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RAN#71 initiated a study item on FeD2D [1] to study the application of D2D to low cost devices such as wearables. There are two main aspects to be further enhanced in LTE technology to enable D2D aided wearable and MTC applications [2]:
· Enhancement of UE-to-Network relaying functionality
· Enhancements to enable reliable unicast PC5 link to at least support low power, low rate and low complexity/cost devices.
The first aspect is mainly related to RAN2 work and has no RAN1 impact. For the second aspect, the following RAN1 related objectives are listed in [2]:
Study necessary LTE sidelink enhancements.
· Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1,RAN2].
· Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4]
In this contribution, we discuss RAN1 design aspects for FeD2D, and identify the potential issues which the SI should focus on. The evaluation assumptions are discussed in a companion contribution [3].
Discussion on scenarios
Three coverage scenarios for this SI are identified in SID [2]:
· Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage. 
· Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IoT or Rel-13 MTC in CE mode).
· Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.
From these scenarios, it is implied that the LTE sidelink enhancement should focus on UE-to-Network relay use case. Thus, supporting of sidelink unicast communication between two remote UEs anchored to the same relay UE should be deprioritized. 
Both the SID and TR36.746 [4] do not discuss the operation frequency band for PC5 link; however, since there is no specific objective to study coexistence mechanism with other techniques, it implies that transmission in the licensed band is prioritized.
With respect to usage of spectrum, both inband relay and outband relay should be supported.
Proposal 1:
· LTE sidelink enhancement should focus on UE-to-Network relay use case;
· The SI should focus on licensed band for PC5 link at least for commercial use;
· Both inband relay and outband relay should be studied for UE-to-Network relay.
In addition, there are various wearable & IoT devices and use cases that have diverse requirements. For example:
· Various UE types with different capabilities such as power level
· Sensors, smart watch, VR/AR devices, etc.
· Various requirements
· Data rate, QoS, power consumption, etc.
· Various number of sidelink connections
· For wearable scenario, there may be fewer than 5 devices connecting with a mobile phone
· For IoT scenario, there may be a large number of devices connecting with a relay UE
Physical layer design for sidelink unicast enhancement should take these diverse requirements and communication capabilities into consideration.
Proposal 2: Sidelink unicast enhancement should take into account requirements and communication capabilities from all types of wearable devices.
Discussion on physical layer design
The objective “Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink” in [2] is quite broad. In this section, we make detailed analysis based on the scenarios and use cases discussed above. 
QoS
QoS is mainly related to RAN2 work. However, some of the RAN1 solution can affect QoS. For example, the accuracy of CQI feedback is an important constraint for resource scheduling algorithm, which will impact QoS.
Reliability
To achieve an acceptable reliability is primarily providing enhancements for sidelink unicast. For commercial use with low power consumption requirement, the blind retransmission approach used in R12/R13 D2D is not suitable. The following mechanisms should be studied for sidelink unicast communication:
· Link adaptation mechanism
· Adaptive MCS, resource selection
· Measurement and feedback mechanism
· Sidelink channel quality measurement, HARQ design (timing and procedure)
Another factor is resource allocation, where a new resource allocation mode may need to be studied. If a remote UE is out of network coverage, according to R12/13 D2D, Mode 2 resource allocation will be used. However, resource collision among remote UEs will degrade the reliability. With mode 1 resource allocation, the role of the relay UE should be studied. For example, whether the relay UE can autonomously schedule resources should be clarified. 
Low complexity/cost
Low complexity is one of the key attributes of wearable and MTC use cases. The SID has stated that low cost D2D devices can be enabled by reusing the ideas developed during NB-IoT and eMTC studies. In our understanding, there may be two different routes to achieve this goal. One route is studying a narrow working bandwidth such as 6 PRBs for sidelink and investigating simplified channel & signal design derived from (e)MTC/NB-IoT. The other route is studying enhancements for sidelink communication between two (e)MTC/NB-IoT devices. Given the time budget for FeD2D RAN1work, the first route is more feasible. In addition, there may be not enough time to study reusing ideas developed for NB-IoT for sidelink communications.
Since coverage enhancement is not an issue for UE-to-Network relay, mechanisms such as TTI bundling and retransmission for (e)MTC should be removed. In other words, narrowband sidelink in relay link should focus on reducing complexity and power consumption instead of enhancing coverage.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Low energy
From our understanding, low energy is actually power efficient, which can include two aspects: power control and power saving. Closed loop power control is an effective way to reduce transmission power, and it can be designed together with a link adaptation mechanism. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Power saving is an important part of system design enhancement for FeD2D. This is naturally due to the fact that a wearable device or a smart phone normally has limited resources, in terms of computational capacity, battery, etc. Power saving for wearable devices and smart phones can be considered respectively:
[bookmark: OLE_LINK18]Power saving for remote UE
[bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]For wearable devices acting as remote UE, how to select an appropriate relay UE can have significant impact on power consumption. For example, wearable devices can select the nearest relay UE, the best capacity relay UE, or the best channel quality relay UE according to their capabilities to realize the low power consumption. Adaptive DRX design for different traffics can also be considered.
Power saving for relay UE
For the relay UEs, they are used to forward data for wearable device or massive IoT devices. The number of connections differs greatly in these two cases and the management burden is different. Optimized access mechanism to support both cases should be studied. 
As a summary, Table 1 lists some gaps between current D2D and enhancement for FeD2D from RAN1 aspect.
[bookmark: _Ref471984610]Table 1 Gaps between current D2D and enhancement for FeD2D
	
	R12/13 D2D
	Enhancement for FeD2D

	Communication type
	Broadcast/Groupcast
	Unicast

	Retransmission
	Blind retransmission
	Feedback, HARQ optimization

	Link adaptation
	No
	Adaptive MCS, Tx power, resource

	Power control
	Open loop
	Closed loop

	Data rate
	Low
	Diverse

	Power consumption
	Impacted by blind retransmission
	Need to consider power saving solution

	Complexity
	Not optimized for Wearables and IoT devices
	Simplified channel design and signal design;
Narrow band sidelink

	Operation bandwidth
	Full band
	Need to support variable operation bandwidth

	Resource allocation
	Mode 1 and Mode 2
	Relay UE assisted resource allocation


Based on the above discussion, we propose to focus on following RAN1 aspect for FeD2D SI:
Proposal 3:
The following aspects should be prioritized:
· Study enhancements on sidelink unicast communication, including link adaptation, measurement and feedback, resource allocation, etc.
· Study mechanisms to enable power efficient operation for sidelink, including power control and power saving mechanism for both remote UE and relay UE
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]Study mechanisms to enable low complexity/cost sidelink, including narrowband sidelink and mechanisms derived from (e)MTC
[bookmark: _Ref129681832]
Conclusions
In this contribution, we discuss our understanding on scenarios and RAN1 work scope. Based on the discussion, we make the following proposals:
Proposal 1:
· LTE sidelink enhancement should focus on UE-to-Network relay use case;
· The SI should focus on licensed band for PC5 link at least for commercial use;
· Both inband relay and outband relay should be studied for UE-to-Network relay.
Proposal 2: Sidelink unicast enhancement should take into account requirements and communication capabilities from all types of wearable devices.
Proposal 3:
The following aspects should be prioritized:
· Study enhancements on sidelink unicast communication, including link adaptation, measurement and feedback, resource allocation, etc.
· Study mechanisms to enable power efficient operation for sidelink, including power control and power saving mechanism for both remote UE and relay UE
· Study mechanisms to enable low complexity/cost sidelink, including narrowband sidelink and mechanisms derived from (e)MTC
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