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1. Introduction

At the last RAN2 meeting, the following agreements related to the inter- and intra-frequency neighbouring cell support were reached. [1]
	1
Support both deployment scenarios for inter-cell discovery: 1) synchronized deployment, and 2) asynchronized deployment. 

2
Support both resource allocation strategy of operator: 1) overlapping discovery resource between cells, 2) non-overlapping discovery resource between cells

3
The serving cell may provide in SIB information which neighbour frequencies support ProSe discovery. 

4
For synchronized, full-overlapping, intra-frequency deployment, the eNB provides just one resource pool (no D2DSS information required)


However, the details of the inter- and intra-frequency neighbouring cell discovery are still unclear. This contribution discusses the remaining issues and provides suggestions for clarifications. 
2. Discussion
2.1. Synchronous and Asynchronous deployments
According to agreement 1 above, D2D UEs should have the capability to support inter-cell discovery regardless in both synchronous and asynchronous deployment scenarios.  Under the synchronous deployment scenario, the D2D UE’s timing with its serving cell may be used for intra/inter-frequency, inter-cell discovery. On the other hand, under the asynchronous deployment scenario, the ability for the D2D UE to perform inter-cell discovery will depend on whether the serving cell knows the neighbouring cell’s timing information.
Asynchronous deployment scenario with timing offset

With knowledge of the neighbouring cell’s timing information, the serving cell may provide implicit or explicit timing information of the neighbouring cell to its D2D UEs. This allows D2D UEs to perform inter-cell discovery without the direct synchronization with D2D UEs served by neighbouring cells. With implicit timing information, the timing information is not directly provided to the D2D UE.  Instead, the discovery reception pools from the neighbouring cells are pre-adjusted with the time difference between the serving and the neighbouring cells.  As the name suggests, with explicit timing information, the timing information is directly provided to the UE and the discovery reception resource provided by the cell is not pre-adjusted with the timing difference between cells. With regard to the UE’s complexity and the amount of data in SIB, the implicit scheme is preferable.
Asynchronous deployment scenario without the timing offset
If timing information of the neighbouring cell is not available to the serving cell, the D2D UE will need to synchronize directly with the neighbouring cell to perform the inter-cell discovery using one of the two alternatives below:
a) Monitoring PSS/SSS and MIB transmitted from the neighbouring cells
b) Monitoring D2DSS and PD2DSCH transmissions from D2D UEs in the neighbouring cells
The alternatives suggest that the synchronization scheme without timing offset information will differ significantly from the scenario with timing offset information. RAN2 should consider whether the complexities suggested by the alternatives are reasonable and whether the asynchronous deployment scenario without the timing offset should be supported for inter-cell discovery.
Proposal 1 RAN2 should decide whether asynchronous deployment scenario without the timing offset should be supported for inter-cell discovery. 
Currently, it is up to eNB implementation whether D2DSS is configured to be transmitted by D2D UEs. Whether or not D2DSS is configured may also depend on regional requirements including public safety requirements of specific regions. Therefore, to allow more flexibility for operators, both timing offset sharing and D2DSS without timing offset sharing should be supported for inter-cell discovery in asynchronous deployments. 

If the timing offset is available, reception of the discovery signal from neighbouring D2D UEs may be possible with either the implicit provisioning or the explicit provisioning as mentioned above without D2DSS. And if timing offset is not available, it should also be possible for the monitoring UE to decode D2DSS transmitted by the neighbouring cell’s UE in order to synchronize with the neighbouring cell’s discovery resource. 
Proposal 2 For inter-cell discovery under the asynchronous deployment scenario, the network should have the option to use either timing offset or D2DSS to allow the UE to synchronize with discovery resources from the neighbouring cell.
2.2. Discovery resource pool
With regards to the discovery reception pool for inter-cell discovery, the following agreement was reached in RAN2#85bis [2].
	0. The eNB may provide D2D reception discovery resources in SIB. These may cover resources used for D2D transmission in this cell as well as resources used in neighbour cells. (Details FFS)


This agreement suggests the discovery reception resources are shared between the serving cell and the neighbouring cell; however, there is currently no agreement that the discovery reception resources have to be shared between the serving cell and the neighbouring cells. Therefore, in order to clarify the contents of the SIB, it should be discussed whether or not the inter-cell discovery can be performed if the serving cell doesn't know the reception discovery resource of the neighbouring cell. 
In case inter-cell discovery is supported by the serving cell, but the discovery reception resources of the neighbouring cell is not available to the serving cell, the D2D UE will need to obtain discovery reception resources through other means.  For example, the D2D UE may acquire the discovery reception resources directly from the neighbouring cell's SIB or from the PD2DSCH transmitted by D2D UEs served by the neighbouring cell. However, RAN1 had agreed that D2D UEs are not required to decode the neighbouring cell's SIB [3] and the structure of the PD2DSCH is still under discussion, so the direct acquisition scheme of the neighbouring cell's discovery reception resource should be precluded from Rel-12. 
Observation 1 If the serving cell is provided with the neighbouring cell's discovery information, the D2D UE is not required to obtain the discovery information directly from the neighbouring cell’s SIB or PD2DSCH.
Proposal 3 If the serving cell is not provided with the neighbouring cell's discovery information, RAN2 should also decide if inter-cell discovery should be supported.
2.3. Inter-frequency support
At RAN2#86, the following agreement was reached for inter-frequency neighbouring cell support: 
	3
The serving cell may provide in SIB information which neighbour frequencies support ProSe discovery. 
[…]
FFS: what information is required for other deployments and how much data that will comprise (feasible for SIB?)


This agreement means the D2D UE can obtain the neighbour frequency list from its serving cell. This will allow the D2D UE to decode the SIB (i.e., SIB18) from neighbouring cells for the frequency of interest.  However, it may be necessary for the D2D UE to perform inter-frequency SIB18 decoding frequently or at least at SIB modification boundaries in case the contents of SIB18 changes, every time the UE is interested in inter-frequency discovery.  As a result, two alternatives for inter-frequency discovery support may be considered; 
ALT 1: The UE obtains the inter-frequency discovery reception information directly from the neighbouring cell’s SIB.

ALT 2: The UE obtains the inter-frequency discovery reception information from its serving cell’s SIB.
With ALT 1, in order for the UE to obtain the discovery reception information directly from the neighbouring cell, the UE will also need the serving cell to configure gaps for checking the updated SIB18 from the inter-frequency neighbouring cell.  This adds significant complexities to the serving cell.  With ALT 2, the UE will be able to obtain updated inter-frequency discovery reception information without gaps.  Therefore, ALT 2 should be supported, for inter-frequency discovery. 
Proposal 4 The serving cell provides in SIB inter-frequency discovery reception information corresponding to each supported discovery frequency. 
2.4. Inter-cell discovery transmission & reception
In addition to inter-frequency discovery reception, it is also necessary to consider how inter-frequency discovery transmissions should be handled. For the synchronous scenario, if the serving cell discovery resources fully-overlaps the inter-frequency, inter-cell discovery can be achieved for both D2D reception and transmissions without special considerations. However, if the inter-frequency cells are non-synchronous or if the discovery resources are not fully overlapping, further enhancements will be needed.  The following alternatives may be considered; 
ALT 1: D2D UE 1 transmits the discovery signal on f1, and then D2D UE 2 receives the signal on f1. In this alternative, the D2D UE 2 is assumed to have at least a receiver for each of the two frequencies. 

ALT 2: The D2D UE 1 transmits the discovery signal on f2, and then the D2D UE 2 receives the signal on f2. In this alternative, the D2D UE 1 may be assumed to have at least a transmitter for both frequencies. 

ALT 3: The D2D UE 1 transmits the discovery signal on f1, and then D2D UE 2 receives the signal on f1 after it is handed over to f1. In this alternative, the eNB operating Cell 2 is assumed to have another cell that can be operated on f1. 
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Figure 1 - Example of the deployment scenario for inter-frequency
ALT 1 is a straightforward scheme since Cell 1 allocates only the discovery resources for transmissions within its own operating frequency to D2D UE 1, while D2D UE 2 will need to receive the discovery signal on a frequency different from its serving frequency. 

ALT 2 has the potential for more flexibility in the network planning, assuming the multi-carrier D2D operation is supported. However, for the D2D Communication, RAN2 agreed the "While being in the coverage area of an E-UTRA cell, the UE may only perform ProSe Direct Communication Transmission on the UL carrier of that cell only on the resources assigned by that cell " at the last meeting [1], so this means the D2D UE should only perform D2D discovery transmissions on the UL carrier of the cell where the discovery resource is assigned.
ALT 3 is a mechanism to reuse the intra-frequency D2D discovery as much as possible under the multi-frequency deployment scenario. Due to the reuse of the existing intra-frequency D2D discovery mechanism, Alt 3 may result in the least impact to the D2D UE.
Based on the above understanding, D2D UEs should only transmit discovery signals based on the serving cell's discovery transmission resources; therefore, ALT2 should not be further considered. However, if transmitting D2D UE is performing Carrier Aggregation and configured SCell on neighbouring frequency, whether or not D2D UE transmit discovery signal based on the SCell's discovery resource is still FFS.
Proposal 5 For inter-frequency discovery, the D2D UE should not be allowed to transmit discovery signal on a frequency different from the serving cell’s frequency as described in ALT 2.
Proposal 6 The D2D UE should transmit discovery signal based on the serving cell's discovery transmission resources.
3. Conclusion

This contribution discusses further details of intra-/inter-frequency, inter-cell discovery.  We have the following observation and proposals.
Proposal 1 RAN2 should decide whether asynchronous deployment scenario without the timing offset should be supported for inter-cell discovery. 
Proposal 2 For inter-cell discovery under the asynchronous deployment scenario, the network should have the option to use either timing offset or D2DSS to allow the UE to synchronize with discovery resources from the neighbouring cell.
Observation 1 If the serving cell is provided with the neighbouring cell's discovery information, the D2D UE is not required to obtain the discovery information directly from the neighbouring cell’s SIB or PD2DSCH.
Proposal 3 If the serving cell is not provided with the neighbouring cell's discovery information, RAN2 should also decide if inter-cell discovery should be supported.
Proposal 4 The serving cell provides in SIB inter-frequency discovery reception information corresponding to each supported discovery frequency. 
Proposal 5 For inter-frequency discovery, the D2D UE should not be allowed to transmit discovery signal on a frequency different from the serving cell’s frequency as described in ALT 2.
Proposal 6 The D2D UE should transmit discovery signal based on the serving cell's discovery transmission resources.
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