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1. Introduction
In the previous RAN1 meeting, topics related to D2D discovery was discussed extensively. Conclusions are mainly made on discovery resource allocation and signal transmission timing. For discovery resource allocation:
At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions. 

For signal transmission timing:
In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference
· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE

· Option 1.1: T2 is fixed in the specification.
· Option 1.2: T2 is configurable by the network.
· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 
· Option 3.1: T2 is fixed in the specification.
· Option 3.2: T2 is obtained from the one UE 
· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 
· Option 4.1: T2 is fixed in the specification.
· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 

· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.
· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.
· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist. 

In this contribution, more details will be discussed on aspects related to D2D discovery.
2. Discovery Procedures
A major difference between LTE D2D and traditional direct communication is that LTE D2D assumes the underlay of cellular network which brings significant advantages to discovery procedure, so that the resource allocation, interference coordination, contention avoidance/resolution can be carried out more efficiently. Therefore, when considering solutions for D2D discovery within network coverage, assistance of network should be maximized to facilitate the basic design principles of discovery such as UE flexibility, resource efficiency, implementation complexity reduction, etc. 
Besides the scenario of within network coverage, D2D discovery/communication without network coverage is also envisioned for public safety deployments. In the following, discussions on discovery will be carried out from these two typical different deployment scenarios respectively.
2.1. Within network coverage
Based on the level of involvement of the network, two types of discovery procedures can be identified from physical layer point of view: sequence based discovery and message based discovery. Sequence based discovery requires more participation of the network which would assist and complete the entire discovery procedure. Message based discovery allows autonomous D2D discovery which can be largely accomplished by the UEs by themselves, where the network plays very minor role in the entire process.
a) Sequence based discovery with network assistance
D2D discovery procedure would achieve two goals: detection and identification.  Detection means that a D2D UE detects other D2D UEs nearby, whereas identification means that a D2D UE determines the identification of nearby D2D UEs. The discovery ID can be application based ID, or the true ID of the UE. In sequence based discovery with network assistance, detection and identification are performed separately. For example, detection signal is transmitted directly between D2D UEs for the purpose of detection. The identification is accomplished via the network providing related ID information to the UEs. The entire discovery process is characterized by the direct signal exchange, plus the extra security provided by the network involvement and supervision. An example of the procedure is illustrated in Fig. 1.
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Figure 1 An example of discovery procedure for sequence based discovery, with network assistance
In Fig. 1, UE1 is the announcing UE, to be discovered by other UEs. UE 2 is the monitoring UE that keeps watching whether there is any announcing UE nearby. The discovery procedure has the following steps:

Step 0: Resource allocation for discovery signal 
When the resources are allocated by the network, less resource collisions can be achieved. Mutual interference between UEs’ transmissions can also be reduced. The granularity of the resource for discovery signals can be a subframe. Consider the requirement for continuous discovery, periodic resources could be a good choice, while detailed methods for the resource allocation depend on the design of discovery signal.
Step 1: Resource usage decision
Since discovery UEs may be in idle state, UE cannot be allocated with the specific resources as in the case of cellular communications. An intuitive way would be to allow D2D UE to select its own resources in random fashion, or based on certain rules. The resource allocation should avoid collision as much as possible, and reduce the possibilities that a pair of UEs would consistently be in transmission and reception of discovery signals, causing they can never find each other.
Alternatively, UE-specific resources for discovery signals may be considered to avoid collisions. For example, before starting the discovery process, announcing UE would request UE-specific resources from network entity (e.g. eNB). The mainly shortage of this method is it could only be applied to UEs with RRC connected state.
Step 2: Discovery signal transmission
Announcing UE transmits the discovery signal according to the resource allocation mentioned above. Here, the discovery signal does not carry the true ID of the UE or the application. Instead, it only carries an ID mapped to the physical layer. In another word, the true ID cannot be obtained by simply monitoring the discovery signal. This can enhance the security and facilitate the restricted discovery.
Discovery signal is a sequence, containing physical layer ID. Explicit data block may also be possible which can include physical ID with large size. From the performance point of view, especially the range of discovery, sequence based discovery signal is more feasible.

Step-3: Discovery signal detection
Monitoring UEs detects the discovery signal based on the resource allocation. One thing to consider is the detection window definition which is related to the transmission timing of discovery signal mentioned in Step 2. If the process is for the maintenance/continuity of discovery, Step 3 is the last step for monitoring UEs.

Step-4: Discovery request
When a monitoring UE detects the discovery signal, it would send request to the network asking for the true ID.

Step-5: Discovery completion
The network determines whether the monitoring UE has the right to discover the announcing UE, based on the discovery request and the higher layer configurations. If yes, the network would indicate the monitoring UE the true ID or application ID of the announcing UE.

b) Message based UE autonomous discovery
The above mentioned sequence based discovery with network assistance has the merits of tighter control by the network, higher security, easier implementation for restricted discovery, and possibly less issue of resource collision. However, from the flow chart in Fig. 1, it is also observed that sequence based discovery incurs more overhead of control signaling and longer delay of the discovery process. Therefore, message based UE autonomous discovery could be an alternative with an example shown in Fig. 2.
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Figure 2 An example of message based UE autonomous discovery
The major difference from the solution in Fig. 1 is that the discovery signal includes both detection and identification. The discovery signal is transmitted by the announcing UE. The involvement of the network is limited to the resource allocation of discovery signals. D2D UEs can discover each other by directly detecting and identifying the discovery signals.
Since detection and identification is in one-shot, both announcing UE and monitoring UE can be in idle mode during the entire discovery process. This provides more flexibility in operation. However, similar to the solution in Fig. 1, there is still possibility that different UEs transmit and receive at the same time, thus cannot find each other. Also, due to the little participation by the network, there are potential security concerns.

Proposal: both sequence based discovery with network assistance and message based UE autonomous discovery should be studied.
2.2. Outside network coverage
Compared to within network coverage scenario, discovery process may not get the assistance from the network when some D2D UEs are outside of the network coverage. Such scenario is envisioned only for public safety. For public safety operation, there are two approaches for the design:
· Unified design that fits in-network coverage, partial network coverage and out-of-network coverage
· At least two solutions, for in-network coverage and partial/out of network scenarios, respectively
There are pros and cons in each approach. Apart from what is already discussed as above, Approach 1 would lead to “over-engineering” in-network coverage scenario, since out-of-network coverage scenario is generally more challenging than in-network coverage scenario.
The discovery procedures listed in Section 2.1 may not directly be applicable for no-network coverage scenario. However, message based UE autonomous discovery may fit better in the absence of network. For example, if the resource allocation can be forwarded, or pre-configured, it is possible to rely on UE autonomous discovery without the network. In particular, pre-configuration can be done either by reusing the resource been used when the UE is in network coverage, or appoint one UE to act as the primary UE, responsible for resource allocation. 
Partial discovery is a special case of no-network coverage. In this scenario, one natural way is to let a UE within the network coverage forward the resource configuration, or appoint one primary UE to allocate the discovery resource.

3. PHY Related Issues of Discovery
Two typical discovery procedures are listed in Section 2: sequence based discovery with network assistance and message based UE autonomous discovery. The related physical layer aspects of these procedures are discussed in this section. 
3.1. Discovery Resource Configuration
The network assistance is reflected in the resource allocation for discovery signals. A normal way would be periodic allocation in time and frequency, for example, subframes containing discovery signals that occur periodically. Depending on the design of discovery signal, these subframes may be discontinuous or consecutive in time. The entire PRBs of discovery subframes can be occupied solely by D2D discovery signals (except a few PRBs reserved for PUCCH), or partially occupied by D2D. In RAN1#73 meeting, two resource allocation schemes are listed as the candidates: UE-specific and non-UE specific. The pros of UE-specific is to avoid resource collision via dedicated resources, however, the cons is that idle UEs would have difficulty in identify the UE-specific resource allocation. 
For non-UE-specific configuration, periodic resource is easier to implement, and better fit the tracking process after the initial discovery. An example of periodic resource allocation for discovery is illustrated in Fig. 3. The signaling for non-UE-specific allocation can be broadcast to UEs, e.g. carried in SIB designed specifically for D2D.
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Figure 3 An example of periodic resource allocation for discovery signals
Resource configuration itself is straightforward. However, there may be two issues to consider:
a) Inter-eNB/inter-cell resource allocation
A major trend in cellular network evolvement is the increased interest in micro/pico/femto cells. The coverage of some small cells is only 10~30 meters which may be even smaller than the coverage of D2D discovery. Hence, D2D discovery cross small cells is inevitable, which requires synchronization between neighboring cells. 

When the synchronization cannot be assumed between cells, coordination is needed across cells as seen in Fig. 4 to align the resources for discovery in time domain.
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Figure 4 Resource alignment in the absence of global synchronization across cells
The synchronization of discovery resources across cells can be coordinated by upper layer network entities, for example, by MME or new entities specifically designed for managing D2D discovery. Another alternative is to exchange discovery resources configuration between cells to enable monitoring discovery signals transmitted by UEs in neighboring cells via X2 interface.
One related question is the range for the synchronization which may depend on the coverage of the cell and the discovery, or the capacity of the discovery channels. A typical way would be to configure a tracking area, similar to LTE paging area. Same resources for discovery are reserved within a tracking area.  
It should be pointed out that since subframe boundaries of neighboring cells may not exactly aligned, therefore, the alignment shown in Fig. 4 can only ensure the coarse alignment, with the timing error fall within the detection window of the discovery signals. 
b) Collision avoidance of discovery resources 
Collision may happen in non-UE-specific resource allocation where a common resource pool is reserved for multiple UEs. Improper design may lead to the situation that different UEs would always transmit or receive the discovery signals in the same time-frequency resources, so that these UEs can never find each other. 

Discovery resource should not be chosen too randomly. This would be helpful for tracking the discovery signal after the initial discovery process. On the other hand, discovery resources should have certain random nature, which can avoid persistent allocation that can cause some UEs never being able to find each other. Therefore, when a D2D UE chooses its discovery resource, it can impose certain restriction on the resource selection, e.g., using different periods as seen in Fig. 5
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Figure 5 An illustration of configuring discovery resources with different periods to avoid persistent occurrence of transmission and reception in the same subframes
3.2. Discovery Signal
The design of discovery signal plays a key role in the performance of D2D discovery. As mentioned in above sections, discovery signal design is hinged on the discovery process. For instance, smaller payload is expected in sequence based discovery, while more bits can be communicated between D2D UEs in the case of message based discovery.

In addition, the design of discovery signal also depends on the requirement of synchronization. When synchronization can be assumed between UEs, discovery signal is only used for detection purpose. When synchronization between UEs is not guaranteed, discovery signal should also have the capability of synchronization. 

In sequence based discovery, if synchronization is already achieved, reference signals such as uplink DMRS and SRS can be considered for discovery. However, if synchronization is not yet achieved, PSS/SSS or RACH preamble may be the choice. New sequence is also possible. 
For message based discovery, a traffic channel such as PUSCH may be required. Similar to sequence based discovery, when synchronization is required, discovery signal should include the sequence that facilitate the synchronization procedure. Through the detection of this sequence, reception window can be determined.

Table 1 Performance comparison between sequence and message based discovery 

	
	Sequence based
	Message based

	Number of UEs in transmission per discovery subframe per sector
	64
	15

	Number of UEs in reception per discovery subframe per sector
	1

	Average number of announcing UEs detected by a monitoring UE per discovery subframe per sector
	40
	4.5

	Power consumption at transmitters (unit/second)
	9.855
	19.288

	Power consumption at receivers (unit/second)
	33.76

	Discovery signal overhead（10MHz bandwidth，1-second discovery period）
	0.12%


Let us use PRACH format 0 as an example of sequence based discovery and PUSCH as an example of message based discovery. In PRACH format 0, each subframe for D2D discovery contains one discovery channel that occupies 6 PRBs and can have maximum of 64 cyclic shifts. For PUSCH based discovery signal, six PRBs are allocated, each corresponding to one discovery channel and modulated with QPSK. The detection or decoding is one-shot, i.e., limited to one subframe. The discovery period is one second and there are 10 D2D discovery subframes per one-second discovery period. In the simulation, there are 150 UEs per sector, hot-spot dropped. In each D2D discovery subframe of a cell, one UE is monitoring or receiving, while 64 UEs and 15 UEs are transmitting PRACH format 0 sequences and PUSCH message, respectively. 

Interference between discovery channels is generally small when PRACH format 0 is used, due to the low cross correlation between different sequences [3]. Hence, when same amount of time-frequency resource is used, the “capacity” of the announcing UEs by using PRACH format 0 is significantly higher than using PUSCH, as seen from Table 1. 
Another advantage of sequence based discovery is that the monitoring UE can report a large number of detected sequences (or temporal IDs of announcing UEs) to the network which can perform the higher layer authorization of multiple potential UE pairs in a batch. 
PRACH format 0 signal is more robust to the interference, thus can find UEs within 400 meters at 95 percentile. In contrast, PUSCH based discovery can only discover UEs up to 200 meters away. Nevertheless, in PUSCH based discovery, about 100 bits can be carried per discovery channel, much higher than that of PRACH format 0.
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Figure 6 UE-UE distance CDFs of sequence and message based discovery
3.3. Transmission timing for discovery signal
During RAN1#73, four options are listed for determining D2D discovery signals transmission timing. GNSS based synchronization has limited deployment scenarios since the GNSS signal cannot easily detected when UEs are indoor. 
When there is network coverage, serving cell timing can be a reliable reference for synchronization. Such method is more stable and easier to implement.  When the network coverage is absent, primary UE can provide accurate timing reference. Server cell timing can be used in three ways. Timing based on downlink reception is a natural choice, which is especially suitable for idle UEs. 

4. Summary
Physical layer issues of D2D discovery were discussed in this contribution. Two discovery procedures: sequence based or message based discovery, were studied. Periodic resource allocation seems to be a good choice for discovery signals, which is favorable to the tracking after the initial discovery process. The design of the discovery signals depends on the requirement for synchronization. A key design question is whether the discovery signal should contain a large amount of information. GNSS based transmission timing may not work in certain deployment environment. Timing reference according to downlink cell timing may be a good choice. 
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Appendix: 
Table A1 Simulation assumptions 
	Parameter
	Assumption/Value

	Network layout
	Option 1

	Inter-site distance (ISD)
	500 m

	Outdoor to outdoor pathloss
	1. O2O pathloss uses Winner+ B1 pathloss (PL_B1) with:

a. h_BS = h_MS = 1.5m

b. h_BS’ = h_MS’ = 0.8m

c. LOS offset = 0 dB

d. NLOS offset = -5 dB (used to reduce pathloss)

2. Total O2O pathloss is given by PL_B1_tot = max(PLfreespace, PL_B1)

	Outdoor to indoor pathloss
	a. LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

b. NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS

	LOS Probability
	Outdoor to outdoor
	ITU-R IMT UMi

	
	Outdoor to indoor
	ITU-R IMT UMi

	Shadowing
	Outdoor to outdoor
	7 dB log-normal

	
	Outdoor to indoor
	7 dB log-normal

	Penetration Loss
	20dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz (50 RBs)

	Mini. distance between UE and Macro
	35 m

	Minimum distance between UEs
	3 m

	UE power class
	23 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Discovery signal type
	Sequence based: PRACH Format 0

Message based: QPSK, code rate = 0.438
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(a) PRACH format 0
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(b) PUSCH

Figure A1 PRACH and PUSCH link curves
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