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1
Introduction
Stage-1 service requirements for ProSe have been defined by SA1 [1] whereby SA2 began its work on ProSe system architecture in SA2#95 meeting (Prague) in January.

In this contribution we firstly discuss about ProSe UE discovery in system level and consider the implications from RAN1 point of view.
2      ProSe UE Discovery concept
The main Stage-1 service requirements for ProSe UE discovery are as follows [1]:

	Based on operator policy and user choice, the proximity of two ProSe-enabled UEs shall be determinable; for example, using direct radio signals or via the operator network.

A discovering ProSe-enabled UE shall be able to determine whether or not another ProSe-enabled UE is of interest to it. A ProSe-enabled UE is of interest to a discovering ProSe-enabled UE if its proximity needs to be known by one or more authorised applications on the discovering ProSe-enabled UE.

Subject to user and operator settings, a ProSe-enabled UE shall be able to be discoverable only by other ProSe-enabled UEs in proximity that are explicitly permitted by the discoverable ProSe-enabled UE.

Note:
'explicitly permitted' refers to Restricted ProSe Discovery.

Subject to user and operator settings, a ProSe-enabled UE shall be able to be discoverable by all other ProSe-enabled UEs in proximity without explicit permission. The ProSe-enabled UEs can be served by the same or different PLMN, including when roaming.

Note:
'without explicit permission' refers to Open ProSe Discovery.

The ProSe system shall:

· Allow a ProSe-enabled UE to selectively discover ProSe-enabled UEs of interest;
The permission to be discoverable is given by the user and shall be executed by the EPS, subject to operator control, on a per-application basis.

The effect of ProSe on the E-UTRAN services should be minimized.


The notion of ‘UE of interest’ is applied to both Open and Restricted ProSe Discovery, and permissions to be discoverable are defined on a per-application basis. In other words, the Open ProSe Discovery may take place within context of one application while the Restricted ProSe Discovery within context of the other application while application instances of those applications are run on the same UE. Restrictions and permissions for discoverability can be set and enforced at the application level and at the 3GPP (ProSe) level as illustrated in the following figure 1.
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Figure 1. ProSe Discovery and Application Discovery.
As a summary, Open and Restricted Discovery concepts should not be visible in the physical layer and is therefore not in the scope of RAN1 work. To enable ProSe Discovery directly between ProSe-enabled UEs, the ProSe UE discovery transmission should be able to convey higher layer data, but the actual content of this payload is not in the scope of RAN1. In order to avoid misunderstanding between the meaning of Open and Restricted ProSe Discovery concepts used across working groups, the terminology of “Open” and “Closed” discovery in RAN1 simulation assumptions should be removed.
Proposal #1: Since the concept of Open and Restricted discovery is visible only to higher layers, it is proposed to remove the terms “Open” and “Closed” discovery used in RAN1 simulation assumptions to avoid misunderstanding between working groups.
3
Physical ProSe Discovery Channel design for ProSe Discovery

In order to support the above discussed ProSe UE discovery and associated application discovery, the discovery message must be able to convey higher layer data relevant for UE discovery and application discovery. Furthermore, the discovery message may also need to convey information like PLMN ID, serving cell ID (like ECGI), range class information, and in public safety specific scenarios, e.g., information about the relaying capability of the given UE in order to assess the discovery of possible relay UEs. However, none of this information needs to be visible to the physical layer in other forms than as data symbols (payload) in the discovery transmission. A Physical ProSe Discovery Channel (PPDCH) is thus introduced for ProSe discovery message transmission.
The reception of a discovery message can be divided into two parts: 1) detection of a transmission and 2) detection/decoding of the data symbols carrying the payload in PPDCH. For the detection of the discovery message, a signal is needed to determine whether there is a transmission or not on certain radio resources. When the ProSe-enabled UEs, both Public Safety and non-Public Safety ProSe-enabled UEs, are served by the E-UTRAN, they are synchronized to their serving eNB. If synchronization is available, the receiving ProSe-enabled UE will roughly know in advance the transmission time instances of the discovery transmissions of other ProSe-enabled UEs and a reference symbol sequence could possibly be used to achieve the needed time and frequency synchronization to enable detection of the PPDCH payload, but this needs further investigation. In any case, when Public Safety ProSe-enabled UEs are out of E-UTRAN coverage and lack a common synchronization point, an additional signal, like a certain synchronization signal/sequence, may be needed in the discovery signal structure to alleviate searching for transmitted signals in the time domain (and possibly the frequency domain as well). The same applies also for ProSe communication among the Public Safety ProSe-enabled UEs when they are not served by the E-UTRAN. 
To reuse existing synchronization signals, like PSS and SSS, at least for the detection of whether there is a signal or not in the channel when the UE is not served by E-UTRAN would be tempting. However, the bandwidth of PSS and SSS is 6 PRBs which may be larger than the actual bandwidth required needed to carry the higher layer data.
When ProSe UE discovery is deployed on a frequency carrier with simultaneous E-UTRAN operation, in order to enable power efficient discovery operation from system and the UE perspective, it should be possible to multiplex multiple PPDCHs in the frequency domain in one time instant to allow multiple ProSe-enabled UEs to transmit discovery messages simultaneously. Furthermore, to facilitate processing efficiency in the receiving UE, the characteristics of the discovery message (signal detection part and PPDCH) transmissions transmitted simultaneously should be similar and preprovisioned for each ProSe UE by the E-UTRAN. Essentially, this means preconfiguration of parameters, like bandwidth of the PPDCH (amount of PRB pairs); MCS and payload size used for the data part; reference symbol sequence and possible scrambling codes for them; etc.
Also, it is noted that RAN1 is currently also working on small cell enhancements (SCE) where discovery is one functionality to be studied. The SCE discovery function will require similar initial detection to the ProSe discovery transmissions. From the perspective of detection at the UE side, there is not much difference whether the transmitting entity is a small cell or a ProSe UE. Considering this, from overall UE complexity perspective it would be desirable if similar or same kind of discovery signals would be used for both for small cell detection and ProSe detection. Hence, in our view the UE implementation synergies in small cell and ProSe detection should be taken into account.
As a summary the discovery message should have at least the following elements:

· Transmission detection part

· Signals/symbols needed for the case without common time synchronization availability among the UEs (public safety specific case when the UE is not served by the E-UTRAN)
· Signals/symbols needed for the case with common time synchronization availability among the UEs (for both public safety and non-public safety when the UE is served by E-UTRAN)
· Symbols for channel estimation

· PPDCH/data symbols (for the higher layer data, i.e., payload)
Proposal #2: Agree to define a physical channel used for ProSe UE Discovery purpose, namely a Physical ProSe Discovery Channel (PPDCH).
Proposal #3: Divide the discovery message design in RAN1 to two parts: a transmission detection part and a payload part (PPDCH).
4
Resource allocation for PPDCH transmissions
The resource allocation granularity in frequency domain for PPDCH is proposed to be one PRB to be compatible with the existing LTE system. When ProSe-enabled UEs are under network coverage and thereby served by the E-UTRAN, E-UTRAN can allocate the overall ProSe UE Discovery radio resources. For instance, the E-UTRAN could allocate certain amount of PRBs in a certain subframe or the whole bandwidth in a certain subframe for the PPDCHs. The latter option could be implemented using the MBSFN subframe. An illustration of both options is given in Figure 2. The allocation of the overall radio resources could take place via broadcast signaling in a new SIB type. Allocating the specific PRB(s) for a certain UE may be carried out by the E-UTRAN via dedicated signalling or by the UE itself. Furthermore, it should be studied whether it is feasible to conduct ProSe UE discovery over cell borders, e.g., by coordinating the overall PPDCH resources in adjacent cells etc.
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Figure 2. Multiplexing of PPDCH resources among E-UTRAN resources

As requested by the Stage-1 service requirements, the ProSe should have minimal effect to E-UTRAN services whereby the legacy compatibility should be studied and taken into account, where applicable. In the common frequency deployment case, the legacy system operation needs to be taken into account when considering the resource allocation schemes and overall discovery operation. For instance, the impacts of UL channel usage for discovery to the legacy non-adaptive HARQ re-transmissions and PUCCH operation needs to be considered. 
When the Public Safety ProSe-enabled UEs are out of network coverage and thereby not served by the E-UTRAN, it’s assumed that ProSe related transmissions (i.e. ProSe discovery and ProSe communications) take place on pre-configured frequency resources. A new channel access scheme for E-UTRA needs to be developed for that purpose.
Proposal #4: RAN1 is requested to study resource allocation schemes and multiplexing options among the E-UTRA legacy and ProSe specific physical channels.
Proposal #5: Effect of ProSe operation to legacy system should be minimized.
5
Conclusions

In this contribution we discussed about overall ProSe UE Discovery concept and its implications to RAN1. 
Proposal #1: Since the concept of Open and Restricted discovery is visible only to higher layers, it is proposed to remove the terms “Open” and “Closed” discovery used in RAN1 simulation assumptions to avoid misunderstanding between working groups.
Proposal #2: Agree to define a physical channel used for ProSe UE Discovery purpose, namely a Physical ProSe Discovery Channel (PPDCH).
Proposal #3: Divide the discovery message design in RAN1 to two parts: a transmission detection part and a payload part (PPDCH).
Proposal #4: RAN1 is requested to study resource allocation schemes and multiplexing options among the E-UTRA legacy and ProSe specific physical channels.
Proposal #5: Effect of ProSe operation to legacy system should be minimized.
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