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1 Introduction
One of the objectives of enhanced LTE D2D Proximity services work item [1] is to allow sidelink direct discovery announcements in a non-serving carrier as the following:
3) Enhance D2D discovery support in the presence of multiple carriers and PLMNs:

a) Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3].
In RAN2 #89bis meeting, the following agreements [2] were made:
	Agreements

Intra-PLMN scenario 

· The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 
Inter-PLMN scenario 

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case. 




Based on the agreements, serving cell (i.e. Pcell) can configure the discovery resource configuration for other carrier(s) for intra-PLMN and inter-PLMN scenarios. The advantage of this approach is that UE does not have to search cell and read the SIB19 transmitted by the cell on other carrier.

The timing of other carrier may or may not be synchronized with the timing of serving cell. One of the issue which needs to be discussed is how does the UE obtain the timing for transmission on other carrier if its timing is not synchronized with the timing of serving cell. In this document, we will discuss how the UE obtains the timing for transmission on other carrier.
2 Discussion
In Rel-12, a serving cell provides the discovery resource configuration of neighbor cells on serving carrier using the serving cell’s timing (i.e. discovery period and discovery offset are indicated with respect to system frame and subframe of the serving cell). There was an alternative approach in which serving cell provides the discovery resource configuration of neighbor cells on serving carrier using the other carrier’s timing (i.e. discovery period and discovery offset are indicated with respect to system frame and subframe of the other carrier). In accordance with Rel-12 design, we assume that the discovery resource configuration of neighboring cells on another carrier are indicated using the serving cell’s timing.
Proposal 1: Discovery resource configuration on another carrier is indicated using the serving cell’s timing (i.e. discovery period and discovery offset are indicated with respect to system frame number and subframe number of serving cell).
Discovery transmissions are based on DL timing. If a UE transmits discovery announcement on another carrier using DL timing with respect to serving cell, and if the timing on another carrier is not synchronized with timing of serving cell, then this may lead to interference as shown in Fig. 1. The discovery transmission on F2 using the timing of F1 may interfere with WAN transmission in F2. The interference can be avoided if the subframe adjacent to discovery subframe is blanked or not used in another carrier. In case of staggered discovery subframes, several subframes may need to be blanked. This leads to significant waste of precious radio resources.
Observation 1: Transmission on another carrier using DL timing with respect to serving cell causes interference to WAN transmissions on another carrier. 
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Figure 1: Illustration
In order to avoid interference to adjacent subframes, the UE has to obtain the timing offset T, i.e. the timing difference between subframe of serving cell and other carrier, and then the UE transmits on another carrier at offset T from its DL timing with respect to serving cell. There are three approaches to obtain this timing offset, T.

UE Autonomous Approach
Option 1: UE may acquire the timing by using the SLSS transmitted by other UE(s) in other carrier. This operation is similar to operation performed by UE in Rel-12 for discovery monitoring. The drawback of this approach is that if there is no other UE transmitting discovery on the carrier, then UE cannot acquire the timing and hence will not be able to transmit.

Observation 2: SLSS based timing acquisition for transmission on another carrier does not work if there is no other UE transmitting discovery on that carrier. 
Option 2: UE may acquire the timing by using the PSS/SSS transmitted by cell in other carrier. UE searches for cell on another carrier even if the discovery resource configuration for other carrier is provided by the serving cell. If UE has to search for cell and determine timing based on PSS/SSS, then there will be no benefit of discovery resource configuration for other carrier by the serving cell, because UE may as well read the SIB19 to obtain the discovery resource configuration.
Network Assisted Approach
Option 3: The serving cell may provide the timing offset, T in discovery resource configuration in addition to discovery period and discovery offset. T is the timing difference between subframe of serving cell and other carrier. The UE transmits on another carrier at offset, T from its DL timing with respect to serving cell.

Proposal 2: RAN1 should discuss whether the UE obtains timing difference between subframe of serving cell and other carrier if the other carrier is not time synchronized with serving carrier using option 2 or option 3.
3 Conclusion
In this paper, we have discussed how the UE obtains the timing for transmission on other carrier if the discovery resource configuration for other carrier is provided by the serving cell. Based on the discussion, we have the following observations and proposals:
Proposal 1: Discovery resource configuration on another carrier is indicated using the serving cell’s timing (i.e. discovery period and discovery offset are indicated with respect to system frame number and subframe number of serving cell).
Observation 1: Transmission on another carrier using DL timing with respect to serving cell causes interference to WAN transmissions on another carrier. 
Observation 2: SLSS based timing acquisition for transmission on another carrier does not work if there is no other UE transmitting discovery on that carrier. 
Proposal 2: RAN1 should discuss whether the UE obtains timing difference between subframe of serving cell and other carrier if the other carrier is not time synchronized with serving carrier using option 2 or option 3.
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