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1 Introduction

Discovery message size is a critical parameter that largely determines discovery range and resource consumption [1]. In RAN1, a wide range of discovery sizes has been suggested (between 32 and 256 bits). RAN1 is currently using 104 bits for simulation evaluations. However, RAN1 does not have a clear idea of which bits from higher layers need to be visible in the discovery message transmitted at the physical layer and thus cannot properly assess the discovery message size.
Due to this dilemma, RAN1 has sent an LS [2] to RAN2 requesting input on D2D discovery message size and to provide information about the bit fields needed by the higher layers. In general, it is preferable to minimize the discovery message size, so as to maximize discovery range and minimize the impact to the UL capacity [1]. The discovery message should be designed as judicially as possible; so as to achieve the discovery related requirements defined in [3]. As the functionality provided by proximity discovery is limited and clearly defined. Therefore, once the requirements of [3] can be achieved, it is unlikely that there will be a need to further enhance ProSe discovery procedures in future.
In this contribution we explore the identifiers needed for discovery and propose options for the format of the discovery message. 
2 Discovery Message Identifiers
A discovery message may include several fields/identifiers. These identifiers should achieve the following objectives:
1) Identify the announcing UE by mapping to a globally unique ProSe UE ID, but without revealing any information about the UE or user’s identity.

2) Enable both restricted and open discovery for different applications authorized to use ProSe discovery services on the UE.

In [4] we discussed in detail the procedures needed to support both open and restricted ProSe discovery, and their impact on RRC signaling. It was shown that by announcing only 2 types of identifiers in the discovery message, discovery requirements can be met very efficiently. We refer to these fields as announcing codes:

a. Private Announcing Code: This code is used by the network to distinguish between different announcing UEs. It is derived from the unique ProSe UE ID. The correlation of the announcing code to a particular UE is held privately by the operator’s network, and may only be disclosed to authorized nodes to enable monitoring and reporting (e.g. other UEs authorized for restricted discovery). 

b. Public Announcing Codes:  The meaning of a public announcing code does not need to be protected. For example a public announcing code may map to a specific application ID or service Public announcing codes are scanned by a monitoring UE to detect applications or services of interest offered by an announcing UE. They are only required for open discovery and for some restricted discovery cases.

Furthermore, it is shown in [4] that for most social networking applications, it suffices to simply identify the announcing UE, and there is no need to announce all of the different applications that may be utilizing ProSe discovery. As this type of application is expected to be the more prevalent for ProSe discovery, it is logical to distinguish these two types of announcing codes in the discovery message.
Proposal 1: Two types of announcing codes should be distinguished for the ProSe discovery message: 

· A single private announcing code which serves to identify the UE

· Multiple public announcing codes which serve to identify ProSe enabled applications and services offered by the UE.

Observation 1: Social networking applications typically restrict discovery to a defined buddy list. ProSe discovery for this type of application can be efficiently achieved without any announcing of application IDs.

Proposal 2: Announcing of application IDs should be avoided when possible, so as to limit the air interface resources consumed by the discovery process.

It important to agree on a bit length requirement for each of these 2 types of announcing codes. As public announcing codes represent applications on services, the bit length needs to be long enough to identify the likely size of the application population that will be in use at a given time. A bit length of 24 bits would allow for close to 17 million different applications and service types to be identified. If we want to be overly generous, we may allow 32 bits for the public announcing code. With this bit length, approximately 4.3 billion unique applications and services can be identified.

Proposal 3: A bit length of 32 bits is an upper bound on length requirement for a public announcing code.

On the other hand, the private announcing code should map to a globally unique ProSe UE ID. To get a handle on the maximum number of bits needed to represent a globally unique UE ID, we need not look farther than the GUTI (Globally Unique Temporary UE Identity) [5]. The GUTI is the globally unique identifier for the UE in LTE, and has been proposed to simply reuse the GUTI for the ProSe UE ID. 
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Figure 1 Structure of the GUTI
The GUTI consists of 2 parts as illustrated in Figure 1: an M-TMSI (32 bits), and the GUMMEI (Globally Unique MME ID). The GUMMEI comprises the MCC & MNC (that together define the PLMN), and the MME Identifier. The MME Identifier in turn is made up or an MME Group ID (16 bits) and an MME Code (8 bits) for a total of 24 bits. However the encoding of the MCC and MNC is not done in a very efficient manner, and therefore a total of 48 bits is needed to represent the GUMMEI.

Observation 2: The GUTI is a global UE identifier, but it is not efficiently encoded.

With more efficient encoding of PLMN, it is expected that we could uniquely identify the UE’s MME with no more that another 32 bits.  Combined together, we expect that 64 bits is sufficient for the ProSe UE ID.
Proposal 4: A bit length of 64 bits is sufficient to encode the globally unique ProSe UE ID; 32 bits to identify the UE’s MME, and another 32 bits to uniquely identify the UE on that MME.

Since the private announcing code must map to the ProSe UE ID, 64 bits is also sufficient to encode it. For example, the private announcing code may be obtained by applying a hash function to the ProSe UE ID.

Observation 3: If 64 bits is sufficient to represent the ProSe UE ID, it is also sufficient to represent the private announcing code.

Proposal 5: The private announcing code is obtained by applying an appropriate hash function to the ProSe UE ID. If the identity function is used, the private announcing code would be identical to the ProSe UE ID.
3 Discovery Message Format 
Several formats are possible for the structure of the discovery message. Figure 2 three different options:
Format 0: In this format a single discovery message coveys both the private announcing code, and a number of public announcing  codes. The disadvantage of this approach is the size of the discovery message must be large enough to convey all of the information for both the private and several public announcing codes. By limiting the size of the discovery message, we can maximize discovery range [1]. Hence format 0 is not preferred for the discovery message.

Format 1: In this format each discovery message conveys the private announcing code to identify the announcing UE, but only a single public announcing code. The size of this discovery message is considerably smaller than for format 0, and hence the discovery range can be improved. However, several discovery messages need to be transmitted by the same UE, and each carries the private announcing code. Thus format 1 may consume more air interface resources that format 0, for the same number of public announcing codes. Based on the analysis of section 2, the size of a Format 1 discovery message should be no more than 96 bits.

Format 2: This format further optimizes the size of the discovery message, by transmitting either a private announcing code, or a public announcing code in each discovery message. A short correlation code is use to correlate all the discovery messages transmitted by a single announcing UE. Thus a monitoring UE can use the correlation code to correlate a public announcing code with the corresponding private announcing code (and the ProSe UE ID). The correlation code may be part of the discovery message, or a physical layer signature (such as a scrambling or synchronization code). With the latter assumption, a Format 2 discovery message should be no more than 64 bits.
Observation 4: Format 2 is the most efficient in terms of discovery message size (64 bits maximum), but may require the monitoring UE to perform addition processing.
Proposal 6: RAN 1 and RAN 2 should study Format 1 and Format 2 as candidates for the discovery message. 
Proposal 7: Reply to the LS from RAN 1 [2] with the following:

· Two types of UE identifiers are sufficient for ProSe Discovery: a private announcing code (64 bits) and a public announcing code (32 bits).
· A announcing UE shall be allocated a single private announcing code, and potentially several public announcing codes.

· Format 1 (96 bits) and Format 2 (64 or 32 bits) should be evaluated for ProSe discovery performance.
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Figure 2 Discovery Message Formats
4 Conclusion

In this paper we evaluated the types and sizes of identifiers needed to implement efficient ProSe discovery. We differentiated two types of identifiers: private announcing codes and public announcing codes. Upper bounds on bit lengths for private and public announcing codes are 64 and 32 bits respectively.
Differentiating these two types of announcing codes has several key advantages: 
1) The private announcing code fully protects the identity of the UE and its user, as the mapping of this code to the UE is only known to the network. This guarantees that the discovery message reveals no information that could identify the user. 
2) The size of the discovery message can be minimized, hence maximizing discovery range and performance [7], by an appropriate selection of discovery message format. We considered 3 possible formats, with Format 2 being the most efficient in terms of discovery message size.

3) Many applications (e.g. social networking applications) are expected to be configured for restricted discovery, with discovery restricted to a specific set of individuals (type A restricted discovery in [4]). In this case, there is no need to announce the application (of which there may be many activated by each user), leading to a significant saving in the discovery air interface resources.
We have the following observations and proposals:

Observation 1: Social networking applications typically restrict discovery to a defined buddy list. ProSe discovery for this type of application can be efficiently achieved without any announcing of application IDs.

Observation 2: The GUTI is a global UE identifier, but it is not efficiently encoded.

Observation 3: If 64 bits is sufficient to represent the ProSe UE ID, it is also sufficient to represent the private announcing code.

Observation 4: Format 2 is the most efficient in terms of discovery message size (64 bits maximum), but may require the monitoring UE to perform addition processing.

Proposal 1: Two types of announcing codes should be distinguished for the ProSe discovery message: 

· A single private announcing code which serves to identify the UE

· Multiple public announcing codes which serve to identify ProSe enabled applications and services offered by the UE.

Proposal 2: Announcing of application IDs should be avoided when possible, so as to limit the air interface resources consumed by the discovery process.

Proposal 3: A bit length of 32 bits is an upper bound on length requirement for a public announcing code.

Proposal 4: A bit length of 64 bits is sufficient to encode the globally unique ProSe UE ID; 32 bits to identify the UE’s MME, and another 32 bits to uniquely identify the UE on that MME.

Proposal 5: The private announcing code is obtained by applying an appropriate hash function to the ProSe UE ID. If the identity function is used, the private announcing code would be identical to the ProSe UE ID.
Proposal 6: RAN 1 and RAN 2 should study Format 1 and Format 2 as candidates for the discovery message. 
Proposal 7: Reply to the LS from RAN 1 [2] with the following:

· Two types of UE identifiers are sufficient for ProSe Discovery: a private announcing code (64 bits) and a public announcing code (32 bits).

· A announcing UE shall be allocated a single private announcing code, and potentially several public announcing codes.

· Format 1 (96 bits) and Format 2 (64 or 32 bits) should be evaluated for ProSe discovery performance

Proposal 8: Capture the analysis of sections 2 and 3 in TR 36.843.
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