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1
Introduction
During RAN2#89bis & RAN2#90 many agreements were achieved for inter-frequency and inter-PLMN discovery. In this contribution we propose further agreements and details in order to complete the design.
2
Discussion
2.1
Type 2B Discovery for Inter-PLMN discovery

During RAN2#89bis following agreement it was agreed that Type 2B resource allocation for inter-PLMN discovery should also be supported (as indicated by highlighted portion of the agreements). 
	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 

·  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 note that for a UE to transmit with Type 2B discovery it needs to be RRC_CONNECTED on the cell it is transmitting on. However it is not desirable for UE to tune to other PLMN, get RRC connected only for discovery and then come back to RPLMN for other services. Therefore we would like to clarify that UE is not required to get RRC_CONNECTED on the other PLMN to perform Type 2B discovery transmission. The UE will use the Type 2B discovery transmission resources provided by RPLMN for the other PLMN (s). A consequence of this is that if RPLMN does not provide Type 2B discovery resources for other PLMN(s) then Type 2B discovery transmission over other PLMNs is not supported. 
Observation 1: It is not desirable for UE to tune to other PLMN, get RRC_CONNECTED only for discovery and try to come back to RPLMN for other services.

Proposal 1: UE is not required to get RRC_CONNECTED on the other PLMN to perform Type 2B discovery transmission on the other PLMN(s).
Proposal 2: Inter-PLMN Type 2B discovery transmission is not supported for the case where RPLMN does not provide Type 2B discovery resources of other PLMN(s).
2.2
Gaps for Discovery

During RAN2#90 following agreement was achieved for gaps during discovery.

To enhance inter-carrier discovery performance for the non-dedicated transceiver case, gaps will be introduced to allow reusing an RF transmitter/receiver chain for direct discovery transmissions/receptions.   The gaps should be under network control.  FFS if the gap applies both for intra and inter-frequency.
We propose that the gaps should apply to both intra and inter-frequency case. Note that the purpose of this agreement is to improve the performance of discovery (for the non-dedicated transceiver case). Therefore it is not reasonable that the performance be improved for only intra or inter-frequency case. Both should be improved. 

Proposal 3: Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and inter-frequency cases.

We further propose that the ability of a UE to skip downlink reception and uplink transmission during discovery should be a separate UE capability. We discussed the reasons for making such behaviour a separate capability in our earlier contribution [2]. 

Proposal 4: The ability of a UE to skip downlink reception and uplink transmission during discovery should be a separate capability. 

It has already been agreed that the gaps should be under network control. We propose that the control should be on a per UE basis. This is in line with our proposal that gaps should be a separate UE capability and will allow for network control.
Proposal 5: eNodeB can allow/disallow gaps for a particular UE if it wants to.

The gaps being created for discovery for intra and inter-PLMN discovery occur during sub-frames contain discovery resources. However this is not sufficient. The gap should also take into account the one 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 for the inter-frequency case. Furthermore the gap should also take into account the time needed for tuning of the inter-frequency case. This overhead will typically correspond to 5 sub-frames.
Proposal 6: The gap created for discovery should take into account additional overhead. 
More particularly for intra-frequency discovery gap should include

· one sub-frame overhead for interruption before and after a discovery sub-frame
For inter-frequency discovery (both intra and inter-PLMN discovery)

· one sub-frame overhead for interruption before and after a discovery sub-frame

· one sub-frame overhead for taking into account the timing offset between carriers

· overhead for time taken to synchronize to carrier with discovery resources 

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 not know when a UE will skip downlink reception and uplink transmission 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. 

Proposal 7: If a UE is going to skip downlink reception and uplink 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 and uplink transmission 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 a set of resources on which UE is participating in inter-frequency discovery.
2.3
Discovery Configuration for Coordinated Inter-PLMN
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 9: 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

2.4 
PLMN Authorization
During RAN2#89bis it was agreed that SA1 guidance may be needed for authorization of inter-PLMN. 

SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer
Given the agreements achieved during RAN2#90 on authorization and on inter-PLMN in general this is a good time to send the LS to SA2 and CT1. In our companion contribution [3] we have provided a draft LS that can be sent to SA2.
Proposal 10: Send an LS to SA2 and CT1 informing them of the agreements achieved on inter-PLMN and intra-PLMN discovery. 
3
Conclusion

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

Observation 1: It is not desirable for UE to tune to other PLMN, get RRC_CONNECTED only for discovery and try to come back to RPLMN for other services.

Proposal 1: UE is not required to get RRC_CONNECTED on the other PLMN to perform Type 2B discovery transmission on the other PLMN(s).
Proposal 2: Inter-PLMN Type 2B discovery transmission is not supported for the case where RPLMN does not provide Type 2B discovery resources of other PLMN(s).
Proposal 3: Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and inter-frequency cases.

Proposal 4: The ability of a UE to skip downlink reception and uplink transmission during discovery should be a separate capability. 

Proposal 5: eNodeB can allow/disallow gaps for a particular UE if it wants to.

Proposal 6: The gap created for discovery should take into account additional overhead. 

More particularly for intra-frequency discovery gap should include

· one sub-frame overhead for interruption before and after a discovery sub-frame

For inter-frequency discovery (both intra and inter-PLMN discovery)

· one sub-frame overhead for interruption before and after a discovery sub-frame

· one sub-frame overhead for taking into account the timing offset between carriers

· overhead for time taken to synchronize to carrier with discovery resources 

Proposal 7: If a UE is going to skip downlink reception and uplink 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 a set of resources on which UE is participating in inter-frequency discovery.
Proposal 9: 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 10: Send an LS to SA2 and CT1 informing them of the agreements achieved on inter-PLMN and intra-PLMN discovery.
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