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1 Introduction

D2D synchronization procedures were discussed in the D2D SI phase and documented in TR36.843 Section 7.2. Several working assumptions were already taken regarding UE scanning of D2D synchronization sources and UE transmissions of the D2DSS including priority rules. However, many more details such as re-selection of D2D synchronization sources, choice of suitable metrics for selection of synchronization sources or the maximum stratum level were left FFS.
In particular, it has been adopted as working assumption in TR 36.843 that if a UE transmits a D2D signal, the rules for determining which D2D synchronization source the UE uses as the timing reference for its transmissions of D2D signal are:

· D2D Synchronization Sources which are eNodeB’s have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage;

· After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:
· Received D2DSS quality: 

· For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS whether to define the measurement for received D2DSS quality.

· FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D Synchronization Source selection criterion.
· FFS on how D2D Synchronization Source type and stratum level can be carried by D2DSS/PD2DSCH.
In the following, we present our proposal on how to achieve D2D synchronization for the PS out-of-coverage and the in-coverage scenarios. An accompanying discussion document [4] presents our proposal on the transmission formats for the D2DSS and PD2DSCH in support of the D2D synchronization procedure.
2 D2D synchronization principles
The goal of the D2D synchronization procedure is to allow receiving UEs acquisition of a timing reference for OFDM symbol / subframe level tracking and to achieve oscillator lock for demodulation of D2D channels. It is a consequence of using a distributed timing distribution protocol that the D2D synchronization procedure also must provide receiving UEs an identity for the synchronization source and a maximum hop counter to limit performance losses in AdHoc topologies.
The D2D synchronization procedure also serves a second purpose, i.e. it can be used to simultaneously communicate information about D2D resource pools to receiving UE’s with minimum overhead. This functionality is in particular important for D2D broadcast communication in out-of-coverage where scheduling assignments can be used to dramatically reduce UE power consumption when compared to the case of monitoring and blindly decoding all possible D2D transmission opportunities for allowed talk groups.

A first aspect to consider therefore is to what extent D2D UE’s will need to share a common notion of timing beyond OFDM symbol level and basic subframe alignment.

We think that similar to R8 LTE, it is necessary that D2D UE’s also follow the same LTE radio frame timing. This is in particular important for LTE TDD carriers where shared radio frame timing is a prerequisite to use the defined UL/DL frame configurations. For LTE FDD carriers, it is highly desirable that radio frame allocations can be exploited when using the configured D2D resource pools.
3 D2D synchronization procedure
For the purpose of further discussion on the criteria which determine which D2D UE’s transmit D2D synchronization signals / channels, we briefly summarize the D2D synchronization procedure from the D2D UE transmitter perspective:

1. The D2D enabled UE regularly searches for LTE cells according to LTE cell (re-)selection rules

2. If a suitable LTE cell is found, the UE follows eNB synchronization for its own D2D transmissions

a. Optionally, the D2D UE may be configured by the eNB to forward D2DSS/PD2DSCH

3. If no suitable LTE cell is found, the UE determines if any received D2DSS/PD2DSCH signal is suitable
a. If a received D2DSS/PD2DSCH was found suitable, the UE adopts this timing for its own D2D transmission timing and forwards the D2DSS/PD2DSCH itself by increasing the hop count

4. If no received D2DSS/PD2DSCH signal was found suitable, the UE becomes an independent synchronization source and transmits its D2DSS/PD2DSCH using its own clock

We note that Step 1 is executed according to existing LTE performance requirements. For D2D capable UE’s, Step 3 and 4 will typically be re-evaluated at a low duty cycle, i.e. at most a few times per second.

3.1 PS out-of-coverage
Out-of- coverage, D2D UEs will have to continuously search for D2DSS from other UEs using a modest duty cycle comparable to existing R8 LTE cell (re-)selection procedures, i.e. measurements only a few times per second. Once a D2DSS is found, the UE can evaluate from reading the PD2DSCH where to monitor for scheduling assignments for that receiver group and from reading the scheduling assignments then determine if it is part of the pre-configured talk group.
We think that typical PS use cases will require simultaneous tracking of at least 3 talk groups by any given D2D UE. This means, that future R12 LTE performance requirements will need to be designed in order to allow for reception and acquisition of 3 D2DSS/PD2DSCH synchronization sources.

Any out-of-coverage D2D UE transmitting D2D broadcast communication data must a transmit synchronization signal to allow for demodulation of the new R12 PDBSCH physical channel carrying data and control in the form of scheduling assignments.

Following an existing D2DSS/PD2DSCH timing is only meaningful performance-wise if the maximum number of hops is limited to small number, i.e. 3 or 4. Any identified synchronization source that has already advertises the maximum hop count is deemed unsuitable. For out-of-coverage, the value is preconfigured to a fixed value, i.e. 4. Furthermore, we propose that a minimum D2DSS receives signal quality criterion to define a suitable reception level is captured in the form of performance requirements. Similarly, in our view, election of a synchronization source to follow can purely be based on decreasing order of D2DSS signal quality under the side condition that the maximum hop count isn’t reached yet.
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Figure 1: D2D synchronization for PS out-of-coverage
3.2 Discovery in-coverage and PS partial coverage
When in-coverage, D2D UEs track the subframe and radio frame timing of the serving cell eNB. While inter-cell D2D is supported in R12, there is no standardized inter-cell coordination over X2 or any particular optimization foreseen using the air interface.

To allow for transmission of D2D discovery signals in the in-coverage scenario, no additional features are needed in terms of the D2D synchronization protocol to follow.

To support the partial network coverage case for D2D broadcast communication data (Figures 2 and 3), some D2D capable UE’s enabled for PS applications need to forward the eNB derived timing references to UE’s not in radio range of the serving cell eNB. Based on reported RRSP measurements from UE’s, an eNB can track which D2D capable and PS enabled UE’s are best suited to forward D2D timing to UE’s not in radio range. Therefore, we think the detailed criteria for determining which UE is suitable to transmit D2DSS/PD2DSCH is configured by the eNB. The particular selected UE can derive all information to generate D2DSS/PD2DSCH from the received eNB timing and the SIB signaling.
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Figure 2: D2D synchronization for PS partial-coverage
4 Conclusion

In the following, we present our proposal on how to achieve D2D synchronization for the PS out-of-coverage and the in-coverage scenarios. 
In summary we propose:
Proposal:

1. D2D UEs acquire LTE radio frame timing in addition to OFDM symbol level and LTE subframe level timing through the D2D synchronization procedure.

2. D2D UEs must be able to simultaneously acquire 3 distinct D2DSS/PD2DSCH synchronization sources per LTE carrier.
3. The maximum hop count for forwarding an identified D2DSS/PDSCH timing reference is pre-configured, i.e. 4 for out-of-coverage and semi-statically configured by the eNB for in-coverage.

4. For PS out-of-coverage, a D2D UE follows the strongest received and identified D2DSS/PD2DSCH synchronization source as long as the maximum hop count isn’t reached yet.

5. For PS partial-coverage, D2D UE’s forward received eNB timing when configured to do so by the eNB
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