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1. Introduction

In this contribution, we present our proposals for RRM requirements for inter-frequency / inter-PLMN discovery. 
Further, discussion is also presented for the general multicarrier D2D discovery and communication operation that was deprioritized in Rel-12 and is done within Rel-13 scope.
2. Background
RAN1 and RAN2 agreements related to inter-frequency / inter-PLMN discovery are provided in Appendix A.

For inter-frequency/ inter-PLMN discovery, we present the discussion on the following aspects that have been discussed in RAN1/ RAN2 related to inter-frequency / inter-PLMN discovery.
· Tx/Rx Gaps
· Interruptions
· Associated cell used for discovery timing / power control (for discovery on non-serving cell)
· Transmission timing requirements

Tx/Rx Gaps: For Rel-13 discovery, RAN2 has agreed to allow for Gaps on Uu transmission and/reception for both intra-frequency and inter-frequency discovery. An LS was sent by RAN2 on the same in R2-153983 and action was requested from RAN4 to provide the overheads required to be accommodated in the Gaps. Detailed discussion for Tx/Rx Gaps and the impact on RAN4 requirements is provided in our companion contribution R4-155557.
Interruptions: In Rel-12, interruptions due to discovery were allowed on PCell only as R4 restricted the D2D operation for the cases when the UE is associated only with a PCell. In Rel-13, we are extending this for multicarrier operation – i.e., UE can be associated with PCell and SCell(s). Hence the interruptions agreements need to be extended to those cases. Note that this is even if Gaps were not supported – i.e., if UE had a spare chain that it turns ON/OFF before and after discovery/SLSS subframes.   
Associated cell used for discovery timing/power control (for discovery on non-serving carrier): When D2D discovery transmissions is on non-serving carrier, RAN1 agreed that the serving eNB can provide the carrier frequency to use for Discovery synchronization and open-loop power control (DL measurements).  Further, RAN1 suggested using existing cell selection / reselection principles in choosing the cell on the discovery carrier. As discussed in R2-154757, existing cell selection / reselection principles can be used while the actual procedure can be much simpler (as many aspects such as priority handling, inter-frequency reselection, etc. are not applicable). 
Transmission timing requirements: In Rel-12, discovery transmissions were supported only on PCell and hence transmission timing requirements for discovery are specified w.r.t. PCell timing (when in-coverage). However, in Rel-13, two further cases are supported:

· Discovery transmission on SCell: in which case SCell is used for timing reference.
· Discovery transmission on non-serving cell (in-coverage): As discussed above, when discovery Tx is on non-serving carrier, the serving eNB can indicate the use of a non-serving carrier (can be same as discovery carrier) for discovery synchronization and DL measurements. Using the terminology of ‘associated cell for discovery transmission’ [R2-154757], the transmission timing will then follow the associated cell on the frequency indicated by the serving cell for discovery synchronization.
In the following section, we present further discussion on these aspects and provide our proposals for the same.
3. Discussion for inter-freq / inter-PLMN discovery
3.1. Interruptions due to discovery (and communications)
In Rel-12, interruptions due to discovery (and communications) were specified only to PCell, as the D2D operation was restricted to the case when the UE is associated with only PCell. Following requirements were defined:
· Interruption during ProSe configuration / de-configuration (discovery and communication; 7.16.3.1 and 7.16.3.2)

· Interruptions during ProSe discovery (7.16.3.3)

In Rel-13, RAN4 is extending the support of D2D (discovery and communication) to the cases when the UE is associated with PCell and SCell. Hence the existing requirements for interruptions should be extended to all activated cells. Note that this is independent of the discussion for Tx/Rx gaps and Discovery on non-serving carrier.
For Tx/Rx gaps, we note that the UE requests gaps independently for each serving carriers. The interruptions occur since when the UE retunes its Tx/Rx chains, it can also affects all other chains. Furthermore, the UE may request only for Rx gaps, but interruptions will occur to both Tx and Rx. Hence the interruptions is not only to the carrier on which Gap is requested (Tx and/or Rx), but rather on all the activated cells. 
Proposal 1: For D2D discovery and communications, existing requirements on interruptions should be extended for PCell and activated SCell(s).

Observation 1: Proposal 1 is independent of Tx/Rx gaps discussion for Rel-13 and are applicable due to multicarrier support (PCell and SCell(s) configured for WAN).

Proposal 2: When D2D discovery is on non-serving cell, R4 to define interruptions requirements based on the RAN2 agreements on Tx/Rx Gaps. Example, interruptions are allowed on three subframes within the Gap to PCell and activated SCell(s).
3.2. Discovery transmission timing requirements

In Rel-12, discovery transmissions were restricted to PCell only.

In Rel-13 for inter-frequency / inter-PLMN discovery, discovery trnsmissions are allowed on SCell and non-serving carrier as well.

· When discovery transmission is on Scell, the SCell DL timing is used as reference

· When discovery transmission is on non-serving carrier, the serving eNB also indicates the carrier to use for discovery synchronization. The UE associates with a cell on that carrier and follows the timing of the associated cell for discovery transmissions.
With regard to timing accuracy requirements, we can reuse the existing requirements. Only specification work is required to extend the existing requirements to the case when SCell and/or non-serving cell is used as timing reference.
Proposal 3: When discovery transmissions is on SCell or non-serving carrier, the existing transmission timing requirements (section 7.16.2.1) can be reused w.r.t. the following timing references

· When discovery Tx is on SCell, then the timing reference is Scell DL timing.

· When discovery Tx is on non-serving carrier, then timing reference is the DL timing of the associated cell used for discovery synchronization.

3.3. Selection/reselection for associated cell used for discovery synchronization

For inter-frequency / inter-PLMN discovery, Rel-13 supports Discovery transmissions on non-serving carrier. In Rel-12, only discovery reception was supported on non-serving carrier and hence no requirements were defined w.r.t. cell association on that carrier. 
For discovery transmission on non-serving carrier, the serving eNB also indicates the DL carrier that can be used for discovery synchronization. The signaled DL carrier may or may-not be the one paired with the carrier on which Discovery transmissions are being performed. The UE is expected to synchronize to a cell on the DL carrier indicated for Discovery synchronization, and RAN1 recommended using the principles of existing cell selection / reselection rules to associating with the cell on that carrier. 

RAN2 is expected to define the exact procedure for cell association for discovery synchronization. Similar to existing specifications for cell selection/reselection, we propose the following:

· Associated cell selection: No requirements for time required to associate with a cell on non-serving carrier used for discovery synchronization.

·  Associated cell reselection: If a specific procedure is defined that differs from existing cell reselection procedure, we propose to define the reselection time. Reselection time can be defined similar to inter-frequency cell identification time with DRX cycle = discovery period, i.e., 20 x discovery period.
Proposal 4: For discovery transmission on non-serving carrier, following requirements can be considered for cell association for discovery synchronization:
· Associated cell selection: No requirements for time required to associate with a cell on non-serving carrier used for discovery synchronization.

·  Associated cell reselection: If a specific procedure is defined that differs from existing cell reselection procedure, R4 can consider defining the reselection time.
4. Conclusions

In this paper, we propose the following RRM requirements for inter-frequency / inter-PLMN discovery. Further, proposals for multicarrier operation for D2D discovery and communication are included as well.

(Interruptions due to multicarrier D2D / inter-freq discovery)

Proposal 1: For D2D discovery and communications, existing requirements on interruptions should be extended for PCell and activated SCell(s).

Observation 1: Proposal 1 is independent of Tx/Rx gaps discussion for Rel-13 and are applicable due to multicarrier support (PCell and SCell(s) configured for WAN).

Proposal 2: When D2D discovery is on non-serving cell, R4 to define interruptions requirements based on the RAN2 agreements on Tx/Rx Gaps. Example, interruptions are allowed on three subframes within the Gap to PCell and activated SCell(s).
(Transmission timing requirements for Discovery Tx on SCell/non-serving cell)

Proposal 3: When discovery transmissions is on SCell or non-serving carrier, the existing transmission timing requirements (section 7.16.2.1) can be reused w.r.t. the following timing references

· When discovery Tx is on SCell, then the timing reference is Scell DL timing.
· When discovery Tx is on non-serving carrier, then timing reference is the DL timing of the associated cell used for discovery synchronization.

(Selection/reselection for associated cell used for discovery synchronization)

Proposal 4: For discovery transmission on non-serving carrier, following requirements can be considered for cell association for discovery synchronization:

· Associated cell selection: No requirements for time required to associate with a cell on non-serving carrier used for discovery synchronization.

·  Associated cell reselection: If a specific procedure is defined that differs from existing cell reselection procedure, R4 can consider defining the reselection time.

5. References

[1] R4-154345, “Summary of R1/R2 agreements on eD2D - RRM viewpoint”, Qualcomm, RAN4 #76
[2] R4-155402, “Frequency bands for D2D Discovery Requirements in Release 13”, Ericsson, RAN4 #76
6. Appendix A: RAN1/2 agreements on inter-freq Discovery
	Inter Frequency Discovery – RAN 1 Agreements 

Conclusion: 

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. 

This has no spec impact in Rel-13. 

Agreement:

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:

· 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

Inter Frequency Discovery – RAN 2 Agreements 

· Serving eNB is not mandated to provide discovery transmission resources for all carriers signalled in its SIB19.  

· If SIB19 doesn’t provide discovery transmission resources for the allowed carriers listed in the SIB19, the network can signal whether the UE should autonomously read the SIB19 of the signaled carrier or if the UE is expected to request resources from the serving cell for that carrier.  

· The UE is not expected to connect to the other PLMN to perform discovery transmission.  The UE should remain connected to the serving PLMN.  

· If the UE autonomously reads SIB19 of the other carrier to acquire tx resources and that carrier doesn’t provide discovery transmission resources in SIB19, the UE is not allowed to transmit on that carrier.  

·   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.  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.
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