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1 Introduction
In the RAN1#76b meeting [1], the following agreement has been achieved for out-of-coverage synchronization procedure.
Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS

In this contribution, the out-of-coverage D2D synchronization procedure is discussed, and suggestions are given for the open issues in the above agreement.
2 Criteria for a UE to become a D2D synchronization source
In this section, criteria for a UE to become or not to become a synchronization source are discussed, i.e., whether and when it can transmit a D2DSS.
Received D2DSS signal strength

The agreement implies that the received D2DSS signal strength is a criterion for D2DSS transmission. The details on D2DSS signal strength measurement and selection of threshold X is discussed in Sec. 3. However, the condition that a D2DSS only can be transmitted if all received D2DSSs are below a threshold may be quite restrictive. For example, a D2D UE could be detecting a large number of D2DSSs with signal strengths being far below the threshold X, while at the same time detecting a single D2DSS with signal strength just above the threshold. That is, the D2D UE is likely far away from the majority of D2D UEs, except for one D2D UE. Under the current agreement, the UE may not be allowed to transmit the D2DSS in such a case, which may not necessarily be beneficial in terms of robustness or connectivity. Thus, it could be reasonable to also consider additional criteria for D2DSS transmission. 
Number of received D2DSSs
In order to allow D2DSS transmission even if the signal strength of at least one D2D UE is above the threshold X, additional measures could be considered, e.g., the number of received D2DSSs. Since there is no centralized control point or network equipment, the robustness of D2D communication and discovery in out-of-coverage will be related to the number of D2DSSs detected by a D2DSS receiver. If a UE, or a group of UEs, can only receive one D2DSS being above the threshold X, communications may not be robust for this UE, or group of UEs. For example, once the only detected D2DSS become weak or vanish under some condition (blocked by some obstacle, or powered off), the group of UEs will be lose synchronization and suffer from unpredictable behaviour. Synchronization can then not be re-established until the received D2DSS signal strengths have been measured and been confirmed to be below the threshold. Once D2DSS has been transmitted, additional time will also be required for the receivers to perform the synchronization. 

Observation 1: Only using signal strength based criterion to become a D2D synchronization source may lead to non-robust operation and an additional criterion using the number of received D2DSSs should be considered.
Therefore, it would be beneficial to allow D2DSS transmission using an additional criterion based on the number of received D2DSSs. On the other hand, if the number of D2DSSs detected by a D2D UE is large, it is not necessary for a UE to become a new synchronization source. Having too many synchronization sources would increase the D2DSS receiver complexity and create interference among different synchronization sources. Hence, if a UE should transmit a D2DSS, the maximum number of received D2DSS should be not larger than a predefined value M. Since there are 3 PSSs in LTE, we think 3 may be a reasonable choice for the parameter M. 
UE behaviour
The user behaviour also has impact to a D2D UE to become a D2D synchronization source. The following user behaviours may result in a D2D synchronization source UE may not become or shall cease to be a D2D synchronization source: 
· A user wants to reduce its terminal power consumption.
· A user may power off or shift its terminal to airplane mode. 
However, it is unclear whether there is any specification associated with such UE behaviour, at least it does not appear to be an issue for RAN1.  
From the above discussion, in addition to the agreed signal strength based criterion, we propose: 

Proposal 1: For out-of-coverage scenario, if at least 1 received D2DSS has signal strength above X, 
· A UE can become a D2D synchronization source:
· If the number of received D2DSSs with signal strength above X is not larger than M.
· A UE cannot become a D2D  synchronization source:

· If the number of received D2DSSs with signal strength above X is larger than M, and M = [3].
3 D2DSS signal strength measurement
Computation method of D2DSS signal strength
For a D2DSS receiver, in order to compute different D2DSSs’ signal strength, synchronization to every D2DSSs is required. This function is implemented by every D2DSS’s receiver detection module. An example of a basic D2DSS detection module is given in Fig.1.
In Fig.1, the incoming D2DSS baseband samples signal will be input to the D2DSS filter module and after detection, the candidate D2DSS list will be output. The output may include the signal correlation value, Sn, and related D2DSS IDn.  How to perform D2DSS detection is an implementation issue which does not require standardization. In particular, the value X should not have any relation or impact to the D2DSS synchronization detection module. The key problem is how to define the D2DSS signal strength measurement and the exact value of X. 

Since the signal and the timing of every candidate D2DSS can be detected in the D2DSS synchronization detection module, a measurement of the received signal strength of the D2DSS should be defined. Furthermore, since the objective is only to use this measurement as a criterion for D2DSS transmission in comparison to a threshold, an ‘RSRP-like’ definition is sufficient, and a ‘RSRQ-like’ measurement may not be necessary. An ‘RSRQ-like’ measurement could be used to evaluate which D2DSS is the best one and which is the worst one for synchronization, however, this is not required for determining whether D2DSS should be transmitted.

Observation 2: An ‘RSRP-like’ measurement is sufficient for determining the D2DSS signal strength. 
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Figure 1. Example of a basic D2DSS synchronization detection module.
Measurement definition
The D2DSS signal strength measurement would be internal to the UE, i.e., it is not reported to any other network node. However, in order to have robust network behavior, the exact measurement of D2DSS signal strength should be defined. In D2DSS, both PD2DSS and SD2DSS (if specified) can be used for the signal strength measurement. It is noted that both these signals include more REs than the CRS within a 6 PRB bandwidth. Moreover, if there are multiple PD2DSSs (or SD2DSSs) in a subframe [5], the measurement could utilize all of them. However, it would be difficult to define a suitable threshold X if both the PD2DSS and SD2DSS are used since they may have different transmit power. Thus, either the PD2DSS or the SD2DSS should be used. Since the SD2DSS is binary, using SD2DSS to compute received signal power will be simpler than using PD2DSS, which is produced by non-binary multiple phase ZC sequence.
In out-of-coverage, a measurement similar to the RSRP in LTE [2] could be used to define a D2D Synchronization Signal Received Power (SSRP) measurement. It can be defined as the following.
Table.1. Synchronization Signal Received Power (SSRP).
	Definition
	Synchronization Signal Received Power (SSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry Secondary D2D Synchronization Signals (SD2DSS) within the located frequency bandwidth. 


Observation 3: The computation of the received signal strength of a D2DSS can based on the SD2DSS.
Measurement method and computation of the value of X
It was agreed that the D2DSS signal strength threshold value of X can be pre-configured [1]. However, how to pre-configure X, especially in the out-of-coverage scenario is unclear, since there is not any network equipment who can signal a configuration. One method is to pre-define the value of X (i.e., explicitly specify a single value) and another method is to compute the value of X by some pre-defined parameter. 
In order to give the value of X for D2DSS signal strength, a measurement method should be given first. For D2D synchronization source signal strength, the cell selection criterion S in LTE can be used for reference [3]. For example, a criterion can be defined such that when a parameter Srxlev is such that all the detected D2DSSs’ Srxlev<0 in a defined duration, then it can be regarded as no effective D2DSS has been detected. The parameter could be defined as follows and with parameters of Table 2. 
Srxlev = Qrxlevmeas – X

X = Qrxlevmin + Qrxlevminoffset
Table 2. Measurement parameters.
	Srxlev
	D2D synchronization source selection RX level value (dB)

	Qrxlevmeas
	Measured value of SD2DSS RX level (dBm)  (defined in Table 1)

	Qrxlevmin
	Minimum required RX level of the SSRP (dBm) , which can be pre-defined

	Qrxlevminoffset
	Offset to the Qrxlevmin, which can be pre-defined


The parameter Qrxlevmeas can be computed by averaging or filtering of SSRP among different measurement opportunities [4]. Both the parameters Qrxlevmeas and Qrxlevmin can be pre-defined and the values would be determined by RAN2 or RAN4. The parameter Qrxlevmin is used define the minimum required RX level of the SSRP. And Qrxlevminoffset is an offset to the Qrxlevmin, which includes the interference margin and the signal strength fluctuation margin and there can be one pre-determined value for Qrxlevmin. 
Proposal 2: For out–of-coverage, the D2DSS signal strength detection threshold value X, can be determined by
X = Qrxlevmin + Qrxlevminoffset
where 
· Qrxlevmin and Qrxlevminoffset are pre-defined and the values will be decided by RAN2 or RAN4. 
How long the received signal strength has to be below X dBm
While RAN1 may define the physical layer measurement SSRP, details regarding how to measure signal strength in terms of averaging or procedures, may involve RAN2 and RAN4. We note that it has been agreed that the period of D2DSS is not smaller than 40 ms [1]. A number of alternatives could then be considered for defining for how long the signal strength should be below the threshold.  For example, if the SSRP is measured over N D2DSS periods, the following could be considered:
· The Srxlev is below 0 dBm over N periods.
· The average Srxlev over N periods is below 0 dBm.
· The Srxlev is below 0 dBm for at least Y out of N periods.
The value of N should be chosen to balance the detection complexity and the received D2D synchronization source availability. 
Observation 4: N D2DSS periods can be used to decide whether the signal strength is below X dBm and the value of N should be chosen to balance the detection complexity and the received D2D synchronization source availability.
4 Conclusions
This paper discussed the D2D synchronization procedure for out-of-coverage. We propose that:
Observation 1: Only using signal strength based criterion to become a D2D synchronization source may lead to non-robust operation and an additional criterion using the number of received D2DSSs should be considered.
Observation 2: An ‘RSRP-like’ measurement is sufficient for determining the D2DSS signal strength. 
Observation 3: the computation of the received signal strength of a D2DSS will base on the SD2DSS RSRP (SSRP), as table 1.
Observation 4: N D2D synchronization source period can be used to decide whether the signal strength below X dBm, the value of N should be chosen to balance the detection complexity and the received D2D synchronization source availability.
Proposal 1: For out-of-coverage scenario, if at least 1 received D2DSS has signal strength above X, 
· A UE can become a D2D synchronization source:
· If the number of received D2DSSs with signal strength above X is not larger than M.
· A UE cannot become a D2D  synchronization source:

· If the number of received D2DSSs with signal strength above X is larger than M, and M = [3].
Propose 2: for out of coverage, the D2D synchronization source signal strength detection threshold value X, can be determined by
X = Qrxlevmin + Qrxlevminoffset
where Qrxlevmin and Qrxlevminoffset can be pre-defined, and the values will be decided by RAN2 or RAN4.
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