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1 Introduction
At the RAN1#77 meeting [1] and RAN1#76b meeting [2], the following agreements were achieved for synchronization procedure. Discussion also continued at RAN1#78 [3].
RAN1#77 meeting:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

RAN1#76b meeting:
· 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

Since in the D2D exception sheet, it is noted that the following remains to be specified: “Outstanding details of receiver behavior in relation to gaps, assumptions on RS used for estimating each channel and how the UE does synchronization and measurements”, it is necessary to determine this X value, and based on which measurements it is defined. It is also noted that there are quite a few “FFS” that need to be resolved.
In this contribution, the conditions for D2DSS transmission mainly concern partial and out-of-coverage scenarios. The conditions for D2DSS transmission in-coverage are discussed in more depth in [6]. Note that we also have related contributions that should be taken into account when reading this one. They cover: the D2DSS signal design [5], resource allocation [4], the in-coverage synchronization related procedure [6], and the content and design of PD2DSCH [7].
2 D2DSS transmission 
In this section, we discuss UE behavior in partial coverage and out-of-coverage scenarios. In section 3 and section 4 of this contribution, we will discuss how and when a UE becomes a D2D synchronization source. 

2.1 Partial coverage scenario with network timing
For public safety application, the partial coverage scenario is an important case to address. The partial scenario is illustrated in Figure 1. Both UE1 and UE2 transmit D2DSSue_net to UE3; UE3 synchronizes to UE1 and/or UE2, and transmits D2DSSue_oon to UE4. UE3 needs to receive D2DSSue_net and transmit D2DSSue_oon, but there is half duplex constraint for D2D transmission and reception. Hence, the D2DSSue_net and D2DSSue_oon should be time-multiplexed, for instance into different subframes, e.g. D2DSSue_net subframe and D2DSSue_oon subframe. 
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Figure 1: D2DSS transmission in partial coverage scenario
The half-duplex constraint can be alleviated by introducing a time offset (Toffset) between the D2DSSue_net subframe and the D2DSSue_oon subframe, as illustrated in Figure 2. The Toffset value can be predefined in the specification. The period of D2DSSue_net and D2DSSue_oon is the D2D period TD2DSS, which can be fixed to 40ms [5]. The D2DSSue_net and D2DSSue_oon use two different PD2DSS sequences [5]. The TDMed D2DSS transmission for D2DSSue_net and D2DSSue_oon does not increase the D2DSS detection complexity: for two sequences pair of PD2DSS used [5], only one matched filter is needed. 
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Figure 2: TDM of D2DSS transmissions for D2DSSue_net and D2DSSue_oon
In addition, Toffset can be related to the synchronization source current hop number. For example, the first hop D2DSS transmission is at the baseline location and the D2DSS transmission with different current hop number can have a different Toffset from the first one.
Proposal 1:
· Subframes where D2DSS from D2DSSue_net are received, are separated by a time offset, with subframes where D2DSS from D2DSSue_oon are transmitted.
· Both D2DSSue_net and D2DSSue_oon have the same period.
The question of whether to support multi-hop D2DSS transmission has been raised, e.g., in [8]. If no multi-hop is supported, this will naturally infer that a UE can receive signal with different time/frequency references. This has potentially negative consequences on the system operation:

· More interference on the WAN. 
· For the partial coverage scenario, more UEs will transmit with their own timing, thus creating more ISI interference signal at the eNB, since the PS UEs have higher transmit power than the cellular UEs. Furthermore, for an in-network-coverage D2D UE, the transmitting UE is expected to have a negligible frequency offset (e.g., ±0.1 ppm). But for an out-of-coverage asynchronous to eNB D2D transmission UE, it can be up to ±10 ppm frequency offset [9]. This will generate significant ICI. 

· More interference from other D2D links on a given D2D link. 
· The frequency offset can create significant ICI on D2D communication as well: if each D2D transmitter has ±10 ppm frequency offset, guard band will be needed to avoid orthogonal resource allocations to overlap. More importantly, non integer subcarrier frequency error will be a significant source of ICI. 

· More timings need to be maintained by each receiver. 
· For every D2DSS signal, a different timing needs to be maintained. In order to perform D2DSS detection, the receiver has to interrupt its data/SA reception and/or transmission to scan for D2DSSs sent by other UEs. When multiple asynchronous signals arrive at the receiver, the scanning time will be significant, thus requiring to pre-configure a longer scanning time. Furthermore, how to maintain synchronization with all the received D2DSSs will create a significant burden on the receiver. 

In our view, supporting multi-hop simplifies operation, since the number of Tx timings to acquire can be significantly reduced [8], thus alleviating the problems described above. 
2.2 Out-of-coverage scenario without network timing
For the out-of-coverage without network timing available, similar issues as for partial coverage exist. In our view, ‘flat’ timing, as proposed in [10], would be difficult to achieve in practice, since it would be very difficult to have all different synchronization sources achieve the same exact timing reference. Even if every synchronization source has a GNSS module, it may not work in the indoor environment. Thus, multi-hop should be supported. A maximum number of hops of three appears to be appropriate (see e.g., the analysis in [8]).
Proposal 2:
· For out-of-coverage/partial coverage, multi-hop D2DSS transmission is supported
·  The maximum hop count is 3
3 Criteria for transmitting D2DSS
In this section, criteria for a UE to become a synchronization source are discussed, i.e., whether and when it can transmit a D2DSS.
3.1 Is received D2DSS signal strength sufficient?
It was agreed to use received D2DSS signal strength as a criterion for D2DSS transmission. In our view, while important, using this criterion only may not be enough. For example, a D2D UE could be detecting only one D2DSS with signal strength just above the threshold X. Unless X is large, the D2D UE is likely far away from the majority of D2D UEs. In such a case, this D2D UE may become a synchronization source to transmit D2DSS. Thus, additional criteria for D2DSS transmission may be beneficial. 
3.2 Number of received D2DSSs
One useful additional parameter could be the number of received D2DSSs. This would directly address the problem mentioned above. The number of received D2DSSs above the threshold X is an indicator of robustness of the D2D operation: if a UE can only receive one D2DSS above the threshold X, communications may not be robust for this UE since the loss of this particular synchronization signal would break the D2D operation. Thus, we suggest adding the number of received D2DSSs above X as a metric to consider when deciding whether to become a synchronization source. In order to avoid unnecessary multiplication of the number of synchronization sources, we suggest using a small number of received D2DSSs, e.g., 2 or 3. 3 is slightly preferred as a compromise between minimizing the number of synchronization sources and timing robustness. 
Proposal 3:
· For out-of-coverage scenario, a UE can become a D2D synchronization source only if the number of received D2DSSs with signal strength above X is less than 3.
3.3 UE category
It has some impact on the UE to be a D2D synchronization source. In particular, it creates a significant drain on the UE battery. Some additional criteria may need to be considered to limit UE power consumption. For instance, for out-of-coverage UEs, only public safety UEs may become synchronization sources. For in-coverage UEs, only UEs configured by eNB become synchronization sources [6]. 
4 D2DSS signal strength measurement
4.1 D2DSS signal strength computation
For a D2DSS receiver, in order to compute different D2DSSs’ signal strength, synchronization to every D2DSSs is required. This task is performed in the D2DSS detection module. Essentially, this implementation-specific module provides a list of signal correlation value, Sn, and related D2DSS IDn. However, it has to be specified what the D2DSS signal strength measurement is (e.g., RSRP, RSRQ) 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. In our view, since the objective of the signal strength measurement may be a criterion for D2DSS transmission, an ‘RSRP-like’ measurement is sufficient.
Observation 1: An ‘RSRP-like’ measurement is sufficient for determining the D2DSS signal strength. 
4.2 Measurement definition
While the D2DSS signal strength measurement is not reported, it should be standardized to make sure that the threshold X has the same meaning for two different UEs. For D2DSS, both PD2DSS and SD2DSS can be used for the signal strength measurement. 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 sequence of SD2DSS is binary, using SD2DSS to compute received signal power is simpler than using PD2DSS, which is produced by non-binary multiple phase ZC sequence. Furthermore, there will likely be more SD2DSS sequences than PD2DSS sequences (see e.g., [5]). Thus, using SD2DSS sequences also has the benefit of being able to differentiate more synchronization sources.
For out-of-coverage scenario, a measurement similar to the RSRP in LTE [11] could be used to define a D2D Synchronization Signal Received Power (SSRP) measurement. It can be defined as Synchronization Signal Received Power (SSRP), as follows: SSRP is the linear average over the power contributions (in [W]) of the resource elements that carry SD2DSS within the located frequency bandwidth.
Proposal 4

· The computation of the received signal strength of a D2DSS is based on Synchronization Signal Received Power (SSRP):

· 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
4.3 Measurement method and computation of X
It was agreed that the D2DSS signal strength threshold value of X can be pre-configured [2]. In this section, we give details on how to pre-configure X. 
In order to give the value of X for D2DSS signal strength, a measurement method needs to be defined. For D2D synchronization source signal strength, the cell selection criterion S in LTE can be used [12]. For example, a Srxlev parameter can be defined such that in a pre-defined duration, if Srxlev<0 no effective D2DSS is considered detected. The parameter could be defined as follows (refer to Table 1 for definitions). 
Srxlev = Qrxlevmeas – X

X = Qrxlevmin + Qrxlevminoffset
Table 1. Measurement parameters.
	Srxlev
	D2D synchronization source selection RX level value (dB)

	Qrxlevmeas
	Measured value of SD2DSS RX level (dBm)  

	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 [13]. 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 to define the minimum required RX level of the SSRP. 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 5: 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 values to be decided by RAN2 or RAN4. 
4.4 Received signal strength measurement window
While RAN1 can 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 [2]. A number of alternatives could then be considered to decide 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 2: 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.
5 Conclusions
This contribution discussed the conditions for D2DSS transmission in- and out-of coverage. 
For D2DSS transmission, we propose:
Proposal 1:
· Subframes where D2DSS from D2DSSue_net are received, are separated by a time offset, with subframes where D2DSS from D2DSSue_oon are transmitted.
· Both D2DSSue_net and D2DSSue_oon have the same period.
Proposal 2:
· For out-of-coverage/partial coverage, multi-hopD2DSS transmission is supported
·  The maximum hop count is 3
Proposal 3:
· For out-of-coverage scenario, a UE can become a D2D synchronization source only if the number of received D2DSSs with signal strength above X is less than 3.
For the D2DSS signal strength measurement, we propose: 

Proposal 4

· The computation of the received signal strength of a D2DSS is based on Synchronization Signal Received Power (SSRP):

· 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
Proposal 5: 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 values to be decided by RAN2 or RAN4. 
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