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1. Introduction   
This contribution discusses the details of measurement for D2D synchronization. 

2. Discussion
2.1. Which D2D UE should measure D2DSS signal quality?

Basically, D2D communication UE in out of coverage needs to measure strength or quality of D2DSS transmitted by UE since it was agreed that whether to be synchronization source or not is determined according to the D2DSS measurement result. Also eNB can indicate to in-coverage D2D communication UE to measure and/or report other cell D2DSSue_net or D2DSSue_oon. However, for D2D discovery UE, D2DSS transmitted by UE is used only for discovery signal reception. In our companion contribution [1], D2DSS capability can be separated with D2D communication capability. If the separated capability features are supported in Rel. 12, both D2DSS and D2D communication capable UE should be able to measure D2DSS signal strength or quality. 
Proposal 1: D2D UE capable both D2DSS and D2D communication should be able to measure D2DSS signal strength or quality.
2.2. How to measure synchronization signal
2.2.1. Measurement subframe
According to the agreement for D2DSS transmission in RAN1 #78bis, a maximum of 1 D2DSS resource can be configured per cell for in coverage UEs. If network can support both of discovery and communication, some of D2DSS subrframes can be commonly used for both discovery and communication. In other words, both of discovery UEs and communication UEs may transmit D2DSS in same D2DSS subframes close to discovery resource pool. This may leads to D2DSS measurement fluctuation. As discussed earlier, since only communication UE needs to measure D2DSS strength or quality, each communication UE should measure D2DSS in D2DSS subframes that are used only for communication UEs for stable D2DSS measurement. This operation can be implemented by defining “D2DSS measurement period” that can be configured by network or fixed in specification. For example, network can configure some of D2DSS periods excluding discovery and communication common D2DSS periods as D2DSS measurement period. In this period, UE should measure D2DSS signal quality or strength. The information (e.g. period, duration and subframe offset) of D2DSS measurement period for out-coverage UE can be signaled via PD2DSCH of in-coverage UE. For more stable D2DSS measurement, it is possible to mandate a UE that transmitted D2DSS in a subframe to continue D2DSS transmissions in the associated D2DSS measurement period. This can avoid/minimize changes in the set of D2DSS transmitting UEs within each D2DSS measurement period. 
Proposal 2: For reliable D2DSS measurement, D2DSS measurement period needs to be defined. D2D UE should measure D2DSS only in D2DSS measurement period. The D2DSS measurement period can be configured by network in network coverage and preconfigured or configured via PD2DSCH for out of coverage.
In addition, D2DSS measurement needs to consider the fact that a synchronization source may not transmit D2DSS in a subframe, e.g., due to the conflict with WAN UL transmission. Thus, the D2DSS measurement should include only the subframe where the D2DSS transmission actually occurs. CRC check for PD2DSCH can be used as a tool, such that a D2DSS subframe is considered as a valid measurement subframe only when PD2DSCH is successfully decoded.
2.2.2. Measurement symbol

In this subsection, we discuss D2DSS measurement symbols. As agreed in previous meetings, there are two PD2DSS symbols and two SD2DSS symbols in a D2DSS subframe. For D2DSS measurement, following options can be considered, 
Option 1) all D2DSS symbols (both PD2DSS and SD2DSS): Out-coverage UE measures D2DSS signal strength or quality and determine whether the UE becomes a synchronization source or not and also in-coverage UE may need to measure the D2DSS signal quality or strength of out-coverage UE. Measuring both PD2DSS and SD2DSS can be the first candidate of D2DSS measurement. However, PD2DSS can be more overlapped than SD2DSS with other synchronization source because of the lack of the number of PD2DSS sequences. Thus, including PD2DSS in D2DSS measurement symbols may result in inaccurate D2DSS measurement result due to the high possibility of overlap with PD2DSS of an undesired synchronization source.
Option 2) SD2DSS symbols: As discussed in [2], PAPR of PD2DSS and SD2DSS can be different leading to different power backoff in the two sequences from the same UE, so it is desirable to select one for the measurement. Also due to the small number of sequences of PD2DSS, a UE can receive overlapped PD2DSSs which have same index from different synchronization sources and cannot distinguish them. On the other hand, the number of SD2DSS sequence candidates may be 168, so the measurement based on SD2DSS provides more accurate estimate for the pathloss between two UEs. 
Option 3) PD2DSCH DMRS symbols: As discussed in [2], demodulation reference signal (DMRS) for PD2DSCH needs to be supported. It was agreed that in D2D communication PD2DSCH should always be transmitted in same subframe with D2DSS. If PD2DSCH DMRS is supported, the DMRS sequence can be used for D2DSS measurement symbol. For PD2DSCH DMRS measurement, there is no overlapping issue of D2DSS between discovery UE and communication UE since communication UE only transmits PD2DSCH. 
Observation 1: Including PD2DSS in D2DSS measurement symbols may result in inaccurate D2DSS measurement result due to the high possibility of overlap with PD2DSS of undesired synchronization source.
Proposal 3: Either or both SD2DSS and PD2DSCH DMRS symbols can be used for D2D synchronization measurement symbols. 

2.2.3. Definition of measurement metric
From the agreement for synchSourceThresh and its range in RAN1 #78bis, it is natural to take RSRP of D2DSS as the measurement metric. Precise definition of D2DSS RSRP can be modified from the definition of CRS based RSRP. For example, D2DSS RSRP can be defined as the linear average over the power contributions of the resource elements that carry D2DSS symbols or PD2DSCH DMRS symbols within the D2DSS transmission frequency bandwidth (6RBs).
In interference limited situation, however, RSRP based measurement metric may not be suitable. Let us consider following situation; an out-coverage UE detects D2DSSue_net and the measured RSRP of D2DSSue_net is greater than XdBm, but the UE fails to decode PD2DSCH (or finds from the SINR condition that reliable PD2DSCH decoding is difficult). If we consider only the RSRP measurement type, the UE cannot be a synchronization source thus does not transmit D2DSS/PD2DSCH. However, it is more desirable for the UE to become a synchronization source because it is likely that the other potential receiver UEs in its vicinity also fail to receive the same PD2DSCH the UE tried to receive. To avoid this situation, RSRQ based measurement metric could be helpful. Recalling the example situation, RSRQ can be used for the determination of synchronization source or synchronization selection/reselection. This D2DSS quality measurement can be used such that a UE can become a synchronization source if either the RSRP or quality measurement is below a given threshold.

When defining D2DSS RSRQ, the frequency bandwidth of RSSI should be limited to center 6RBs if the other frequency resource can be used for WAN or other D2D signal transmission. Alternatively, PD2DSCH decoding performance like the expected PD2DSCH BLER can also be considered. We note that the D2DSS quality measurement can be indirectly reflected in the definition of “D2DSS is detected.” For example, a D2DSS is not considered detected if its quality measurement does not satisfy a requirement.

Proposal 4: RSRP based D2DSS measurement metric is defined. UE measure the RSRP of detected D2DSS. D2DSS RSRQ or expected PD2DSCH BLER is used to determine “detected D2DSS”.
2.3. Measurement report
For in-coverage UE, eNB can indicate to measure and report D2DSS measurement for following purposes:

1) Measurement accuracy test: If there is no measurement report, measurement accuracy cannot be tested. 
2) Inter-cell D2D: Measurement reporting for D2DSSue_net of neighboring cell can be helpful for eNB to know that which cell is possible for intercell D2D communication.
3) Partial network coverage: In partial network coverage, in-coverage UE searches D2DSSue_oon to find out out-coverage UE nearby network coverage. If a UE finds D2DSSue_oon, the UE reports D2DSS measurement metric and eNB can trigger for the UE to transmit D2DSSue_net. 
Proposal 5: For in-coverage UE, eNB indicates to measure and report D2DSS measurement. 

3. Conclusion
In this contribution, we discussed the details of measurement for D2D synchronization. Our proposals are summarized as follows,
Proposal 1: D2D UE capable both D2DSS and D2D communication should be able to measure D2DSS signal strength or quality.
Proposal 2: For reliable D2DSS measurement, D2DSS measurement period needs to be defined. D2D UE should measure D2DSS only in D2DSS measurement period. The D2DSS measurement period can be configured by network in network coverage and preconfigured or configured via PD2DSCH for out of coverage.

Observation 1: Including PD2DSS in D2DSS measurement symbols may result in inaccurate D2DSS measurement result due to the high possibility of overlap with PD2DSS of undesired synchronization source.
Proposal 3: Either or both SD2DSS and PD2DSCH DMRS symbols can be used for D2D synchronization measurement symbols. 

Proposal 4: RSRP based D2DSS measurement metric is defined. UE measure the RSRP of detected D2DSS. D2DSS RSRQ or expected PD2DSCH BLER is used to determine “detected D2DSS”.

Proposal 5: For in-coverage UE, eNB indicates to measure and report D2DSS measurement. 
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