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1 Introduction
　
In RAN1#74 meeting, several D2D synchronization and discovery techniques were discussed and the following agreements were obtained concerning the inter-cell D2D discovery [1]:
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS

In this contribution, with the above agreements in mind, we consider D2D discovery procedure in an asynchronous synchronization-group scenario.
2 Discussion
2.1  Synchronization group
It is considered that there are several serious problems in the global synchronization approach, where all the UEs depend on the single reference synchronization over the entire system [2]. In reality, the presence of propagation delays and UE mobility causes an unstable time/frequency reference. Moreover, the periodical transmission/reception of the reference signals for all the UEs can significantly increase interference and UE power consumption.   

Thus, in practice, it is desirable that UEs in certain proximity have a common reference for synchronization. This provides different synchronization references, and UEs in the same synchronization group, the UEs with the same synchronization reference, are able to be securely synchronized in both frequency and time. 
For example, when the UEs are in coverage and they are synchronized with the different eNodeBs that are asynchronously operated, these UEs are supposed to belong to different synchronization groups.
In case of the out-of-coverage scenario, when the cluster head UE, the master UE that provides some synchronization signals for the associated D2D UEs, has a unique synchronization group, the UEs associated with different cluster heads are also supposed to belong to different synchronization groups.
When the UE needs to synchronize with another UE between the different synchronization groups, it will require more power consumption than within the same synchronization group. Thus, we think it necessary to consider the D2D discovery in the inter-synchronization-group scenario. 
2.2  D2D scenarios 
In TR 22.803, several D2D scenarios are described. We here consider two public safety scenarios, ProSe discovery within network coverage and ProSe broadcast, to illuminate how the discovery signals work for both scenarios.

In the service flows of the ProSe discovery scenario [1]: 
Officer A moves into proximity of Officer B and Officer C.
Officer A’s UE discovers Officer B’s UE and Officer C’s UE upon entering proximity.

Officer B’s UE and Officer C’s UE discover Officer A’s UE upon entering proximity.

When the UE needs to detect only the presence of other UEs, as in the above case, there is no need for the UE to accurately synchronize in frequency as the use of a correlator will successfully detect the peak even when there is a certain frequency error. Thus, it is possible that officer A’s UE detects the other officers’ UE discovery signals without accurate frequency synchronization. 

On the other hand, however, in the service flows of the ProSe broadcast scenario [1]:
After arriving at the scene of a fire, fire-fighters A-D’s UEs discover each other and communicate among themselves in communications group X using ProSe Group Communications.

In this case, D2D communication is subsequently initiated after the discovery. Thus, it is considered that the D2D UEs require the synchronization with both timing and frequency accuracy because they are necessary for the communication part.
Thus, it is observed that there are two possibilities in the D2D discovery:
Observation 1:

1. Discovery only use case: Discovery can be implemented only with a correlator. Detection of the D2D UEs can be easily performed regardless of whether the synchronization group is the same or other.
2. Discovery for communication use case: The UE has to fully synchronize with other UEs for both time and frequency.
Therefore, the appropriate implementation of the discovery mechanism can depend on the subsequent procedure. This is especially important when the discovery is initiated between the UEs for different synchronization groups because they are usually asynchronous and needs some additional power consumption to fully acquire the synchronization.  
Proposal 1:
Discovery signal should be designed taking into account what is necessary for the subsequent procedure.

2.3  Discovery signal sequence
Fig. 1 shows the D2D discovery scenario in the inter-synchronization-group scenario. The UEs in synchronization group #1 are supposed to use the discovery signal sequence of D1, D2, or D3 when they has to discover the UEs, while the UEs in synchronization group #2 use the discovery signal sequence of D4, D5, or D6. When UE #1 detects sequence D1, it identifies that the discovery signal comes from the same synchronization group. When it detects D4, it recognizes that the discovery signal comes from another synchronization group.   
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Fig. 1 D2D discovery in inter-synchronization group

When the UE is able to identify the synchronization group upon the reception of the discovery signal, it can easily decide whether or not some synchronization is needed before it proceeds to the subsequent procedure.

Proposal 2:

Discovery signal should be designed to convey synchronization group information, which can be useful for the subsequent procedure.

In the previous RAN1, it is agreed that a scheme that requires no prior knowledge should be implemented for the reception of the discovery signal. The scheme we propose here does not require such prior knowledge.
3. 
Conclusions
In this contribution, we discussed the discovery signals in the inter-synchronization-group scenario.

The following observations and proposals are made: 
Observation 1:

1. Discovery only use case: Discovery can be implemented only with a correlator. Detection of the UEs in other synchronization group can be performed without the need of accurate frequency synchronization.

2. Discovery for communication use case: Synchronization (both time and frequency) is needed. 

Proposal 1:

Discovery signal should be designed taking into account what is necessary for the subsequent procedure.

Proposal 2:

Discovery signal should be designed to convey synchronization group information, which can be useful for the subsequent procedure.
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