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1 Introduction

At the previous RAN1 WG meeting (RAN1#78bis), it was agreed that RSRP threshold can be used as a condition to become synchronization source for in-coverage D2D capable UEs.

· For a UE transmitting SA or D2D data, in each subframe in the D2DSS resource, the UE shall transmit D2DSS if all of the following conditions are satisfied:

· an RSRP threshold for communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signaling) to stop D2DSS transmission.

In addition, for out of coverage scenario, it was decided that measurements of received signal strength from synchronization source can be used by D2D capable UE as a criteria to become synchronization source according to D2D synchronization procedure.
· synchSourceThresh has the same range as the in-coverage RSRP thresholds, excluding values –infinity and -115dBm.
· FFS: Detailed definition of synchSourceThresh measurement.
Another agreement, made by RAN1 WG defines which signal and channel is transmitted by UEs participating in communication and UEs participating in discovery:
· Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases;
· In coverage UEs participating only in discovery do not transmit PD2DSCH.
In this contribution, we discuss further details with respect to measurements applied for D2D synchronization procedure considering both in-coverage and out of coverage scenarios. Our views on other D2D synchronization related aspects are provided in [1]-Error! Reference source not found..
2  Measurements for In-Coverage UEs
Types of Measurements
According to RAN1 WG agreement, D2D discovery and communication capable UEs may need to compare reference signal received power with the (pre-) configured RSRP threshold in order to trigger transmission of D2DSS. In-coverage UEs are not mandated to conduct measurements based on D2DSS transmitted by other UEs.
Observation 1
· UEs supporting only in-coverage operation do not need to support new measurements based on D2DSS / PD2DSCH.
Given that D2DSS may be transmitted by RRC_IDLE UEs, some modifications to the current RSRP measurement procedures may be introduced by RAN2 and RAN4 WGs. For instance, in order to avoid potential ping-pong behavior in terms of D2DSS transmission, the L2/L3 filtering of RSRP measurements over relatively long period of time may be recommended for RRC_IDLE UEs. Additional modifications, if needed, can be further discussed and defined by RAN2 and RAN4 WGs.
Proposal 1
· Given that D2DSS may be transmitted by RRC_IDLE UEs, consider additional adjustments to RSRP measurement mechanism for RRC_IDLE UEs transmitting D2DSS, in order to avoid ping-pong behavior in terms of D2D synchronization signal transmission. Details are to be defined by RAN2 and RAN4 WGs.
3 Measurements for Out-Coverage UEs

D2D communication capable UEs operating in out of coverage should also support additional measurements based on D2D synchronization signals/channels (besides supporting RSRP measurements with cell monitoring). These new measurements are applied in D2D synchronization procedure, when “synchSourceThresh” is pre-configured as a criterion of becoming synchronization source.
According to the RAN2 WG agreements “A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE)”, otherwise it is considered out of coverage. In addition, for the partial coverage case, RAN2 intends to define the exceptional cases rather than an edge-of-coverage state.
From RAN1 perspective it is important to differentiate two cases: 1) UE derives timing from in-coverage synchronization source (e.g. eNodeB or UE propagating timing from eNodeB) or 2) out of coverage synchronization source. These two cases are distinguished by different D2DSS signal, so that D2D receiver knows whether timing propagates from eNodeB or from an out of coverage synchronization source. In the 1st case, it is important to differentiate several scenarios:

· Both discovery and communication are supported. In this case, both discovery and communication capable UEs may transmit D2DSS on the same resource while PD2DSCH channel will be transmitted only by communication capable UEs. In this case the decoding of PD2DSCH channel may be problematic due to composite channel problem. Moreover the D2DSS received signal power can diverge significantly from the normal values observed at the synchronization resources used by communication capable UEs only. Therefore out of coverage UEs should exclude from the measurement set the synchronization resource used for transmission by D2D discovery UEs.
· Only communication is supported. In this scenario all synchronization resources may be utilized by out of coverage UEs for measurements.
· Only discovery is supported. In that case, the D2DSS signal from discovery UEs may be detected by out of coverage UEs. However, the detection of this signal should be ignored by D2D synchronization procedure and has no impact on UE decision to start/stop D2DSS transmission.
Observation 2
· Synchronization resource used by in-coverage D2D-discovery capable UEs should not affect D2D synchronization procedure.
Proposal 2
· Synchronization resources used for D2DSS transmission by in-coverage D2D-discovery capable UEs are excluded from the D2DSS measurements in order to avoid impact on D2D synchronization procedure.

In the 2nd case, (UE derives timing from out of coverage synchronization source), UE shall do separate measurements over different sets of synchronization resources. It was agreed by RAN1 WG that two synchronization resources per 40ms can be configured in the out of coverage scenario. However the set of synchronization sources, transmitted on the particular synchronization resource may be different, since terminals derive timing from each other. Example of resource allocation for PD2DSCH/D2DSS transmission in out of coverage is shown in Figure 1 (more details on this aspect provided in [1])
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Figure 1: Synchronization resources and D2DSS transmission in out of coverage scenarios.
Proposal 3
· UE performs independent measurements over a set of synchronization resources within synchronization cycle.

When an UE occupies one resource for D2DSS transmission, it cannot utilize this resource for D2D synchronization measurements. In this case two UEs transmitting on the same resource cannot measure the D2DSS signal received power. In order to facilitate measurements on the resource, where UE is transmitting, the measurement cycle is needed. Once this cycle is reached, UE skips transmission of D2DSS on the previously selected synchronization resource to estimate D2DSS receive power. In addition, the D2DSS measurements on all resources of synchronization measurement set need to be independently filtered in order to provide sufficient averaging and avoid ping-pong behavior in terms of D2DSS transmission. The averaging window need to be further defined by RAN2/RAN4 WGs.
Proposal 4
· Introduce D2DSS measurement window and D2DSS transmission cycles for D2D synchronization measurements.

On the usage of synchronization signals/channel for synchronization procedure
The D2DSS signal is composed from the pair of PD2DSS and SD2DSS signals. In addition, PD2DSCH channel is transmitted by D2D communication capable UEs, that serve as synchronization sources. Therefore there may be many signal candidates and their combinations that can be used for synchronization measurements, including: PD2DSS only, SD2DSS only, PD2DSS+SD2DSS, PD2DSS+PD2DSCH, SD2DSS+PD2DSCH or PD2DSS+SD2DSS+PD2DSCH.
In our view SD2DSS signals may be sufficient for D2DSS received power measurements. The usage of PD2DSS may be considered additionally, if two SD2DSS symbols are not sufficient. As for PD2DSCH we do not see motivation to use it for measurements since it is not a reference signal and needs to be decoded first in order to conduct measurements. Therefore we suggest to utilize two SD2DSS symbols for the measurements for the sake of D2D synchronization procedure.

The SD2DSS can be used to estimate the received power of D2D synchronization signal/channel. It was discussed that power of the SD2DSS resource elements can be slightly reduced relative to PD2DSS in order to reduce the CM and PAPR value. However, the mechanism of power reduction was not yet discussed. Moreover it is possible to use additional tones in order to reduce the PAPR and CM of SD2DSS so that only fixed and slight power reduction per RE can be applied. 
Proposal 5
· Two SD2DSS symbols are recommended to perform measurements for D2D synchronization procedure.
· Additional studies in RAN4 WG may be considered, taking into account potential reduction of SD2DSS received power relative to PD2DSS.
Assuming that SD2DSS signal is sufficient to estimate the D2DSS received power for D2D synchronization procedure in the out of network coverage scenario the following definition similar to RSRP can be defined for SD2DSS received power measurements:
Table 1: Definition of the D2D synchronization signal received power
	Definition
	Synchronization signal received power (SSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry SD2DSS sequence within the corresponding measurement frequency bandwidth.

The reference point for the SSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding SSRP of any of the individual diversity branches. 

	Applicable for
	Out of Coverage D2D communication capable UEs


Proposal 6
· Use the definition of D2D synchronization signal received power measurements as defined in Table 1.
4 Conclusions

In this contribution, we provided our views on the synchronization related measurements to be used in D2D synchronization procedure for in-coverage and out of coverage UEs:

Observation 1
· UEs supporting only in-coverage operation do not need to support new measurements based on D2DSS / PD2DSCH.

Observation 2
· Synchronization resource used by in-coverage D2D-discovery capable UEs should not affect D2D synchronization procedure.

Proposal 1
· Given that D2DSS may be transmitted by RRC_IDLE UEs, consider additional adjustments to RSRP measurement mechanism for RRC_IDLE UEs transmitting D2DSS, in order to avoid ping-pong behavior in terms of D2D synchronization signal transmission. Details are to be defined by RAN2 and RAN4 WGs.

Proposal 2
· Synchronization resources used for D2DSS transmission by in-coverage D2D-discovery capable UEs are excluded from the D2DSS measurements in order to avoid impact on D2D synchronization procedure.

Proposal 3
· UE performs independent measurements over a set of synchronization resources within synchronization cycle.

Proposal 4
· Introduce D2DSS measurement window and D2DSS transmission cycles for D2D synchronization measurements.

Proposal 5
· Two SD2DSS symbols are recommended to perform measurements for D2D synchronization procedure.
· Additional studies in RAN4 WG may be considered, taking into account potential reduction of SD2DSS received power relative to PD2DSS.
Proposal 6
· Use the definition of D2D synchronization signal received power measurements as defined in Table 1.
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