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1
Introduction
The issues related to D2D synchronization procedure have been discussed over several RAN1 meetings. For the selection and reselection criteria of the D2D synchronization source, we have the following working assumptions and agreements.
Working Assumption from RAN1#75 [1]
· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· FFS whether/when a UE transmits D2DSS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 

· Detailed rules FFS

Working assumption from RAN1#75 [1]
· At a given time, the reference point in time for the D2D signal transmission time is derived from at most one D2DSS 

· Note that “one D2DSS” might in practice in some situations be comprised of SFN transmissions from multiple synchronization sources (although of course this is not visible to the receiver). 

Agreement from RAN1#76bis [2]
· 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 synchronisation source are FFS

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

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

Agreement from RAN1#76bis [2]
· For selection of a timing reference D2D synchronization source

· The same prioritization rules should be applied for selection and reselection of the synchronization sources

Agreements from RAN1#77 [3]
· 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
However, the following two issues still remain FFS: (i) the trigger conditions for a UE to be a D2D synchronization source, and (ii) the priorities among D2DSS to be the timing reference when multiple D2DSSs from different D2D synchronization sources are received. In this contribution, we evaluate the D2D synchronization performance over different prioritization rules among D2DSSs and trigger conditions to be a D2D synchronization source.
2
Discussion on trigger conditions and prioritization rules among D2DSSs
2.1
Procedure for in-coverage UEs

By aligning with the working assumption that synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs, when a UE powers on, it scans for PSS and SSS broadcasted from an eNB. If PSS and SSS can be detected, then the UE proceeds to the synchronization procedure in Rel. 8 to synchronize to the eNB. In this case, the UE may subsequently decide whether to transmit D2DSS as a D2D synchronization source. We may have four alternatives.
· Alt. 1.1: The UE transmits D2DSS as a D2D synchronization source if it receives D2DSS from another UE with the timing reference not derived from the eNB and the signal strength of the received D2DSS exceeds X dBm.
· Alt. 1.2: The UE does not be a D2D synchronization source at all the time.
· Alt. 1.3: The UE always be a D2D synchronization source and transmits D2DSS at some occasions when the resources for D2DSS transmissions are available.  
· Alt. 1.4: The UE becomes a D2D synchronization source if the eNB configures the UE to do so.
In Alt. 1.1, a UE needs to ocassionally scan the resources those may be potentially used by other UEs to transmit D2DSS. In Alt. 1.4, there are three cases that an eNB may configure the UE to be a D2D synchronization source. (i) A UE scans the existence of D2DSS transmitted from other UEs (like Alt. 1.1) and reports this information to the eNB. The eNB then makes the decision whether to configure a UE to be a D2D synchronization source. (ii) A UE scans the existence of D2DSS transmitted from other UEs (like Alt. 1.1) and proactively asks for the eNB to configure it to be a D2D synchronization source. (iii) The eNB makes the decision based on information not collected by UEs. In the first two cases, the performance may be similar to that of Alt. 1.1, while the performance of the third case may be FFS. As a result, for the trigger conditions for in-coverage UE, we only need to evaluate Alt. 1.1, Alt. 1.2, and Alt. 1.3.
2.2
Procedure for out-of-coverage UEs
For out-of-coverage UEs, two scenarios are considered. (i) A UE powers on, whle it can not detect PSS and SSS from an eNB. (ii) A UE changes the state from being able to detect PSS and SSS, to fail to detect PSS and SSS. In both scenarios, a UE needs to decide whether it should be a D2D synchronization source. If there is no D2DSS that can be detected (specifically, the signal strength of all D2DSSs is below Y dBm, or the hop counts of all D2DSS exceed Z), then a UE becomes a D2D synchronozation source to transmit D2DSS. On the other hand, if multiple D2DSSs can be detected, then a UE needs to select a D2DSS to derive the timing reference from. We therefore may have the following prioritization rules when multiple D2DSSs are detected.
· Alt. 2.1: Timing reference derived from an eNB >large signal strength > small hop count
· Alt. 2.2: Timing reference derived from an eNB > small hop count > large signal strength
· Alt. 2.3: Small hop count > timing reference derived from an eNB > large signal strength
· Alt. 2.4: Small hop count > large signal strength > timing reference derived from an eNB
· Alt. 2.5: Large signal strength > small hop count > timing reference derived from an eNB
· Alt. 2.6: Large signal strength > timing reference derived from an eNB > small hop count
In above prioritization rules, if a UE detects multiple D2DSSs those have the same value of the first priority or no D2DSS with the value of the first priority, then the UE checks the second priority on the selection of D2DSS. Similarly, if a UE detects multiple D2DSSs those have the same value of the second priority or no D2DSS with the value of the second priority, then the UE checks the third priority. Here, “small hop count” means that a D2DSS with a smaller hop count has a higher priority, while “large signal strength” means that a D2DSS with higher signal strength has a higher priority. The hop count is defined by the following. (a) For UEs able to detect PSS and SSS from an eNB, the hop count is 1. (b) For UEs whose timing references are derived by themselves, the hop count is 0. (c) For UEs whose timing refrences are derived by other D2DSSs, the hop count is that of the selected D2DSS increased by 1.  
3
Performance Evaluation and Discussion
In this section, we evaluate the synchronization performance of all above alternatives by adoping the simulation assumptions and parameters listed in Table I. In this simulation, the total number of UEs is 175. For Alt. 1.3 and all alternatives for out-of-coverage UEs, if a UE decides to be a D2D synchronization source and when a resource for transmitting D2DSS is available, the UE transmits D2DSS occasionally following a probability q. There are two reasons behind this mechanism. (i) When multiple UEs share the same resource pool to transmit D2DSSs, a UE needs to occasionally suspend the D2DSS transmission to scan the existance of other D2DSSs. The suspension of D2DSS transmissions may not be synchronized among UEs, to enhance the opportunity of D2DSS detection. (ii) Occsionally transmitting D2DSS also facilitates power saving. 
Table I. Simulation assumptions and parameters for D2D synchronization
	Simulation assumptions/parameters
	Value

	Number of UEs
	175

	UE deployment
	Randomly deployed in a 1 km2 area 

	TX power of D2DSS
	23 dBm

	Bandwidth
	10 MHz

	Noise power density
	-174 dBm/Hz

	Path loss model
	PL = 43.3log10(d) + 11.5 + 20log10(fc)

(Indoor NLOS)

	Shadow fading std
	4 dB

	q
	0.5

	SINR threshold of D2DSS
	-10 dB

	Timing refrence update period
	1 transmission period

	Number of UEs within network coverage
	20

	Measurement time 
	250 D2DSS transmission periods

	X in Alt. 1.1
	5 dBm


In Fig. 1, the performance of D2D synchroization under different alternatives is shown. The values shown in Fig. 1 demonstrate the number of D2DSS transmission periods as the maximum timing difference among 98 percentile UEs is less then 3μs. From Fig. 1, we have the following observations.
Observation 1. In-coverage UEs always declining to transmit D2DSSs (i.e., Alt. 1.2) may not result in an unique timing reference among all UEs.
Observation 2. For Alt. 1.1 and Alt. 1.3 (in-coverage UEs always be D2D synchronization sources and in-coverage UEs become D2D synchronization sources only if a D2DSS with signal strength exceeding X dBm is received while the timing reference of this D2DSS is not derived from an eNB), the performance is similar.
Observation 3. As considering the largest D2DSS signal strength as the first priority, the performance is slightly degraded. 
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Fig.1. number of D2DSS transmission periods as the maximum timing difference among 98 percentile UEs is less then 3μs.

Observation 3. As considering the largest D2DSS signal strength as the first priority, the performance is slightly degraded. 
Observation 4. The performance of considering different priorities between small hop count and timing reference derived from an eNB is similar.

The reason of Observation 4 can be realized from Fig. 2, which shows the hop count of each UE when all UEs are synchronized. We can observe from Fig. 2 that the hop counts of most UEs are around the same level, which demonstrates that deriving the timing reference from the D2DSS with the smallest hop count and the D2DSS with the timing reference derived from an eNB may be somehow eventually equivalent. 
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Fig. 2. The hop count of each UE when UEs are synchronized (Alt. 1.3+Alt. 2.3).
Based on above observations, we propose the D2D synchronization procedure as shown in Fig. 3. 

Proposal 1. UEs adopt the D2D synchronization procedure as shown in Fig. 3.
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Fig. 3. D2D synchronization procedure
4
Conclusion

In this contribution, firstly we investigate different trigger conditions for a UE to be a D2D synchronization source, and the priorities among D2DSS to be the timing reference when multiple D2DSSs from different D2D synchronization sources are received. The fllowing observations are obtained.
Observation 1. In-coverage UEs always declining to transmit D2DSSs (i.e., Alt. 1.2) may not result in an unique timing reference among all UEs.

Observation 2. For Alt. 1.1 and Alt. 1.3 (in-coverage UEs always be D2D synchronization sources and in-coverage UEs become D2D synchronization sources only if a D2DSS with signal strength exceeding X dBm is received while the timing reference of this D2DSS is not derived from an eNB), the performance is similar.

Observation 3. As considering the largest D2DSS signal strength as the first priority, the performance is slightly degraded. 

Observation 4. The performance of considering different priorities between small hop count and timing reference derived from an eNB is similar.

Based on above observations, we have the following proposal. 
Proposal 1. UEs adopt the D2D synchronization procedure as shown in Fig. 3.

References

[1] RAN1 Chairman’s Notes, RAN1#75, Nov. 2013.

[2] RAN1 Chairman’s Notes, RAN1#76bis, Apr. 2014.

[3] RAN1 Chairman’s Notes, RAN1#77, May. 2014.
Nokia Internal Use Only
Nokia Internal Use Only

