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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 [2] and RAN2#90 [3], the following agreements were made:
	RAN2#89bis 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 

    With network infrastructure

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case.
· We cannot assume that inter-PLMN coordination is always possible.  The baseline scenario to consider is uncoordinated inter-PLMN.  

· For uncoordinated inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use.  FFS how the carrier frequency is configured in the UE.  
RAN2#90 Agreements
· For intra-PLMN and inter-PLMN, the serving eNB will signal which frequencies and PLMN the discovery transmissions are allowed to be performed.

· For intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling. 

· The UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission



Based on the highlighted agreements, serving cell (i.e. Pcell) can provide the discovery resource configuration for other carrier(s) for intra-PLMN and inter-PLMN scenarios. The advantage of this option is that UE does not have to search cell and read the SIB19 transmitted by the cell on other carrier. Thus, to support this option, it should be discussed how the UE obtains the timing for transmission on other carrier, because the timing of other carrier may not be synchronized with the timing of serving cell

In this document, we will discuss 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.
2
Discussion
Discovery transmissions are based on DL timing. If a UE transmits discovery on another carrier using serving cell’s DL timing not synchronized with timing of another carrier, 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 radio resources.
Observation: 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: Interference to WAN transmission on another carrier when discovery transmission on another carrier uses serving cell’s DL timing
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 two approaches to obtain this timing offset, T.

Approach 1: UE Autonomous Approach
UE searches for cell on another carrier even if the discovery resource configuration for other carrier is provided by the serving cell. So, UE acquires the timing by using the PSS/SSS transmitted by cell in other carrier, and UE then obtains the timing offset T, i.e. 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.
One can argue that if UE has to search for cell and determine timing based on PSS/SSS, then it is still possible for the UE to read the SIB19 in order to obtain the discovery resource configuration. However, the PSS/SSS monitoring can be limited to few subframes near the transmission opportunity for transmitting the PSDCH on another carrier and UE can still benefit from not monitoring SIBs on another carrier.

Approach 2: Network Assisted Approach
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. 

This approach can be a good candidate to resolve timing difference problem but in our view, UE may have to detect cell on another carrier even in this approach for the following scenarios [4]. 
· Multiple cells may be there on same carrier and each may have different discovery resource configuration. Thus, UE needs to detect cell and uses the resources corresponding to detected cell from the discovery resources signaled by the serving cell.

· UE may or may not be in coverage of other carrier. For PS discovery, UE needs to transmit using pre-configured resources if the UE is not in coverage of PS ProSe carrier. So UE needs to detect cell.

· Multiple Type 1 resource pools with RSRP based selection criterion may be configured in discovery resource configuration of other carrier signaled by the serving cell. UE needs to detect cell on other carrier and measure RSRP of detected cell for resource pool selection.
So we propose that:

Proposal: UE acquires the timing for discovery transmission on other carrier by using the PSS/SSS transmitted by cell in other carrier.
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 observation and proposal:
Observation: Transmission on another carrier using DL timing with respect to serving cell causes interference to WAN transmissions on another carrier. 

Proposal: UE acquires the timing for discovery transmission on other carrier by using the PSS/SSS transmitted by cell in other carrier.
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