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1
Introduction
In this contribution, we discuss the gains that a LTE based D2D discovery has over alternate techniques. In particular, in Section 2, we demonstrate gains over solutions based on the unlicensed spectrum (i.e. over WiFi Direct and Bluetooth), and in Section 3, we demonstrate gains over discovery using the over the top techniques. We compare a candidate design [2] with other approaches for power consumption, link budget, resource overhead and coverage that the solution provides. The comparison is summarized in the table below.
Table 1 Technology comparison summary
	
	LTE D2D
	Unlicensed technologies
	Over the top

	Power consumption 
	0.012 units
	~ 1 unit
	> 0.08 units (GPS)

	Link budget
	131 dB
	111 dB or less
	N/A

	Typical Range (Based on Outdoor NLOS model at 2 GHz [1])
	350 m
	 125 m or less
	Not limited

	Resource overhead
	< 1 %
	N/A
	Significant

	Coverage
	Ubiquitous
	Ubiquitous
	Coverage holes (e.g. indoors with no GPS coverage)


2
Comparison with unlicensed spectrum techniques

Technologies, including Wi-Fi and Bluetooth, support direct D2D communication including a version of D2D discovery

and communications. Specifically, the latest ratification of IEEE 802.11n has included Wi-Fi direct, which enables

direct D2D communications using Wi-Fi without any infrastructure support. Both these technologies are based on asynchronous protocols running on unlicensed spectrum, and have some common problems when energy efficient device

Discovery over a large range is required. In comparison, the proposed LTE D2D discovery protocol [2] is built on a synchronous OFDMA based physical layer, which takes full advantage of the synchronicity and the flexibility in Frequency Domain Multiplexing. 
2.1 Link budget

Wi-Fi uses a TDM approach to share the channel among devices. The Wi-Fi PHY layer is designed to have a short range to increase spatial reuse (as the same PHY is also used for data transfer, and not just discovery) and also to support a high data rate so that the device can quickly finish transmitting.

On the other-hand, the LTE D2D discovery signal [2] is sent over an RB for duration of one sub-frame.  In practice, a device is constrained with peak transmission power, e.g., typically 23 dBm. Therefore, the longer the transmission duration, the more the total energy can be radiated. In other words, the effective data rate of LTE D2D discovery is about 104 Kbps which is much lower than the lowest data rate in 802.11n of 6 Mbps which leads to a much longer range.  Another benefit of using the SC-FDMA is the low peak to average power ratio (PAPR), leading to a boost of about 3 dB in transmit power for the same power amplifier operating point. The difference is about 20 dB improvement in link budget for LTE-D over Wi-Fi.
Similarly, Bluetooth was designed to be a short range wireless technology typically using much lower transmit power as well as high receiver sensitivity, leading to a much lower link budget. 
	
	LTE D2D Discovery
	WiFi Based Discovery
	Bluetooth based discovery

	Transmit power (dBm)
	23
	20
	9.5 [4]

	Receiver sensitivity (dBm)
	-108.5
	-91 [4]
	-92 [4]

	Link budget (dB)
	131.5
	111
	101.5


Observation 1: An LTE based discovery solution will have a 20dB+ gain over competing technologies that use unlicensed spectrum. 

2.2 Power consumption

To a first order, power consumption of a UE is given by the “on” time. In particular, since for most discovery protocols, a UE spends more time receiving than transmitting. So, the power consumption is dominated by the receive power consumption. In a LTE D2D based solution, UEs use synchronization from the network to operate in a power efficient manner. This leads to reduced power consumption with about 0.012 units of power consumption for (29 sub-frames every 20 seconds allocated to discovery).  

However, unlicensed technologies do not have system wide synchronization and employ an asynchronous communication protocol.  This means that to implement something comparable to LTE D2D discovery, a UE needs to stay constantly awake in order to be able to receive asynchronous discovery messages.  This leads to about 1 unit of power consumption according to the RAN power consumption model. 
We note that recent advances in Bluetooth, in particular, incorporating Bluetooth low energy do not the constant scanning, but transfer the burden to the transmitter by having more frequent transmission. However, the protocol, is still an asynchronous protocol, and will lead to more power consumption compared to a synchronous protocol.

Observation 2: Asynchronous unlicensed technologies require constant monitoring, leading to significant power consumption.
3
Comparison with over the top techniques

The over the top techniques for device discovery have two main components:

1. On device GPS to determine device/user location

a. We note that other location techniques might be comparable to GPS, but their availability is limited because they are not widely deployed
2. Signaling on UL and DL to a database for tracking location and interests in order to perform  proximity discovery 

In this section, we show advantages of direct discovery over this approach. In particular, we argue that the use of GPS can lead to non-ubiquitous coverage as well as significant power penalty. 
3.1 Power consumption

We use the power consumption model in [1] to compare the power consumption of direct discovery and over the top techniques.

For direct discovery, with a 29 sub-frames every 20 seconds, the power consumption is given by 0.012 units. 

For over the top discovery, there are two components to power consumption:
1. Power consumption of GPS at 0.08 units

2. Power consumption of signaling to/from the database 

 Thus, even ignoring the power consumption of signaling with the database, we see that direct discovery is about 7x more power efficient.

Observation 3: Over the top discovery techniques can consume more than 7x the power of direct discovery.

3.2 Signaling overhead

Over the top techniques will involve significant overheads both for resoruces and power consumption.  In particular, there is signaling overhead of going to RRC_CONNECTED from RRC_IDLE upon any interaction with the database. This involves around 25 RBs of overhead for each transaction (see [3]).  Note that this overhead potentially will be incurred for every transaction with the database and hence can lead to significant overhead. 
Observation 4: Over the top discovery techniques can involve significant signaling and resource overhead due to frequent IDLE to CONNECTED transitions.
We additionally note that LTE D2D based discovery enables operators to be a significant part of value chain in an efficient manner, and hence opens up possibility of new revenue streams for them.
Observation 5: an LTE based D2D discovery technique enables operators to be part of the value chain, and hence opens possibility of new revenue streams for them.
Based on these observations, it is proposed that the summary of technology comparison be captured in TR 36.843 [1].

Proposal:  Table 1 should be captured in TR 36.843.

4
Conclusions

In this contribution, we compared a candidate LTE D2D discovery design was compared with other solutions based on unlicensed technology, and  over the top techniques and showed significant advantages. In particular, we made the following observations:

Observation 1: An LTE based discovery solution will have a 20dB+ gain over competing technologies that use the unlicensed spectrum. 

Observation 2: Asynchronous unlicensed technologies require constant monitoring, leading to significant power consumption.

Observation 3: Over the top discovery techniques can consume more than 7x the power of direct discovery.

Observation 4: Over the top discovery techniques can involve significant signaling and resource overhead due to frequent IDLE to CONNECTED transitions.
Observation 5: an LTE based D2D discovery technique enables operators to be part of the value chain, and hence opens possibility of new revenue streams for them.
Proposal:  Table 1 should be captured in TR 36.843.
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