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1 Introduction
Rel-13 WI [1] was approved in RAN#66 meeting, and one of objectives is to enhance the Prose Direct Discovery by introducing the support for inter-frequency discovery.  
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].
The issue was discussed in RAN1/2 in several previous meetings, and some agreements have been made, based on which RAN4 could start the discussion on the RRM impacts due to this enhancement. 

In particular, in [2] RAN1 lists the following agreements related to inter-frequency Prose discovery.  

	Agreement (PS Discovery):

· {40, 80,160}msec for FDD and TDD config 1 to 5, {70,140, 280}msec for TDD config. 0, and {60,120, 240}msec for TDD config. 6 periodicities are additionally supported for PS discovery resource pool period (including supporting relay discovery).
Agreement (Inter-Frequency Discovery):

In all cases, D2D transmission power shall not be more than the residual power after allocation of power for any overlapping WAN transmissions. The details of the method for calculating the residual power are left to UE implementation, but shall not impact the WAN transmission power. 

Note that this does not change any other aspects of the power behaviour when there is no overlapping WAN transmission. 

Note that this does not change the agreements that D2D transmission power shall not change during a subframe (except in case of SSSS transmission). 

Agreements (Inter-Frequency Discovery):

· 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

· RAN1 suggests that existing cell selection/reselection procedures apply for selecting which cell on the DL carrier is used, to be confirmed by RAN2 
Conclusion (PS Discovery):

Power control parameters are already agreed to be independently configured per resource pool, and this extends also to the PS discovery resource pool. 

Conclusion (Discovery): 

In case of discovery transmission on the same carrier as UL WAN transmission in RRC_CONNECTED mode, the existing Rel-12 behaviour applies for dropping D2D transmissions in case of overlap with WAN transmissions. 


In [3], RAN2 also lists the agreements on the introduction of gap to support Prose discovery TX/RX and requests RAN4 to discuss the additional overhead to be included in the gap.

	· Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and intra-frequency cases for connected mode UEs

· eNodeB controls the gap configuration on a per UE basis 

· The gap created for discovery should take into account additional overhead (for synchronization and subframe offset) and interruption time for retuning.  The actual overhead and interruption time depends on RAN4 discussion.
· 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.  
RAN2 would like to request RAN4 to discuss details of additional overheads to be included in the sidelink gaps. Such additional overheads comprise the delay due to synchronization, subframe offset between serving carrier and ProSe discovery carrier, and interruption because of frequency re-tuning. 


In this paper, based on RAN1/2 agreements, we will discuss the RRM impacts due to inter-frequency Prose discovery and other enhancements to Prose discovery.
2 Discussion

Interruption v.s. gap
In Rel-12, interruption of 1ms is allowed before and after the UL subframe configured for Prose discovery by the eNodeB. The interruption is only concerned with PCell, and the requirement is applicable provided that the Prose discovery is done on UE’s PCell.

In Rel-13, RAN2 agrees to introduce gap in Uu link in order to allow UE without dedicated RF chain for Prose to do Prose on an inter-frequency carrier, and the gap is applied to both intra- and inter-frequency Prose discovery. Furthermore, RAN2 in its LS also indicates that the interruption due to frequency re-tuning is included in the gap as additional overhead. 

Therefore, we think when gap is configured by network, the interruption as allowed in Rel-12 should not be allowed anymore. When gap is not configured, the Rel-12 requirement should be re-used, which means the Prose discovery on other carrier than the UE’s PCell is on best effort basis and should not cause any interruption to WAN operation.

Proposal 1:  When gap is configured by network, the interruption as allowed in Rel-12 should not be allowed anymore; when gap is not configured, the Rel-12 requirement should be re-used.    
Discussion on the gap

The gap pattern, e.g. the gap repetition period and gap length, depends on the resource pool, i.e. subframes that will be used by UE for Prose discovery TX/RX. For type 1 discovery, the subframes are determined by UE and indicated to network via gap request; for type 2 discovery, network is already aware of the subframes when scheduling the UE for discovery. In any case, network and UE would have common understanding, so the exact gap pattern is not in RAN4 scope, and it is believed that the selected gap pattern will ensure basic WAN operation. For example, a gap consists of consecutive 40ms would impact basic WAN operation, and thus should not be used by eNB/UE implementation.    

Proposal 2: RAN4 is not going to discuss exact gap pattern.   
For a UE equipped with multiple RF chains, there are two possible options to apply the gap. 
1) The gap is per UE, i.e. applicable to all the serving carriers, and this is same as today’s measurement gap. 
2) The gap is only applicable to the serving carriers served by the RF chain which is to be used for the Prose discovery TX/RX.

In our understanding, the issue is quite similar to the measurement gap enhancement for which a Rel-13 SI is ongoing, where a per component carrier measurement gap configuration is considered as one option. Therefore, in our view the gap for Prose discovery should be defined as per UE, i.e. option 1) in Rel-13, and per serving carrier gap can be considered together with measurement gap enhancement in future releases. For example, same mechanism can be used to handle the possible interruptions on other serving carriers due to frequency re-tuning of a specific RF chain.

Proposal 3: Gap for Prose discovery is per UE basis.         
Another aspect of the gap is the additional overhead, which RAN2 asks RAN4 to analyze.

· Interruption because of frequency re-tuning: We think the interruption due to re-tuning can be handled in the same way as in measurement gap, i.e. some time margin should be preserved before and after the “real” subframes used for Prose discovery TX/RX. So far we don’t find any difference compared to re-tuning for inter-frequency measurement, so the margin is proposed to be 0.5ms.  

· Subframe offset between serving carrier and ProSe discovery carrier: We think this time offset is similar to async DC, and the maximum offset is 0.5ms. Therefore, we think another 0.5ms margin could be added before and after the “real” subframes used for Prose discovery TX/RX. 
· Delay due to synchronization: In our understanding, there should be different cases for Prose discovery TX and RX.
· For discovery TX, the purpose of sync is to find a proper cell in the Prose discovery frequency, and its DL timing which will be the reference for the discovery TX. We think UE should have performed basic RRM activities in the cell, including detection of PSS/SSS and MIB/SIB reading, but not with gaps for Prose discovery. Therefore, there is no need to preserve any margin.

· For discovery RX, the purpose of the sync is to find a SyncRef UE, and this in our view is quite similar to the neighbour cell discovery introduced in Rel-12. There network could indicate the UE whether the discovery source in neighbour cell is synchronous or asynchronous to the receiving UE’s serving cell, and in case of async UE is required to handle a sync window of ±5ms. We think the principle could be re-used, and the exact length of the sync window can be further studied.         
Proposal 4: The additional overhead to be included in the gap are

· Interruption because of frequency re-tuning: 0.5ms before and after the discovery subframe

· Subframe offset between serving carrier and ProSe discovery carrier: 0.5ms before and after the discovery subframe

· Delay due to synchronization: 0 for Prose discovery TX and synchronous Prose discovery RX, 5ms for asynchronous Prose discovery RX

Other enhancements of Prose discovery

Besides inter-frequency Prose discovery, there are other enhancements to be introduced in the same WI, in particular the Prose discovery for public safety (PS), and some considerations are needed if UE is doing Prose PS discovery on an inter-frequency, which is seen as allowed based on our understanding of the WID. In our view, there are at least two problems to be discussed.

1)  Dedicated RF chain for Prose PS discovery: This means UE does not need to re-use the RF chain for any serving cell to do Prose discovery in another frequency, so gap is most likely not needed. However, there could still be interruptions due to the turning on/off of the dedicated chain.  

2) Small discovery period for Prose PS discovery: This means Prose discovery can be as frequent as Prose communication. In Rel-12 interruption due to Prose communication is only allowed during the RRC procedure for the (de)configuration, and we think the same principle could be re-used, although the exact threshold for the discovery period is to be further discussed. 
Proposal 5: RAN4 to further discuss the RRM impacts of dedicated RF chain and small discovery period for Prose PS discovery.
3 Conclusions 

In this paper, based on agreements from RAN1 and RAN2 on enhancements to Prose discovery, we provided out views on how RAN4 RRM would be impacted due to the enhancements. In particular, we have the following proposal.

Proposal 1:  When gap is configured by network, the interruption as allowed in Rel-12 should not be allowed anymore; when gap is not configured, the Rel-12 requirement should be re-used.    

Proposal 2: RAN4 is not going to discuss exact gap pattern.   

Proposal 3: Gap for Prose discovery is per UE basis.         

Proposal 4: The additional overhead to be included in the gap are

· Interruption because of frequency re-tuning: 0.5ms before and after the discovery subframe

· Subframe offset between serving carrier and ProSe discovery carrier: 0.5ms before and after the discovery subframe

· Delay due to synchronization: 0 for Prose discovery TX and synchronous Prose discovery RX, 5ms for asynchronous Prose discovery RX

Proposal 5: RAN4 to further discuss the RRM impacts of dedicated RF chain and small discovery period for Prose PS discovery.
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