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1 Introduction
In RAN #73, the feD2D study item was initiated on “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” [1].
The motivation of this study item is to study enhancements to Prose UE-to-network relaying and to the LTE device-to-device (D2D) framework for commercial and public safety applications such as wearable devices. It is assumed that evolved Remote UEs can support both wide area network (WAN) and D2D connection and that evolved Remote UEs have 3GPP subscription credentials. The D2D connection is realized by either LTE sidelink or non-3GPP technology. All non-3GPP technologies should be considered transparent for generic relay architecture over them. The primary objective of the study is to address power efficiency for evolved Remote UEs (e.g. wearable devices).
The study should utilize output from SA1 as a baseline [2], and the detailed objectives are as follows [1]:

a) Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1, RAN2].

b) Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
In this contribution, additional evaluation assumptions to the sidelink evaluation methodology for feD2D are discussed.
2 Additional evaluation assumptions
RAN1 feD2D initiative is to study the enhancements to the LTE D2D framework. The evaluation assumptions reached in Rel-12 D2D and Rel-13 D2D can be reused to a great extent, such as the dropping and association for Unicast/group cast/broadcast, the channel model, in-band emission model and power consumption model. Considering IoT and Wearable services, some additional evaluation assumptions should be considered.
2.1 Coverage scenarios
As described in [2], the three coverage scenarios are focused as follows:
· Scenario 1: evolved ProSe Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage;

· Scenario 2: evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved ProSe Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via Rel-13 MTC in CE mode);
· Scenario 3: evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved ProSe Remote UE is out of coverage of EUTRAN
In scenario 1 , UL data of  evolved ProSe Remote UE can be relayed by evolved ProSe UE-to-Network Relay UE nearby for sake of  power saving.

In scenario 2, communication link of Remote UE to eNB may be bad and both UL data and DL data can be relayed by a UE-to-Network Relay UE, which has a good link to the network.

In scenario 3, signal and data can be relayed by a Relay UE in coverage, so that the communication link is established, allowing the coverage to be extended.
Same as Rel-12 and Rel-13 D2D, discovery and communication procedures are also needed in feD2D sidelink in the coverage scenarios. For example, when wearable devices start to work, it may necessary to make sure there is a proper relay UE to establish connection.
Observation1: The evaluation assumptions in Rel-12 and Rel-13 D2D should be reused for feD2D to a large extent.
2.2 UE dropping and deployment
Similar to Rel-12 and Rel-13 D2D UE, feD2D UE can be deployed inside home as well as outside. The number of the low cost device such as Internet of Things (IoT) or machine type communications (MTC) may be thousands or more. Taking MTC evaluation UE numbers as an example, the density of feD2D UE may be thousands or much larger as shown in Table 1 and Table 2 [3].

Table 1: MTC density in urban (London)
	Case
	Household Density per Sq km
	ISD (m) 
	Number of device within a home 
	Number of homes within a cell 

	Dense Urban
	[4275]
	[500]m
	3
	[926]

	Urban
	[1517]
	[1732]m
	3
	[3941]


Table 2: MTC density in urban (Tokyo)
	Case 
	Household Density per Sq km
	ISD (m) 
	Number of device within a home 
	Number of homes within a cell 

	Dense Urban
	[7916]
	[500]m
	3
	[1714]

	Urban
	[2316]
	[1732]m
	3
	[6017]


So, it can be seen that there are a large number of low cost devices in a cell. Besides, there may be more than 10 wearable devices within the home, which may use the smartphone as an evolved ProSe UE-to-Network Relay UE. So it is reasonable to drop more UEs in a cell.
Proposal 1: Different from Rel-12/Rel-13 D2D, larger number of UEs will be dropped in a cell and more UEs may participate in D2D communication for feD2D and the number is FFS.
2.3 Enhancement communication schemes in feD2D
To support applications such as IoT and wearable devices, the legacy D2D should be enhanced in three aspects:
1. evolved Remote UEs
· Different from legacy D2D remote UE, low cost, low complex and low energy should be taken into consideration. For example, the remote UE can support narrow band sidelink.
2. evolved ProSe UE-to-Network Relay UE

· Correspondingly, feD2D relay UE may establish connection between many remote UEs and network at the same time. The relay UE can support LTE sidelink or non-3GPP technology.
3. Sidelink

· In order to enable Qos and more reliable communication, unicast with link adaption should be considered on sidelink. 

Proposal 2: Narrow band sidelink and unicast with link adaption need to be considered for feD2D.

2.4 Traffic model
A requirement is described in  TR36.746” The relay solution shall support different traffic types including VoIP, streaming services, instant messaging, small data, MTC traffic etc. in an efficient manner”, thus more traffic models should be supported. For evaluation of MTC and wearable applications in feD2D, the traffic models can refer to MTC partly as shown in Table 3 and Table 4 [3].
Table 3: UL regular reporting traffic characteristics for low-cost MTC

	Use cases
	UL interval
	Packet (bits)
	Mobility

	No mobility
	1min (optional)
5min, 30min,1hour
	1000, optional 10000
	Static

Pedestrian (optional, no seamless handover requirement)

	Limited mobility
	5s (optional)
10s,30s
	1000
	Vehicular (no seamless handover requirement)


Table 4: MTC traffic model

	Traffic model parameter (UL and DL)
	Value

	Traffic volume size distribution (Triggered)
	256 bits,1000 bits

	Traffic inter-arrival time (Triggered)
	Exponential: Mean = 30secs*


Similarly, both periodic traffic and triggered traffic should be considered. The packet size can be 100bits to 1000bits.
Proposal 3: Both periodic traffic and triggered traffic should be considered. The packet size can be 100bits to 1000bits, details are FFS.
2.5 Performances Metric
Per-user or system throughput is always important metrics for consideration. Besides, the metrics defined in Rel-12/Rel-13 D2D, and other metrics need to be further considered. For feD2D, energy of remote UE is always limited, so power saving methods is very important and energy consumption metric becomes critical in order to achieve target performance metrics for MTC and wearables use cases. Furthermore, communication latency should also be considered. 
Proposal 4: In addition to the metrics defined for Rel-12/Rel-13 D2D, energy consumption should be considered.
3 Conclusions

In this contribution, we provided some evaluation assumptions to the sidelink evaluation methodology for feD2D. Based on the discussions we have the following observation and proposals and:
Observation1: The evaluation assumptions in Rel-12 and Rel-13 D2D should be reused for feD2D to a large extent.

Proposal 1: Different from Rel-12/Rel-13 D2D, larger number of UEs will be dropped in a cell and more UEs may participate in D2D communication for feD2D and the number is FFS.

Proposal 2: Narrow band sidelink and unicast with link adaption need to be considered for feD2D.

Proposal 3: Both periodic traffic and triggered traffic should be considered. The packet size can be 100bits to 1000bits, details are FFS.

Proposal 4: In addition to the metrics defined for Rel-12/Rel-13 D2D, energy consumption should be considered.
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