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1
Introduction
During RAN2#89bis [3] following agreements were achieved for inter-frequency and inter-PLMN discovery.

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 
· SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer 
· 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.
· Without network infrastructure 
·  The inter-PLMN scenario without network infrastructure (e.g. no eNB in the ProSe carrier) will be supported, assuming that out-of-coverage discovery is supported.
In this contribution we propose further enhancements to complete the design. 

2
Discussion
We first discuss authorization for inter-PLMN discovery transmission. We propose that a design similar to that adopted during Release 12 for inter-PLMN discovery reception can be adopted. In other words, higher layer will authorize the inter-PLMN transmission. When a UE gets RRC_CONNECTED it can inform the eNodeB of its intention to perform inter-PLMN transmission and the eNodeB can allow or disallow the UE to do so.
Proposal 1: A UE is authorized to perform transmission on other PLMN by higher layers. When a UE gets RRC_CONNECTED it can inform the eNodeB of its intention to perform inter-PLMN transmission and the eNodeB can allow or disallow the UE to do so.

We next discuss the case of inter-PLMN discovery in the case where there is no network infrastructure. This is the case where 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. During RAN2#89bis it was decided to support inter-PLMN discovery for this case subject to support for out of coverage discovery. RAN1 agreed supporting out of coverage discovery by supporting PSDCH transmissions out of coverage [2]. Therefore we propose that resources used for discovery transmission on a PLMN without infrastructure can be preconfigured. We further propose that such preconfigured resources can be overwritten with resource pool information transmitted on SIB19 by the primary carrier.

Proposal 2: For inter-PLMN discovery transmission & reception by a UE on a PLMN without network infrastructure

· UEs are pre-configured with discovery resource pool information
· The primary carrier can override the pre-configured resource pool by transmitting resource pool information on SIB19. 
For a UE to participate in discovery on another frequency than its own carrier frequency, it needs to know the resources reserved for discovery on that frequency. As was discussed during RAN2#89bis as a baseline a UE can tune to other frequency, get all the relevant information and participate in discovery. Once the UE has participated in discovery it can tune back to the original frequency at the end of the discovery resource pool for that discovery period. Note that there are several steps to getting the relevant information.  A UE will need to
· Detect sub-frame level timing using PSS/SSS

· Learn the SFN of the subframe by decoding the MIB
· Learn about transmission parameter associated with the cell by decoding some of the SIBs such as SIB1 & SIB2

· Learn discovery resource configuration by decoding SIB19

While a UE may not need to perform all of these operations every time it tunes to the other carrier frequency it does need to decode SIB1 to check if any of the SIBs have changed. This can lead to significant power consumption.

To reduce this power consumption RAN2 agreed to RRC signalling of discovery configuration on non-primary carrier on the primary carrier. We propose that the discovery configuration can consist of 

· Cell id of the cell whose information is being signalled. This parameter can be optional. It does not need to be signalled if the other frequency does not have infrastructure or if all cells on the other frequency have identical discovery configuration.
· One bit indicating whether the timing of the primary carrier can also be used for other frequency. If this bit is set a UE does not need to detect timing on the other frequency.

· Discovery & (if needed) synchronization resource pool parameters (as defined in Release 12) and other transmission parameters such as NS value for the cell. A UE will then not need to decode SIBs of the cell on other frequency.
   OR

· The primary cell can send out systemInfoValueTag of the cell on the other frequency. A UE will then need to read SIB on the other cell only if the systemInfoValueTag has changed.
Note that transmission of full discovery resource pool information is needed for the case where there is no infrastructure on other frequency whereas systemInfoValueTag can be useful to control the size of SIB19 on the primary cell.

Further note that if the timing of the primary carrier is that same as that of cell on the other frequency then the discovery resource pool information can be with respect to SFN of the serving cell. A UE then does not need to read MIB of the cell on the other frequency.
Proposal 3: The discovery configuration of other frequency transmitted on primary carrier should consist of

· Cell id of the cell for whom the information is being signalled. This is an optional parameter.

· One bit indicating whether the timing of the primary carrier can also be used for other frequency. 

· Discovery & (if needed) synchronization resource pool parameters (as defined in Release 12) and other transmission related parameters.
OR

· systemInfoValueTag of the cell on the other frequency

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: A UE is authorized to perform transmission on other PLMN by higher layers. When a UE gets RRC_CONNECTED it can inform the eNodeB of its intention to perform inter-PLMN transmission and the eNodeB can allow or disallow the UE to do so.

Proposal 2: For inter-PLMN discovery transmission & reception by a UE on a PLMN without network infrastructure

· UEs are pre-configured with discovery resource pool information
· The primary carrier can override the pre-configured resource pool by transmitting resource pool information on SIB19. 

Proposal 3: The discovery configuration of other frequency transmitted on primary carrier should consist of

· Cell id of the cell for whom the information is being signalled. This is an optional parameter.

· One bit indicating whether the timing of the primary carrier can also be used for other frequency. 

· Discovery & (if needed) synchronization resource pool parameters (as defined in Release 12) and other transmission related parameters.
OR

· systemInfoValueTag of the cell on the other frequency

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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