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1
Introduction
During previous RAN2 meetings many agreements were achieved for inter-frequency and inter-PLMN discovery. In this contribution we propose further details in order to complete the design. More particularly we make proposals related to exact resource information exchange, choice of associated cell and frequency for discovery transmission, and gaps for discovery.
2
Discussion
2.1
Discovery Resource Information 

RAN2 has agreed that a serving cell can provide discovery resource information for other carriers
· For intra-PLMN and inter-PLMN, the serving eNB will signal which frequencies and PLMN the discovery transmissions are allowed to be performed.   The UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission.  
· 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. 
One of the issue that needs to be discussed is the exact information being transmitted by the serving cell.
We first note that the cells of different frequency may not be co-located. This is illustrated in Figure 1. Here eNodeB A is operating on frequency F1, while eNodeBs B, C, D are operating on frequency F2. eNodeB A is not co-located with eNodeBs B, C, and D on a different frequency. If eNodeB A needs to inform its UEs about discovery resources for F2 it will need to inform its UE about resources configured by eNodeB B, C, and D. If the information being broadcasted per eNodeB is all the information sent in SIB19 then it can be substantial information and can be well beyond the maximum information that can be transmitted using a SIB. 
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Observation 1: If a serving eNodeB wants to transmit discovery resources information of other carriers, information of multiple cells/eNodeB may need to be provided.
Observation 2: If the information being transmitted per eNodeB/cell is large, (for example, the complete content of SIB19 in other cells) then the total information that needs to be transmitted by the serving cell can easily exceed the maximum supported size for a SIB. 
We further note that for a UE to transmit on other frequency it is not sufficient to forward the SIB19 information only. For example, a UE will need to know other information associated such as NS values associated with the cell, whether the cell is barred or not, thresholds associated with cell association, etc. All of this information needs to be forwarded. We note that carrying such additional information further exacerbates the issue of transmitted information exceeding the maximum supported size for a SIB. 
Observation 3: For discovery transmission on other frequency, it is not sufficient for serving cell to transmit only SIB19 information. Information carried in other SIBs also needs to be forwarded, further exacerbating the issue of information being forwarded exceeding the maximum size of the SIB. 
Furthermore such information may change in future releases. This will place a constraint on future releases as they need to make sure that compatibility is maintained and the additional parameters being added are not large in size.
Observation 4: Furthermore, such information may change in future releases constraining future release in multiple ways. 
When serving eNodeB needs to transmit discovery resources information of other carriers it needs to know the SFN of other eNodeB quite accurately, i.e., within +/-5 subframes. Otherwise information such as offset within a discovery period will be inaccurate, confusing the UE. We note that during Release 12 it was agreed that for asynchronous deployments eNodeBs belonging to same PLMN will know the SFN of each other within +/-5 subframes. However it is unclear whether eNodeBs belonging to different PLMN will have similar accuracies.
Observation 5: If exact discovery resource information of other eNodeBs is provided, then serving eNodeB needs to know the SFN of other eNodeB within an accuracy of +/-5 subframes. 

Based on these observations we conclude that providing exact discovery resource information for other frequency can be challenging. 
Conclusion: Serving eNodeB providing exact discovery resource information for of other frequency is impractical due to multiple reasons.
Instead we propose that the serving cell provides a list of cell id and the systemInfoValueTag of the cells on the other frequency. This allows the UE to know whether any of the information has changed in the target frequency for discovery. If the systemInfoValueTag has changed then the UE needs to re-read all the relevant SIBs on the target frequency of discovery or else it only needs to tune to other frequency, get timing (if needed) and transmit on the selected resource(s).  This significantly reduces the power and gap overhead associated with each discovery transmission for a UE. 

Proposal 1: The discovery configuration of other frequency transmitted on primary carrier should consist of a list of cell ids and the systemInfoValueTag corresponding to the cell.

For Type 2B discovery transmission a serving cell can provide the discovery subframe and PRB index as defined in Release 12 (i.e., SL-TF-IndexPairList) along with cell id. These will be provided with respect to the cell on the target frequency for discovery.

Proposal 2: Serving cell provides Type 2B resources for discovery transmission on other frequency by indicating a pair of discovery subframe and PRB index as defined for Release 12 (i.e., SL-TF-IndexPairList) and the cell id. The resource pair should be provided with respect to the cell on the target frequency for discovery.

Since RAN3 is actively discussing the issue of what information needs to be exchanged between eNodeBs for inter-frequency discovery RAN2 should send a LS to RAN3 informing them of the same.
Proposal 3: Inform RAN3 about the exact information being exchanged for inter-frequency discovery.
2.2
Associated Cell for Discovery Transmission

RAN1 made the following agreement during RAN1#82.

Agreements:

· When a UE transmits D2D discovery in non-primary carrier:

· If the UE has the activated serving cell in non-primary carrier, then the activated serving cell is always used for DL measurements and synchronization 

· Otherwise, one single DL carrier is used for DL measurements and synchronization for a given SL transmission.

· This single DL carrier is signalled (details left to RAN2) as either:

· The DL carrier paired to the carrier on which the UE performs SL transmission, or 

· A DL carrier not paired to the carrier on which the UE performs SL transmission

We propose that the reference downlink carrier for discovery be signalled by simply signalling the downlink carrier frequency using ARFCN-ValueEUTRA. 
Proposal 4: Downlink carrier to be used as a reference for timing and measurement for discovery transmission is signalled using ARFCN-ValueEUTRA.
On the downlink carrier paired with the uplink carrier used for discovery transmission a UE needs to decide the cell whose discovery resource(s) and transmission parameters it will use, i.e., which cell to get associated with. RAN1 has suggested the following:

· RAN1 suggests that existing cell selection/reselection procedures apply for selecting which cell on the DL carrier is used, to be confirmed by RAN2
Our understanding is that RAN1’s suggestion is to reuse physical layer principal of associating with a cell and using its parameters.
Observation 6: RAN1’s suggestion of reusing cell selection/reselection procedure refers to reuse of physical layer principals of associating with a cell and using its parameters/resources instead of actual camping on the cell.
The actual procedure of selection/reselection is quite complicated [2]. There are several procedures related to reselection priority handling, measurement of higher priority frequency etc. These are not applicable to inter-frequency discovery. Performing such procedures will require a UE to read multiple SIBs on the target frequency for discovery which will lead to additional power consumption, memory consumption etc. While the underlying principle of associating with roughly the strongest cell should be reused but the procedure should be simplified.
Proposal 5a: For associating/reassociating the principle of selection/reselection roughly the strongest cell should be reused but the procedure should be significantly simplified.
Proposal 5b: The discovery resource(s) and transmission parameters of the associated cell will be used for discovery. 

2.3
Gaps for Discovery

During RAN2#91 following agreement on gaps for discovery was achieved.

· The UE can request gaps for discovery reception and/or transmissions.  In the request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission and/or reception.  FFS on what the transmissions subframes correspond to (all allowed transmission subframes or the subframes in which the UE intends to transmit).  FFS when the request is triggered.
We make proposals to resolve the FFS and some additional proposals for open issues.

A UE may request a gap for discovery transmission and/or reception and if the UE cannot support simultaneous WAN and discovery transmission and/or reception due to RF and other implementation reasons. Another reason for requesting gaps is if there are changes in requested configuration for example due to mobility or changes in SIB19. We note that when a UE decides to monitor the discovery reception is left to UE implementation. Furthermore transmission of discovery is driven by higher layers which in turn may be user driven. In other words the reasons for requesting gap are a function of UE implementation and issues that are not under network control. So it is natural that UEs trigger for requesting gaps is also left to UE implementation. 
Proposal 6: Trigger for requesting gaps should be left to UE implementation.
We would also like to clarify that gaps can be requested for both coordinated and uncoordinated network cases. 

Proposal 7: Gaps can be for both coordinated and uncoordinated network cases. 
We next discuss the issue of how gaps for transmission are reported. We propose that gaps for transmission should be defined as periods where in case of a time domain conflict between uplink transmission and sidelink discovery transmission, sidelink discovery transmission may be prioritized by the UE. We note that such prioritization should take into account interruptions and subframe timing offset. Such a definition simplifies reporting gaps for transmission. Discovery transmission gaps can be requested for all allowed transmission discovery subframes but the uplink traffic will be impacted only during actual discovery transmission. We note that this is similar to autonomous mode for in device coexistence.
Proposal 8: Transmission gaps are periods where in case of a time domain conflict between uplink transmission and sidelink discovery transmission, sidelink discovery transmission may be prioritized by the UE. Such prioritization should take into account interruptions and subframe timing offset.
Proposal 9: Transmission gaps are reported for all allowed transmission discovery subframes.
We next consider how exactly gaps are reported and how eNodeB grants the gaps. For simplicity we propose a UE can propose the gaps using the resource pool definition defined in Release 12, i.e., discovery period, discovery offset, subframe bitmap and number of repetitions of bitmap etc. The RBs being used for discovery may not be reported. Synchronization resources can also be reported using Release 12 definition. However eNodeB will assume that actual synchronization transmission will occur only according to Release 12 behaviour, i.e., the synchronization transmission (and correspondingly reception) occurs on the synchronization subframe occurring right before the first discovery subframe in a discovery period. An additional parameter is needed to account for subframe offset between the serving cell and the target frequency for discovery. This parameter will report an offset of +/-0.5ms. 

Proposal 10: Gaps should be reported using the resource pool definition of Release 12 (only time domain information) for synchronization and discovery. Release 12 synchronization transmission (and correspondingly reception) behaviour for discovery will be assumed. Additionally subframe offset of +/-0.5ms should be reported.
While allocating a gap eNodeB can also allocate gap using Release 12 definition but gaps accounting for subframe offset, time to synchronize, interruptions etc. will be implicitly allocated. Gaps for time to synchronize should be allocated before the first subframe within a discovery period for whom gap is requested.  
Proposal 11: eNodeB will allocate resources using resource pool definition of Release 12 for synchronization and discovery. Release 12 synchronization transmission (and correspondingly reception) behaviour for discovery will be assumed.

Proposal 12: Gaps accounting for subframe offset, time to synchronize, interruptions etc. will be implicitly allocated. Gaps for time to synchronize should be allocated before the first subframe within a discovery period for whom gap is requested.
We also propose that gaps are independently reported for per active cell(s) and per frequency on which the UE engages in discovery transmission and/or reception.
Proposal 13: Gaps are reported for each active cell(s) and per frequency on which the UE engages in discovery transmission and/or reception.
It should be clarified/confirmed that gaps apply to active time and OFF time of connected DRX mode.
Proposal 14: Gaps apply to connected DRX mode (including active time and OFF time).
2.4
Transmission Resource Request

To support inter-frequency/ inter-PLMN Type 2B discovery transmission we propose that when a UE sends transmission request to eNodeB (in SidelinkUEInformation message) it indicates EARFCN and PLMN ID along with required number of resources. Similarly when eNodeB provides Type 2B resource information to UE it also indicates corresponding EARFCN and PLMN ID in RRCConnectionReconfiguration message.

Proposal 15: UE sends transmission request to eNB (in SidelinkUEInformation message) it indicates EARFCN and PLMN ID along with required number of resources.
Proposal 16: When eNB provides Type 2B resource information to UE it also indicates corresponding EARFCN and PLMN ID in RRCConnectionReconfiguration message.

Our final proposal is that a LS should be sent to RAN4 about informing them about the agreements made on the issue of gap request and grant. This will help them identify the overheads for the implicit components of gaps.

Proposal 17: Send a LS to RAN4 informing them of the agreements made on gap request and grant.
3
Conclusion

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

Observation 1: If a serving eNodeB wants to transmit discovery resources information of other carriers, information of multiple cells/eNodeB may need to be provided.
Observation 2: If the information being transmitted per eNodeB/cell is large, (for example, the complete content of SIB19 in other cells) then the total information that needs to be transmitted by the serving cell can easily exceed the maximum supported size for a SIB. 
Observation 3: For discovery transmission on other frequency, it is not sufficient for serving cell to transmit only SIB19 information. Information carried in other SIBs also needs to be forwarded, further exacerbating the issue of information being forwarded exceeding the maximum size of the SIB. 
Observation 4: Furthermore, such information may change in future releases constraining future release in multiple ways. 

Observation 5: If exact discovery resource information of other eNodeBs is provided, then serving eNodeB needs to know the SFN of other eNodeB within an accuracy of +/-5 subframes. 

Conclusion: Serving eNodeB providing exact discovery resource information for of other frequency is impractical due to multiple reasons.
Proposal 1: The discovery configuration of other frequency transmitted on primary carrier should consist of a list of cell ids and the systemInfoValueTag corresponding to the cell.

Proposal 2: Serving cell provides Type 2B resources for discovery transmission on other frequency by indicating a pair of discovery subframe and PRB index as defined for Release 12 (i.e., SL-TF-IndexPairList) and the cell id. The resource pair should be provided with respect to the cell on the target frequency for discovery.

Proposal 3: Inform RAN3 about the exact information being exchanged for inter-frequency discovery.
Proposal 4: Downlink carrier to be used as a reference for timing and measurement for discovery transmission is signalled using ARFCN-ValueEUTRA.
Observation 6: RAN1’s suggestion of reusing cell selection/reselection procedure refers to reuse of physical layer principals of associating with a cell and using its parameters/resources instead of actual camping on the cell.

Proposal 5a: For associating/reassociating the principle of selection/reselection roughly the strongest cell should be reused but the procedure should be significantly simplified.

Proposal 5b: The discovery resource(s) and transmission parameters of the associated cell will be used for discovery. 

Proposal 6: Trigger for requesting gaps should be left to UE implementation.
Proposal 7: Gaps can be for both coordinated and uncoordinated network cases. 

Proposal 8: Transmission gaps are periods where in case of a time domain conflict between uplink transmission and sidelink discovery transmission, sidelink discovery transmission may be prioritized by the UE. Such prioritization should take into account interruptions and subframe timing offset.
Proposal 9: Transmission gaps are reported for all allowed transmission discovery subframes.
Proposal 10: Gaps should be reported using the resource pool definition of Release 12 (only time domain information) for synchronization and discovery. Release 12 synchronization transmission (and correspondingly reception) behaviour for discovery will be assumed. Additionally subframe offset of +/-0.5ms should be reported.
Proposal 11: eNodeB will allocate resources using resource pool definition of Release 12 for synchronization and discovery. Release 12 synchronization transmission (and correspondingly reception) behaviour for discovery will be assumed.

Proposal 12: Gaps accounting for subframe offset, time to synchronize, interruptions etc. will be implicitly allocated. Gaps for time to synchronize should be allocated before the first subframe within a discovery period for whom gap is requested.
Proposal 13: Gaps are reported for each active cell(s) and per frequency on which the UE engages in discovery transmission and/or reception.

Proposal 14: Gaps apply to connected DRX mode (including active time and OFF time).
Proposal 15: UE sends transmission request to eNB (in SidelinkUEInformation message) it indicates EARFCN and PLMN ID along with required number of resources.
Proposal 16: When eNB provides Type 2B resource information to UE it also indicates corresponding EARFCN and PLMN ID in RRCConnectionReconfiguration message.

Proposal 17: Send a LS to RAN4 informing them of the agreements made on gap request and grant.
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