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1. Introduction
In RAN2#86, inter-cell (and also inter-frequency) neighbour cell support was discussed and the following agreements were reached [1]; 

	Agreements
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)

FFS: what information is required for other deployments and how much data that will comprise (feasible for SIB?)


In this contribution, the remaining issues for supporting inter-cell discovery are clarified along with possible solutions. 
2. Remaining issues in inter-cell discovery aspect 
2.1. Synchronization schemes under asynchronous deployment 
Although many issues for the support of inter-cell discovery may be solved by the consideration for inter-frequency and inter-PLMN discovery proposed in [2], it’s still FFS how to handle asynchronous deployment. As we proposed in [3], it depends on how to ensure (rough) synchronization between peer UEs and following options could be considered: 
· Option A: The serving cell provides a timing offset which indicates the time differences between the serving cell and its neighbour cells. 
· Option B: The UE directly monitors PSS/SSS and MIB transmitted from the neighbouring cell(s). 
· Option C: The UE directly monitors PD2DSS/SD2DSS (and possibly PD2DSCH) transmitted from the announcing UE in the neighbour cell. 
Although Option B appears to be the simplest option, it has significant drawback in that the successful range of discovery depends on the successful decoding range of PSS/SSS which is transmitted by the neighbour cell. Therefore, Option B should have lower priority. 
Proposal 1:
For inter-cell discovery under the asynchronous deployment scenario, the network should have the option to use either timing offset (Option A) or D2DSS (Option C) to allow the UE to synchronize with discovery resources from the neighbouring cell.
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SSis PSS/SSS in Option A & B, while D2DSS in Option C. 

Discoveryis the discovery signal (payload) in all options.


Fig. 1
Synchronization options for inter-cell discovery
2.2. Issue on Option A
If proposal 1 is acceptable, Option A is a possibility for synchronization between UEs on different cells. It’s still unclear whether a single timing offset is sufficient to support the synchronization needs for all UEs which are camped/served by a cell. However, based on the agreement from RAN2#86 that “For synchronized, full-overlapping, intra-frequency deployment, the eNB provides just one resource pool (no D2DSS information required)”, it may be assumed that no additional synchronization is required for the UEs as long as the cells were synchronized. Therefore, the timing offset is common to all UEs for the concerned cell, and per-UE offset is not needed. 
Confirmation 1:
If the serving cell provides the timing offset to the UEs, a common timing offset is applicable to all UEs for the concerned cell. 
However, since Rel-12 does not assume any coordination among cells over X2 interface, the OAM may be required to provide the cells with the timing offsets for each of its neighbour cells. The complexity for the OAM to provide this level of support is especially high for dense cellular deployments with complex neighbour relations. 

Observation 1:
Under dense cellular deployments with complex neighbour relations, significant efforts are required of the OAM to support the provisioning of timing offsets. 
2.3. Issue on Option C
If proposal 1 is acceptable, Option C is also a possibility for inter-cell discovery synchronization. Based on the RAN1 agreements below [4]

 REF _Ref399179884 \w \h 
[5]

 REF _Ref399432441 \w \h 
[6], RAN2 should further discuss how the serving cell should determine which UE needs to transmit the D2DSS. 
	Agreement:(at RAN1#76-bis)
[…]
· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB
· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB


	Agreements: (at RAN1#77)
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery
· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals
· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB

· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling
· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS
· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured
· FFS: If all discovery UEs transmit D2DSS


	Agreements: (at RAN1#78)
[…]

· For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios

[…]


Although RAN1 has reached many important agreements some issues relating to D2DSS remain unclear.  As highlighted within the agreements, RAN1 has at least clarified that the eNB has the responsibility to configure the UE(s) for the transmission of D2DSS. In addition, RAN1 intended that D2DSS may be needed for inter-cell discovery. One possibility would be to assume that all UEs, which requests dedicated transmission resources with UEAssistanceInformation or informs of “interested in announcing” with the ProSe Indication [2], are configured with transmission and/or reception of D2DSS; however this may cause excessive intra-cell D2DSS collision, inter-cell interference, the degradation of the quality of WAN communication (i.e., WAN UL reception) of the neighbour cell as well as the probability of discovery due to the lack of time/frequency synchronization between UEs and between cells. Therefore, configuring all UEs for the transmission of D2DSS should be avoided. 
Proposal 2:
RAN2 should not assume that all UEs are configured with D2D transmission of PD2DSS and SD2DSS. 
Note that Proposal 2 assumes D2DSS reception is configured to all UEs. 

If proposal 2 is acceptable, the issue is how the eNB determines which UEs should be configured to transmit D2DSS. In other words, the eNB has no way to know which UE pair needs D2DSS for discovery. 
One possibility is to use the authorised discovery range for announcing or authorised announcing range specified in [7]

 REF _Ref398838359 \w \h 
[8]. The authorised announcing range is provided by ProSe Function per PLMN but the details are still FFS including the relationship to the Range Class (it’s stated in [8] that “Editor's note: The description of the authorised announcing range will need to be updated once 3GPP TSG RAN2 TS is available and contains the relevant parameter description”). If the authorised announcing range can be interpreted as a UE’s interest for “longer range” discovery, the eNB may determine which UEs should be configured for D2DSS according to the authorised announcing range. In other words, the UE which is only interested in “shorter range” of discovery (e.g. non-Inter site distance (ISD)) may not need to be configured with D2DSS transmissions. 
Proposal 3:
RAN2 discuss whether the authorised announcing range can be also used to determine which UEs need to be configured with D2DSS transmission.
In above discussion, it’s assumed that D2DSS reception is configured to all UEs. The drawback with this assumption is the increased UE complexity and power consumption if the UE has to always monitor D2DSS e.g., requirement for high speed switching between Tx and Rx in the transceiver. So, it’s preferred that the reception of D2DSS is configured only to the UE as needed. It may be further considered if the authorised announcing range is also defined for discovery “monitoring”, and if so, it may be useful to determine which UEs should be configured with D2DSS reception. 
Proposal 4:
RAN2 should discuss whether all UEs should always monitor D2DSS. 

3. Conclusion 
In this paper, the remaining issues on how to handle the synchronization between UEs for inter-cell discovery under asynchronous deployment are discussed and three options are provided. The potential issues in two of the three options and possible solutions with the authorised announcing range are provided.. RAN2 is kindly asked to take into account the observation and proposals below. 
Proposal 1:
For inter-cell discovery under the asynchronous deployment scenario, the network should have the option to use either timing offset (Option A) or D2DSS (Option C) to allow the UE to synchronize with discovery resources from the neighbouring cell.
Confirmation 1:
If the serving cell provides the timing offset to the UEs, a common timing offset is applicable to all UEs for the concerned cell. 

Observation 1:
Under dense cellular deployments with complex neighbour relations, significant efforts are required of the OAM to support the provisioning of timing offsets. 

Proposal 2:
RAN2 should not assume that all UEs are configured with D2D transmission of PD2DSS and SD2DSS. 

Proposal 3:
RAN2 discuss whether the authorised announcing range can be also used to determine which UEs need to be configured with D2DSS transmission.
Proposal 4:
RAN2 should discuss whether all UEs should always monitor D2DSS. 
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