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1
Introduction
Base mechanism of D2D communication was defined in Rel-12. In release, 13 enhancements to communications were made to provide UE to network relay support. Even though release 13 UE to Network relay also works in-coverage the main intention was to provide relay support for out of coverage and to reduce interruption threshold based in-coverage operation was introduced. Release 12/13 communication was focused for public safety; however, there is growing interest in commercial usage of D2D communication such as V2X, eMTC, and Wearable etc. In RAN Plenary #71, SID [1] was approved targeting commercial use cases of D2D with condition to streamline scenarios and use cases. In this document, we discuss scenarios and use cases of FeD2D.
2
Discussion
The FeD2D SID [1] has two main aspects to be further enhanced in LTE technology to enable D2D aided wearable and eMTC applications:

1. Enhancement of UE-to-Network Relaying functionality.

2. Enhancement to enable reliable unicast PC5 link to at least support low power, low rate and low complexity/cost devices.

To achieve full potential of D2D in commercial space, efficiency and cost will be the main driving force. eMTC and NB-IOT are targeted towards low cost low data rate applications. Even though various power saving optimisations have been performed e.g. eDRX, PSM, there is always interest for reduction of amount of power required to transmit data using radio technologies such as eMTC, NB-IOT. There are very wide varieties of use cases for eMTC devices. eMTC devices can be deployed in a very challenging radio environment such as deep inside a building. Massive TTI bundling in uplink and downlink is required to support data exchange with an eMTC UE, which is in a deep coverage. This massive TTI bundling can lead to huge resource utilisation and battery drain from the eMTC device. Low cost and requirement for very low power consumption (very long battery life) are two main constraints for eMTC devices, so it is essential to have more efficient mechanisms to support wide deployment scenarios including deep coverage. If eMTC and NB-IOT devices can use a relay then it can significantly reduce the power consumption. Usage of D2D relay helps in reduced amount of resource utilisation and power consumption as shown in motivation paper for FeD2D [2]. It is therefore important that eMTC and NB-IOT have D2D support. Operator controlled proximal communication using single mode solution for proximal and cellular communication has obvious advantage of lower cost and lower power consumption. eMTC and NB-IOT are technology verticals that can be used for any IoT uses cases including wearables. 

Proposal 1: RAN2 to study enhancements of eMTC and NB-IOT to support D2D.

2.1 PC5 based UE-to-Network Relay
2.1.1 Types of PC5 based UE-to-Network Relay
There are two types of PC5 based relays possible. 

1. Bidirectional UE-to-Network Relay.

· In this case, Relay UE is utilised to relay both UL and DL UE specific data to/from Remote UE. With bidirectional D2D link between Remote UE and Relay UE it is possible to completely remove massive TTI bundling in both uplink and downlink. It should be noted that remote UE is required to receive SIB(s) and paging directly from eNB. To support this form of relaying Remote UE is required to have both D2D transmission and reception capability along with Uu reception capability.   

[image: image1.png]Relay UE




Figure 1: Bidirectional relay
2. Unidirectional UE-to-Network Relay UE for uplink data

· In this case, Relay UE is utilised to relay only UL data from Remote UE. Due to this constraint, only massive TTI bundling in UL is avoided. However, advantage of this approach is low cost (similar to eMTC UE) because D2D transmission capability comes for free as it utilises same transmission chain for both Uu and D2D. Rel-13 ProSe UE-to-Network Relay is Layer 3 Relay, which can be enhanced to Layer 2 relay to assist eNB. Additional advantage of uni-directional relay is that UE-to-Network relay device does not suffer from half duplex issues of PC5 interface as it only receives on PC5 interface.
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Figure 2: Uni-directional relay

Depending upon the case UE can have either D2D transmission capability or both transmission and reception capability, whereas relay UE can be a normal UE with D2D transmission/reception and Uu transmission/reception capabilities.

2.1.2 Advantages of UE-to-Network Relay
Figure 3 shows battery life advantage for eMTC UE if uni-directioanl relay is used for Arad/Neptune water meter type usage (2Tx/day, 4KB/TX, Cat-M, 20dBm, 15Wh battery) 
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Figure 3: Advantage of D2D relay for Cat-M remote UE

Figure 4 shows advantage of D2D relaying for NB-IOT (traffic 1 Tx/Hr, 100B/Tx, 3dBm, 5Wh battery).
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Figure 4: Advantage of D2D relay for NB-IOT remote UE
Observation 1: D2D based Uni-directional UE-to-Network relay provides substantial gain in terms of power consumption for eMTC and NB-IOT remote UEs without increasing cost. Similar gains can be expected for bidirectional UE-to-Network relays.
Proposal 2: Study bidirectional and unidirectional D2D based UE-to-Network relays for eMTC and NB-IOT devices.

Wearables are getting increasingly complex and are moving towards independent operation with full LTE modems. They can utilise the proximity of smartphone to relay the data to opportunistically reduce the power consumption. eMTC or NB-IOT technologies can be used by wearables to relay its data and save power.
Observation 2: D2D based eMTC and NB-IOT can also be used by wearables.
It should be noted that some wearable may be shipped with BT/WiFi interface  and Uu interface. If the wearable uses Uu link all the time then it will result in power consumption. So reduce power consumption BT/WiFi link can be used to relay the data in case D2D based (PC5) link is not available.

Proposal 3: Study UE to network relaying over non-3GPP (BT/WiFi) access.

L2 relay provides mechanisms for eNB to know how to control and user plane packets of the remote UE, which results in better resource allocation and utilisation. L2 relay can be useful to provide QoS (when PC5 interface is used) and service continuity when remote UE switches the path from direct link to relayed link which are not possible in case of L3 relay. Impact to protocol stack and signalling procedure due to L2 relay needs to be investigated.
Proposal 4: Based on SA1 service requirement and in collaboration with SA2, study service continuity when UE-to-Network relay (PC5 or non-3GPP) is used.

Proposal 5: Study impact to standards when QoS is provided over UE-to-Network relay (PC5 based).
Proposal 6: Study potential impact to protocol stack, procedure and signalling mechanism because of L2 relay.
2.2 Sidelink enhancements
Rel-12/13 D2D communication (including UE-to-Network Relay) has following shortcomings:
· It is not compatible with NB-IOT waveform.  
· D2D requires receiver to receive D2D on UL, which leads to additional cost. 

· No feedback channel at PHY/MAC

· No power optimizations as it was designed primarily for public safety, which did not have power constraint.

To support more efficient, reliable and low cost/complexity D2D communication, above mentioned shortcomings needs to be removed.

Proposal 7: Identify mechanisms to enable more efficient, reliable and low cost/complexity sidelink over NB-IOT and eMTC.
SA1 has approved WID [3] for relay operation. Following objectives matches very closely with the proposals 1 to 7.
	· The communication between the remote UE and the relay UE to use either E-UTRA or WLAN.

· The 3GPP system to support a user traffic session of a remote UE to be relayed to the network via a relay UE.

Note: The remote UE has the functionality to directly connect to the EPC without a relay.

· Security related requirements for communication from the remote UE to the EPC.
· Service requirements on QoS for the services provided to a remote UE connected via a relay UE.

· Lower power consumption and lower complexity aspects for the remote UE.


Observation 2: SA1 WID has objectives very well aligned with proposal 1 to 7.
Observation 3: Proposal 1 to proposal 7 are very well aligned with the FeD2D SID [1].

3
Conclusion 

In this contribution we discussed scenarios for FeD2D, we propose:
Proposal 1: RAN2 to study enhancements of eMTC and NB-IOT to support D2D.
Proposal 2: Study bidirectional and unidirectional D2D based UE-to-Network relays for eMTC and NB-IOT devices.
Proposal 3: Study UE to network relaying over non-3GPP (BT/WiFi) access.

Proposal 4: Based on SA1 service requirement and in collaboration with SA2, study service continuity when UE-to-Network relay (PC5 or non-3GPP) is used.

Proposal 5: Study impact to standards when QoS is provided over UE-to-Network relay (PC5 based).
Proposal 6: Study potential impact to protocol stack, procedure and signalling mechanism because of L2 relay.

Proposal 7: Identify mechanisms to enable more efficient, reliable and low cost/complexity sidelink over NB-IOT and eMTC.
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