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1
Introduction
This contribution is related to LTE device to device proximity services study item [1]. To enable proximity services there is a need for devices that are in proximity to be discovered. There are several use cases identified for ProSe discovery in [2]. In this document we propose techniques for performing device to device (D2D) discovery.

This contribution is structured as follows:

· In Section 2 we propose design principles that are used to guide our design. 
· Section 3 gives the detail of the proposed design. 
· Section 4 concludes the contribution.
2
Design Principles for D2D Discovery
Following are our design principles for the discovery protocol.

ProSe discovery is defined for both Public Safety (PS) and non PS uses cases. PS use cases covers in network, partial network, and out of network. We propose a common discovery design for PS and non PS applications. Furthermore we propose a common design across in network coverage, partial network coverage and out of network coverage scenarios for PS applications. This reduces the complexity of the design and enables economy of scale for public safety operators. 
Design Principle 1: Common physical layer design for PS and non PS application, and across in network coverage, partial network coverage and out of network coverage scenarios. 
A natural way to enable discovery is using D2D transmissions. A UE that wants to be discovered can transmit a discovery signal while other UEs that want to discover the first UE can receive the discovery signal. UEs that are in proximity will be able to decode the discovery signal thereby discovering the first UE. 

To allow the reception of a D2D transmission, the receiver UEs have to understand the transmitter UE’s notion of time. In synchronous deployments this can be achieved by the transmitters and receivers using the available common notion of system timing from the eNodeBs. In asynchronous deployments there is no common notion of system timing across cells. However UEs can learn the timing of neighboring cells and use them for receiving discovery signals of UEs camped on neighboring cells. In the partial/out of network case some synchronization protocol can be used to achieve common timing. Some details on the synchronization protocol for partial/out of network cases can be found in [3].

Additionally, UEs receiving discovery signals have to know the time frequency resources on which UE that wants to be discovered is transmitting. These resources should be allocated by the network. The network should also broadcast the allocation to all UEs that are participating in discovery. Network allocation can control the size of resources used for discovery and can ensure that they are not used for WAN communication. In the case of out of network coverage such information can be pre-configured in the UE.
Design Principle 2: UEs participating in discovery should be synchronized to each other and have a common notion of discovery resources.
A conventional LTE FDD UE can transmit on the uplink band and can receive on the downlink band. To enable D2D communication either a receive chain has to be added for uplink or additional transmit chain has to be added for downlink. Performing D2D communication on downlink may lead to coexistence issues with downlink reference signals. Furthemore in some countries, in a FDD deployment, UEs are barred by regulation from transmitting on the downlink band. Therefore we propose that D2D discovery happen on uplink band in a FDD deployment. 

Note that in the case of a TDD deployment, discovery can occur over both downlink and uplink sub-frames. However for simplicity and to have a common design across FDD and TDD, uplink is preferred.
Design Principle 3:D2D discovery should occur over the uplink band in FDD deployments. Uplink sub-frames are also preferred in the case of TDD deployments.
Due to network dynamics such as UE mobility, UE’s turning ON/OFF etc., the set of UEs in proximity of a UE can change. Therefore in order to find UEs in proximity the discovery protocol needs to run periodically. This in turn means that periodic uplink resources have to be reserved for discovery and UEs have to transmit and listen for discovery signals periodically.
Design Principle 4: Due to network dynamics discovery protocol needs to run periodically, and hence uplink discovery resources should be allocated periodically. 
[image: image1.bmp]Consider an uplink sub-frame with some frequency resources allocated for discovery. The remaining resources are allocated for WAN uplink communication.  This is illustrated in Figure 1 below. Suppose UE F is transmitting on the WAN uplink to eNodeB E. Also suppose that UE D is transmitting its discovery signal on the resources reserved for discovery. Note that UE D is much closer to eNodeB E than UE F. Also note that the power of a discovery signal should be a function of target proximity range, so UE D’s discovery signal is not power controlled with respect to eNodeB E. As a result, due to RF impairments, UE D’s discovery signal can significantly distort the uplink WAN signal from UE F at eNodeB E thus affecting uplink WAN communication. Therefore frequency multiplexing of discovery and uplink WAN communication should be avoided as much as possible. 


Figure 1
An additional but important point to note is that frequency multiplexing of resources used for uplink WAN and discovery results in discovery resources being spread out in time which leads to a UE participating in discovery being awake for a longer time. This leads to higher power penalty for discovery. 
Design Principle 5: Frequency multiplexing of resources used for uplink WAN and discovery should be avoided.
A UE participating in discovery can try to receive discovery signals from multiple UEs. For example consider Figure 2 below where UE A tries to decode signals from UE B and UE C. (Signals from only two UEs are considered for simplicity.) 


 

Figure 2
The signals received from UE B and UE C can be time multiplexed, frequency multiplexed or code multiplexed, i.e., UE B and UE C can transmit two different sequences on the same time and frequency resource. This is also illustrated in Figure 2. 

Time multiplexing discovery signals is not preferred because it will lead to spreading of discovery signal in frequency and lower the link budget of discovery. 

Code multiplexing of discovery signals is also not preferred. The discovery signal (especially Open ProSe discovery signal) can be decoded by multiple devices and cannot be power controlled to any particular UE. Referring back to Figure 2, note that UE C is much closer to UE A and since discovery signals cannot be power controlled, UE B’s signal can be drowned out by UE C’s discovery signal due to RF impairments. 
Frequency multiplexing between discovery signals of different UEs is preferred. This choice can lead to better link budget and hence longer range for discovery signal compared to time multiplexing and code multiplexing. In addition, frequency multiplexing leads to better dynamic range compared to code multiplexing.
Design Principle 6: Discovery signals of different UEs should take advantage of frequency multiplexing.
Discovery of proximal UEs can in many cases act as a prelude for communication. (The communication can be D2D communication or can be through WAN.) UEs that have not already established a communication connection should be able to perform discovery. So both RRC_IDLE and RRC_CONNECTED UEs should be able to participate in discovery. 

Allowing RRC_IDLE UEs to participate in discovery will also lead to large number of UEs (hundreds of UEs per cell) participating in discovery. 
Design Principle 7:RRC_IDLE UEs should be able to participate in discovery. The design should scale to allow large number of UEs to participate in discovery.

Since RRC_IDLE UEs can participate in discovery, a UE will be participating in discovery all the time. Therefore the impact of discovery on power consumption of UEs is very important. The impact of discovery on power consumption of UEs should be small.

Additionally discovery should impact WAN performance minimally.

One simple way of achieving both these requirements is by allocating only a small amount of resources for discovery. 
Design Principle 8: Discovery should use small amount of resources.
3
D2D Discovery Design 
As mentioned earlier our design is based on the design principles proposed in Section 2. 
3.1
Reserving Resources for Discovery
We propose that network reserve periodic resources in uplink sub-frames for discovery (Design Principles 2, 3 & 4). The uplink sub-frames with resources reserved for discovery should be mostly contiguous. The contiguous allocation helps reduce power consumption of discovery. This is illustrated with an example in Figure 3 below where 64 contiguous uplink sub-frames have resources reserved for discovery every 10 seconds. 

Figure 3

We call the period with which resources are reserved a “discovery period” and sub-frames with resources reserved for discovery “discovery sub-frames”.

A UE participating in discovery will select a discovery resource among the sub-frames with resources reserved for discovery. The exact definition of a discovery resource is discussed later. The UE will transmit its discovery signal on its selected discovery resource every discovery period. The UE will also listen for discovery signals of other UEs on other discovery sub-frames (Design Principles 2 & 4).
Network can inform UEs of discovery sub-frames via a SIB broadcast. Such allocation can be done in a deployment wide manner in a synchronous deployment. This enables inter-cell discovery in a power efficient manner. In an asynchronous deployment, the allocation can be done on a per cell basis. The eNodeB of a cell can broadcast its allocation along with its neighbouring cells allocation in the SIB. Here UEs need to listen for discovery signals of UEs camped in different cells.
Proposal 1: Network reserves periodically occurring uplink sub-frames that will be used for discovery. 
3.2
Discovery Resource

3.2.1 Resource Definition

Consider an uplink sub-frame with resources reserved for discovery. Based on Design Principle 5 we would like to use as many resources as possible for discovery. So we propose that the complete PUSCH portion of the uplink sub-frame be used for discovery. (We cannot use allocated PUCCH resources for discovery because it is not possible to prevent Release 11 and older UEs from transmitting on PUCCH.) Since frequency multiplexing of discovery signals leads to better performance (Design Principle 6), the PUSCH resources will be divided into equal sized discovery resource in a frequency duplex manner. We propose that a discovery resource consist of a pair of adjoining RBs (Resource Blocks) in Slot 0 and Slot 1 of a frame. This is illustrated in Figure 4.
Figure 4
Consider the example allocation discussed in Figure 3. Also consider a 10MHz FDD system with 6 RB pairs allocated for PUCCH (3 RB pairs on each edge). Then 44 RB pairs or 44 discovery resources are available per sub-frame for discovery. In total 44*64=2816 discovery resources are available. This allows the design to support a large number of devices (Design Principle 7). Note that 64 sub-frames per 10 seconds is less than 0.64% of the uplink resources (Design Principle 8). A UE participating in discovery will need to be awake only for an additional 64 sub-frames per 10seconds, which leads to a small increase in power consumption.
Proposal 2: Within the discovery sub-frames use the whole of PUSCH for discovery.

Proposal 3: PUSCH should be frequency multiplexed into discovery resources consisting of a RB pair. 
 3.2.2 Physical Layer Details
We propose that the physical layer details of a discovery signal be similar to those of PUSCH as defined in [5] [6]. Discovery signals should use SC-FDMA like PUSCH. (SC-FDMA has better in-band emissions than OFDMA [4], this helps with the near far problem illustrated in Figure 2). 
Additionally, the same physical layer can be used for both Restricted ProSe and Open ProSe discovery. For Open ProSe discovery, the discovery information can be encoded and sent in a way similar to PUSCH.  For the case of Restricted ProSe discovery, the discovery information can be encrypted before the transmission, and after encryption signalling proposed for Open ProSe discovery can be reused. The encryption ensures that only authorized UEs can detect the discovery signal.

The range of a discovery signal can be controlled by the transmit power of a UE. The transmit power in turn can be decided by the network.

Proposal 4: Reuse PUSCH modulation and coding for discovery signals.
Proposal 5: Use same physical layer transmission scheme for both Open ProSe and Restricted ProSe discovery.
3.2.3 Discovery Resource Selection 
Discovery resource used by a UE can either be selected by the UE or can be selected by the network for the UE. 
Proposal 6: Discovery resource selection can be done by either the UE or by the network.
3.3
Timing of Discovery Sub-frames

Even though discovery sub-frames are uplink sub-frames the UEs participating in discovery can be in RRC_IDLE state (Design Principle 8). Such RRC_IDLE UEs do not have access to timing advance from the eNodeB. To counter these somewhat conflicting principles, we propose that discovery sub-frames follow downlink timing.
Also note that downlink timing of UEs can vary roughly based on distance from the eNodeB. Further, there is propagation delay between UEs that are trying to discover each other. Suppose the maximum discovery signal target range is Z meters. The worst case time difference between two UEs is 2Z/c. (Here c is the speed of light in meters per second.) The worst case is illustrated in Figure 5.

Figure 5
If the maximum discovery range is Z=500m, then the delay is given by (2Z/c) = 3.33us which is smaller than the length of normal cyclic prefix (4.7us) and hence can be used to deal with timing error in addition to the delay spread. 
Proposal 7: Discovery sub-frames should use downlink timing.
3.4 Hopping of Discovery Resources
As mentioned earlier, D2D discovery suffers from the near far problem illustrated in Figure 2. In addition, due to the half duplex constraint, a UE transmitting a discovery signal cannot receive discovery signals on the same sub-frame. We propose that this issue be resolved via hopping of discovery resources across discovery periods. The hopping pattern should be designed such that the number of times two discovery resources occur on the same sub-frame is minimized. This reduces both the half duplex and the near far problem.
Proposal 8: Hopping of discovery resources needs to be done to reduce the effect of near far and half duplex problems. 
3.5
Coexistence with WAN Communication
To enable harmonious coexistence between WAN and discovery, the eNodeB should not schedule any new PUSCH transmission on discovery sub-frames. Any on-going HARQ transmissions can be suspended by the eNodeB and can be reactivated on non discovery sub-frames. 
Note that since discovery sub-frames is a small fraction of uplink sub-frames (Design Principle 8) (0.64% in Figure 2) the impact of discovery on WAN will be minimal.
To further enable more harmonious coexistence, the discovery sub-frame allocation can be made non-contiguous. This is illustrated in Figure 6. 

Figure 6
Here discovery sub-frames are interspersed by WAN uplink sub-frames every 5 sub-frames. Such interspersing of sub-frames can be used to minimize the disruption to low delay traffic (such as voice) which is scheduled in a semi-persistent manner. 
Note interspersing discovery sub-frames with uplink sub-frames can lead to higher power consumption for UEs participating in discovery. So discovery sub-frames should be interspersed by only a small number of uplink sub-frames. 
Proposal 9: Interleave discovery sub-frames with small number of uplink sub-frames.
4
Conclusion 

In this contribution we proposed several design principles for D2D discovery. We further proposed a design based on these principles. Following is the list of our proposals.
Proposal 1: Network reserves periodically occurring uplink sub-frames that will be used for discovery.
Proposal 2: Within the discovery sub-frames use the whole of PUSCH for discovery.

Proposal 3: PUSCH should be frequency multiplexed into discovery resources consisting of a RB pair. 

Proposal 4: Reuse PUSCH modulation and coding for discovery signals.
Proposal 5: Use same physical layer transmission scheme for both Open ProSe and Restricted ProSe discovery.
Proposal 6: Discovery resource selection can be done by either the UE or by the network.
Proposal 7: Discovery sub-frames should use downlink timing.
Proposal 8: Hopping of discovery resources needs to be done to reduce the effect of near far and half duplex problems. 

Proposal 9: Interleave discovery sub-frames with small number of uplink sub-frames.
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