their inclusion and prioritization at a later stage.








