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1
Introduction
In the 3GPP RAN #58 meeting, the “Study on LTE Device to Device Proximity” study Item was approved [1]. It is targeted to study how effectively 3GPP systems can be enhanced to use proximity of UEs to enable new proximity based applications and services. A core component of proximity services is discovery of UEs. 3GPP SA1 has identified several use cases for Proximity-based Services in [2]. Identified use cases include Public Safety and non-Public-Safety scenarios. In this contribution, we discuss aspects of device to device (D2D) discovery as a core component of Proximity Services.
2
Discussion
D2D discovery is the process of identifying UEs in proximity running applications and services of interest to the discoverer. D2D discovery is identified for both Public Safety (PS) and non-Public Safety cases. In the case of Public Safety, in-network coverage, partial network coverage and out of network coverage scenarios need to be considered. To reduce the complexity of design, it might be beneficial if all of in-network coverage, partial network coverage and out of network coverage scenarios can use a common approach for D2D discovery. This approach will likely reduce design complexity and provide economies of scale to PS operators.

Proposal 1: Common D2D Discovery mechanism should be considered for in-network, partial network and out of network scenarios.

SA2 has identified some mechanisms for D2D discovery in its ongoing Study of architecture enhancements to support Proximity in [3]. However broadly these mechanisms can be divided in two approaches:

1. Direct Discovery 

2. EPC Level Discovery

Since from RAN2 point of view EPC level Discovery doesn’t need RAN level enhancements; it is not required to be studied in RAN2. Therefore, the rest of this document focuses only on Direct Discovery. 

Proposal 2: RAN2 should focus on the study of direct discovery.

Direct discovery is a mechanism where a UE who wants to be discoverable (announcing UE) transmits a discovery signal in the allocated resources; whereas a UE (monitoring UE) interested in discovery of other UEs in proximity monitors discovery signal transmitted by other UEs in their allocated resources. Discovery signals transmitted over the air are based on some D2D identities to distinguish specific UEs and/or Specific applications. D2D specific UE identities and application identities will be allocated by the upper layers. It is envisioned that one UE can have several proximity applications, hence there can be more than one application identities per UE.
Some of the solutions captured in TR 23.703 suggest using two approaches for discovery: 
Approach A: "I am here" approach where the UE broadcasts its identity in frequent intervals in time, and interested UEs monitor for this signal;
Approach B:  "Who is there" approach where the UE that wants to discover something broadcasts the target’s identity and the target responds if it can detect that signal. 

We believe both approaches A and B above warrant study; as part of the discovery message, it has to be possible to indicate whether the message corresponds sending the identity of the initiator or this is a message that contains the target identity and therefore some response is expected.
Another important aspect of the identities is to ensure interoperability, as semantics of Application Identities may differ e.g. across applications and PLMNs. In order to ensure interoperability, we can define an "Application Index" and "PLMN index". 
The identity should be unique in a given area with dense UE population, and at the same time it should take as few resources as possible.  Considering ~10 bits for Application Index/PLMN Index the content of the discovery message can be in the range of 100-130 bits, which can fit in to 1RB pair. 

Proposal 3:  The content of the discovery message can be in the range of 100-130 bits, which can fit in to 1RB pair. 
To achieve the above mentioned functionality it is required to have some standardized message format. Radio protocols pass information from the direct discovery message to upper layers. A possible direct discovery message format can be:
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Figure 1: Direct Discovery Message format

The Discovery Mode field indicates whether the message is for Discovery Request, Discovery Response or Announce.

The Type field indicates whether the Identity is a UE Identity, and whether it is used for Open Discovery or Restricted Discovery.

The Content field indicates: 


- with the Type field set to UE Identity: the UE Identity, 


- with the Type field set to Restricted Discovery: the Application Identity and 


- with the Type field set to Open Discovery: the Application Index, the PLMN index and the Application Identity.

Proposal 4: Over the air discovery messages are based on D2D identities and should have discovery mode, type and content fields to allow flexible discovery uses.
In case of direct discovery, the announcing UE and the monitoring UE both should use the same time and frequency resources. These resources are allocated and information of these allocated resources is broadcasted by the NW in new SIB message. The NW can control the resource size used for discovery as well as ensure that those resources are not used for other purposes. In case of out of NW coverage, the information related to resources used for discovery can be pre-configured in the UE (see proposals in TR 23.703 e.g. section 6.1.1.2.1.1). It is expected that the allocated resources are semi-static in nature, and will not change frequently. 
Time and frequency Discovery resources, frame structure definition are in the scope of RAN1; however these aspects are important for RAN2 study as well. Resource reservation for D2D discovery signals are proposed in [4] and reproduced here for ease of reference:

	*********************************************Part of R1-132503**************************************************
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 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 eNB 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 5: A SIB message can be used to broadcast the resources used for discovery while in E-UTRAN coverage. In case of out of E-UTRAN coverage, resource information is pre-configured in UE. 
The resources reserved for discovery are actually a pool of discovery RB pairs. A UE selects one RB pair from the pool and uses it to announce discovery signal. The RB pair selection procedure by a UE can be such that  the probability of colliding with another UE seeking an RB pair is minimal. A UE transmitting a discovery signal cannot receive discovery signals on the same sub-frame. This issue can 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. 

From an eNB scheduling point of view, [4] has analysed that since Discovery transmissions are not power controlled,  the RF impairment can adversely affect other communications from eNB if some frequency resources of a sub-frame are used for both discovery and WAN communications. Also from a power consumption point of view, frequency multiplexing will result in spreading out the discovery resources in time and hence will cause UEs to be awake for longer time. Therefore, the eNB should not schedule any new PUSCH transmission on discovery sub-frames. Any on-going HARQ transmissions can be suspended and reactivated on non-discovery sub-frames. Note that since discovery sub-frames constitute a small fraction of uplink sub-frames (0.64% i.e. 64 sub-frames every 10 s), the impact of discovery on WAN communications will be minimal.

Proposal 6: WAN operation should not take place in the sub-frames reserved for the discovery process. 

Two types of discovery are identified in [2]:

1. Open ProSe Discovery 

2. Restricted Prose Discovery

It is proposed in [4] that 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 (or is assumed to already be protected/obfuscated in some fashion) before the transmission, and so signalling proposed for Open ProSe discovery can be reused. The obfuscation at the upper layers ensures that only authorized UEs can detect the discovery signal. So from RAN2 point of view, both types of discovery should be treated similarly.

Proposal 7: Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity.
One of the important aspects of D2D Discovery that needs to be clarified in RAN2 is that discovery (i.e. announcement and monitoring of discovery signals) can be done in IDLE state or it should be restricted only to connected state. The value of Proximity services increases when a large number of UEs are in proximity. It is also known that most of the UEs in a given area are in idle state at any given time, that is, the population of Connected-mode UEs is much less compared to Idle UEs. It is also not desirable to bring a UE into Connected state just for the purpose of discovery from the signaling overhead point of view. As mentioned above and in [4], in order to cater a large number of UEs in a given area, 64 sub-frames per 10s is sufficient. Thus, the extra power consumption for Idle UEs participating in discovery is minimal. Considering all the aspects, it is important that Idle UEs should also be allowed to participate in D2D discovery to achieve full potential of proximity services.
Proposal 8: Idle UEs should also be able to announce and monitor discovery signals without entering into connected state.
4
Conclusion 

In this contribution some of the aspects of D2D Discovery are discussed and we propose:
Proposal 1: Common D2D Discovery mechanism should be considered for in-network, partial network and out of network scenarios.
Proposal 2: RAN2 should focus on the study of direct discovery.

Proposal 3:  The content of the discovery message can be in the range of 100-130 bits, which can fit in to 1RB pair. 

Proposal 4: Over the air discovery messages are based on D2D identities and should have discovery mode, type and content fields to allow flexible discovery uses.
Proposal 5: A SIB message can be used to broadcast the resources used for discovery while in E-UTRAN coverage. In case of out of E-UTRAN coverage, resource information is pre-configured in UE. 

Proposal 6: WAN operation should not take place in the sub-frames reserved for the discovery process. 

Proposal 7: Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity.
Proposal 8: Idle UEs should also be able to announce and monitor discovery signals without entering into connected state.
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