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1
Introduction
Enhanced LTE Device to Device Proximity service WI [1] was agreed to during RAN#66. One of the objectives agreed to was

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, RAN4].
In this contribution we propose enhancements to achieve this design. 

2
Discussion
During Release 12 it was agreed that a UE can transmit its discovery signal only on its primary cell. This can be restrictive. Consider a Public Safety (PS) UE that connected to a commercial carrier on a particular frequency but wants to transmit its PS signals on another carrier, where it is out of coverage. Such signalling is currently allowed only for D2D communication. We propose that such signalling should be allowed for D2D discovery also. (Note that out of coverage discovery is one of the objectives of eD2D WI [1].)

Another example is of multi-carrier deployment where UEs can transmit/receive D2D signals on the uplink of only one of the carriers. This may be due to either cost and/or RF issues. Here operator will assign D2D discovery resources only for that carrier. This forces UEs that want to participate in discovery to be on that carrier. Since potentially a large number of UEs can be participating in discovery this means that potentially all UE will be camped on a single carrier. Note that such concentration of UEs on a single carrier is a significant problem by itself and a new WI [2] has been approved to address this issue. Here again, allowing UEs to transmit on carrier than their primary cell resolves the issue.

Note that the transmitted discovery signals should be of Type 1. It will be impractical to support Type 2 discovery resource assignment across frequency due to synchronization, authorization and other issues.
Proposal 1: UEs are allowed to transmit Type 1 D2D discovery signals on non-serving carriers and/or secondary cells. The carrier can belong to a different PLMN. 

Currently a UE can indicate interest in discovery only on the frequency it is camped on. We propose that a UE can request permission to announce and monitor discovery on other frequencies as well. This can be part of the SidelinkUEInfo message to the eNodeB. The eNodeB can allow or deny the UE to participate in RRC reconfiguration message.
Proposal 2: UE informs eNodeB of its intention to participate in discovery in another frequency in the SidelinkUEInfo message. The eNodeB allows or denies the UE the permission to do so in RRC reconfiguration message.

For a UE to participate in discovery on another frequency than its own carrier’s frequency it needs to know the resources reserved for discovery on that frequency. The expected behaviour for Release 12 is that a UE will tune to the target frequency and read SIB 19 to get the resources being used for discovery. A UE will also need to check if the resources being used for discovery have changed. This will require the UE to decode SIB1 or SIB19 before every discovery period. This can lead to significant power consumption.

To overcome this problem we propose that (whenever possible) eNodeB sends information on the resources being used for discovery on other frequencies in its SIB19. The exact information being sent on SIB19 can be discussed further. Note that this in addition to the list of frequencies & PLMNs on which discovery is supported broadcast by an eNodeB in SIB19.
Proposal 3: SIB19 can contain information on the resources being used for discovery on other frequencies.
During Release 12 it was agreed that a UE will prioritize WAN over D2D discovery. If a UE is reusing its downlink receive chain of the camped frequency for receiving D2D it can participate in discovery only in either RRC_IDLE or RRC_CONNECTED DRX state. As has been discussed in earlier meetings, this is a restrictive requirement. We propose that UEs that participate in discovery may skip reception on downlink during discovery. The ability to skip downlink reception during discovery should be a separate UE capability. We discussed the reasons for making such behaviour a separate capability in our earlier contribution [3]. A UE may skip downlink reception for both inter-frequency and intra-frequency discovery. Furthermore to allow for network control, eNodeB can disallow a particular UE from skipping downlink reception during discovery. 
Proposal 4: UEs may skip downlink reception during both inter & intra-frequency discovery. 
Proposal 5: The ability of a UE to skip downlink reception during discovery should be a separate capability. 

Proposal 6: eNodeB can disallow such behaviour for a particular UE if it wants to.

In some cases of inter-frequency discovery, especially during the case of inter-PLMN discovery, eNodeB may not know the resources being used by the other frequency for discovery. As a result the eNodeB will now know when a UE will skip downlink reception for inter-frequency discovery (if allowed to do so). This can lead to waste of resources. One simple way to resolve this issue is that UEs can report to eNodeB the resources on which they are supposed to participate in discovery. This can be similar to the inDeviceCoexInd message, i.e., provide the time domain information of periodicity and length of the gap during which the UE will skip downlink reception. Details such as bitmap of the sub-frames being used need not be provided. The resources can be indicated with respect to SFN0 of the primary cell eNodeB. The periodicity and gap will be indicated on a per pool (in inter-frequency) basis. The resources are being reported should take into account the one gap sub-frame overhead needed every time the frequency to which a UE is tuned to changes. It should also take into account the timing misalignment between frequencies. 

Proposal 7: If a UE is going to skip downlink reception during inter-frequency discovery the UE can inform eNodeB of the resources on which it will participate in inter-frequency discovery.
A further extension of this proposal is that the eNodeB can allow/disallow the UE to skip downlink reception on specific set of resources. For example UE should not skip reception of resources on SIB1 is being transmitted. Note that eNodeB can indicate this information to the UE even when eNodeB knows the resources being used in other frequency and is broadcasting this information on SIB19.
Proposal 8: eNodeB can allow/disallow the UE to skip set of resources on which UE is participating in inter-frequency discovery.

3
Conclusion

In this contribution we discussed inter-frequency discovery for both intra and inter-PLMN cases. We made the following proposals.

Proposal 1: UEs are allowed to transmit Type 1 D2D discovery signals on non-serving carriers and/or secondary cells. The carrier can belong to a different PLMN. 

Proposal 2: UE informs eNodeB of its intention to participate in discovery in another frequency in the SidelinkUEInfo message. The eNodeB allows or denies the UE the permission to do so in RRC reconfiguration message.

Proposal 3: SIB19 can contain information on the resources being used for discovery on other frequencies.

Proposal 4: UEs may skip downlink reception during both inter & intra-frequency discovery. 

Proposal 5: The ability of a UE to skip downlink reception during discovery should be a separate capability. 

Proposal 6: eNodeB can disallow such behaviour for a particular UE if it wants to.

Proposal 7: If a UE is going to skip downlink reception during inter-frequency discovery the UE can inform eNodeB of the resources on which it will participate in inter-frequency discovery.

Proposal 8: eNodeB can allow/disallow the UE to skip set of resources on which UE is participating in inter-frequency discovery.
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