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1. Introduction
ProSe discovery physical layer mechanisms can be designed to support a variety of ranges, and these target ranges drive the design of physical layer discovery mechanisms.  Therefore, we consider discovery range requirements, including operation in and outside of network coverage and UE power classes.
ProSe discovery identities could be determined by both physical layer identities and higher layer information payloads.  It is also possible to convey discovery information using both physical signals and physical channels.  We discuss how the two different kinds of identities can be conveyed and how the transmission types carrying the identities behave with respect to range, information capacity, reliability, etc.  

2. Range Requirements
The requirements for ProSe discovery state that the service will support short, medium, and maximum range classes ([2], section 7A.1).  Therefore, large range D2D proximity is required, and what ‘large’ range is should be further defined.
Inside of LTE network coverage, the network can coordinate discovery signal transmission, and so may not require a large number of distinct discovery signals or discovery channels that carry large information payloads.  Since the network can communicate directly with the UEs to exchange proximity related information, ProSe communication and discovery can be completely independent.  Therefore, under network coverage, the range requirements for direct proximity discovery can be set independently of those for direct communication.

Since it is in line with ranges supported by Rel-8 physical layer, a ProSe direct discovery range (assuming 46 dBm eNB transmitters) of at most a macro cell radius would seem to be a possible design target.  Larger ranges would not seem needed, since these would likely require the support of a network, and the network can already determine a UE’s proximity to an eNB with a range of a cell radius.  Given the more severe path loss of D2D channel models, it may be challenging or inefficient to reach a macro cell radius, and so this may be an upper bound for the maximum range target, and considered further as discovery channel designs progress.
We also note that if a non-LTE network covers the UEs, that network can be used for communication between the UEs.  Consequently, a large discovery range could also be beneficial in this scenario.

Outside of network coverage, discovery can be used to initiate communication.  In this scenario, it could be argued that discovery transmissions need only go as far as the minimum communication rate can reach.  However,

· Discovery signals could also be used to sound channels between UEs that are at the edge of communication range in order to meet the ProSe requirement ([2], section 7A.1) that channel conditions can be monitored when a data session is not present.

· Discovery applications where the UE autonomously uses or stores even limited amounts of discovery information could be considered. 

· If a 31 dBm power class UE transmits a broadcast or groupcast service, it may still be desirable for it to determine that 23 dBm power class UEs are within its broadcast communication range.  Therefore, the range of a broadcast communication service transmitted by a 31 dBm UE at the minimum data rate should be at least matched by the maximum discovery range of a 23 dBm UE.  

Observation:

· A direct discovery range that is greater than direct communication range can be particularly beneficial inside of an LTE or other RAT’s network coverage, but is also beneficial outside of network coverage.

Proposals:

· ProSe direct discovery designs should target a large maximum range (upper bounded by a macro cell radius).
· The design target for the maximum discovery range of a 23 dBm UE should be at least the range of a broadcast communication service transmitted by a 31 dBm UE at the minimum data rate.

3. Physical and Higher Layer IDs

A basic principle of LTE is that UEs have physical layer and higher layer identities.  Higher layer identities are determined above the physical layer and carried in physical layer channels.  Physical layer identities allow the UEs’ transmissions to be distinguished and associated with the transmitting UE.  These physical layer identities can be assigned, for example, using parameters and indices such as the cell ID, RACH preamble index, DMRS index, etc.   Therefore, a ProSe UE could be identified by determining the physical layer ID of its transmission as well as a higher layer identity.

Because physical signals do not carry information from higher layers, their SNR requirements are low.   Furthermore, physical signals can be more robust to timing misalignment than physical channels.  Therefore, they are well suited to convey ProSe identity over large ranges.

While physical signals can provide large range, such signals can convey only a limited amount of identity information through their physical layer ID.  When a very large number of UEs simultaneously transmit and need to be uniquely identified, or when higher layer information is to be transmitted, physical signals could have insufficient payloads.   Furthermore, it is difficult to target extremely low false detection rates with physical signals.  Therefore, physical channels may need to carry ProSe discovery information and to support forward error correction.

Physical channels based on PUSCH would be a natural choice to carry a large amount of higher layer discovery information.  As observed in [1], the higher payload limits their range and can also occupy more physical resource to transmit as compared to physical signals.  

A physical signal can be significantly simpler for a UE to receive than a physical channel.  Also, the need for higher layer discovery payloads may vary according to if there is network coverage, if a UE supports communication or discovery, if/how idle mode discovery is supported, etc.  Therefore, it may be beneficial to have support for discovery using physical channels and/or physical signals depend on UE capability, and this should be studied further.  
Reception of PUSCH requires that the UE know the physical layer identity of the PUSCH prior to receiving it.  Furthermore, the UE will need a synchronization reference for the PUSCH, and the synchronization signals will also likely have a physical layer identity.  

Especially if idle mode proximity discovery is supported, it is important to minimize the energy the UE expends for discovery.  Since the physical layer identity of a physical channel is independent of its higher layer payload, decoding the payload is a separate step from determining the physical ID.  Therefore, depending on the scenario and discovery channel designs, a UE could save energy by determining only a physical layer ID or decoding the higher layer discovery payload.
Observations:

· Physical signals and forward error corrected physical channels are complementary solutions to convey ProSe identity, allowing tradeoffs of range, capacity, and reliability for discovery information payload.

· Physical layer IDs are required to receive both LTE physical channels and LTE physical signals.

· It may be possible for a UE to save energy by only a) a determining physical layer ID or b) decoding a higher layer payload.

Proposals:

· Support the use of physical channels and physical signals to convey ProSe identity information.

· UE capability to support either or both of physical channels and physical signals is FFS.
· The physical layer is used by higher layers to distinguish ProSe identities through physical layer IDs and/or higher layer payloads, where

· A physical layer ID is determined from one or more indices/parameters used to distinguish physical layer transmissions.

· A higher layer payload is a value determined above the physical layer, and forward error correction coded in the physical layer.

· Configurations using either or both of higher layer payloads and physical layer IDs are FFS.

· Physical layer IDs and higher layer payloads used for proximity can be determined independently by a discovering UE.

4. Conclusion
In this contribution, we examined discovery range requirements, considering operation in and outside of network coverage, and UE power classes.  We also discussed the use of physical layer and higher layer identities to determine ProSe IDs, as well as the use of physical signals and physical channels to convey ProSe IDs.  This led us to the following observations and proposals:
Observations:

· A direct discovery range that is greater than direct communication range can be particularly beneficial inside of an LTE or other RAT’s network coverage, but is also beneficial outside of network coverage.
· Physical signals and forward error corrected physical channels are complementary solutions to convey ProSe identity, allowing tradeoffs of range, capacity, and reliability for discovery information payload.

· Physical layer IDs are required to receive both LTE physical channels and LTE physical signals.

· It may be possible for a UE to save energy by only a) determining physical layer ID or b) decoding a higher layer payload.

Proposals:

· ProSe direct discovery designs should target a large maximum range (upper bounded by a macro cell radius).

· The design target for the maximum discovery range of a 23 dBm UE should be at least the range of a broadcast communication service transmitted by a 31 dBm UE at the minimum data rate.
· Support the use of physical channels and physical signals to convey ProSe identity information.

· UE capability to support either or both of physical channels and physical signals for ProSe ID is FFS.

· The physical layer is used by higher layers to distinguish ProSe identities through physical layer IDs and/or higher layer payloads, where

· A physical layer ID is determined from one or more indices/parameters used to distinguish physical layer transmissions.

· A higher layer payload is determined above the physical layer, and forward error correction coded in the physical layer.

· Configurations using either or both of higher layer payloads and physical layer IDs are FFS.

· Physical layer IDs and higher layer payloads used for proximity can be determined independently by a discovering UE.
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