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1 Introduction

At the RAN1 #74 meeting, the following was agreed regarding support of inter-cell D2D discovery [1]:
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 
· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS
In this contribution, we present our views on the remaining aspects of inter-cell D2D discovery from resource allocation and synchronization perspectives.
2 Resource allocation for inter-cell D2D discovery

In this section, we discuss resource allocation for support of inter-cell D2D discovery for synchronous and asynchronous network deployments.

2.1 Synchronous network deployments

For synchronous (TDD and FDD) deployments, the configuration of the D2D Discovery Zones (DZs) should be network-common, i.e., all the D2D DZs should be aligned in time. This can be achieved via limited coordination between eNBs over the backhaul. One option to realize this could be to follow inter-eNB implementations similar to that for MBMS support, for instance, using backhaul-based synchronization or GPS. Further, the requirements on tight time-synchronization can be relaxed by considering extended cyclic prefix (CP) for the D2D discovery zones for deployments with large inter-site distance (ISD).
Proposal 1: For synchronous LTE deployments, the D2D Discovery Zones should be configured in a network-common manner.

2.2 Asynchronous network deployments

For asynchronous deployments, D2D DZ configurations can be of cell-specific nature. Here, asynchronous deployments refer to those deployments wherein the time offset between two eNBs can be higher than a fraction of the CP length. Given that there are no requirements specified for inter-eNB time synchronization for FDD deployments, solutions for the support inter-cell discovery that are robust to large inter-eNB time offsets (e.g., frame level) should be developed. Consequently, it is highly desirable to avoid overlap of D2D DZs configured by neighboring cells in order to avoid asynchronous interference within the D2D DZ as it is very difficult to mitigate asynchronous interference. Although, due to the unbounded nature of potential time offsets between different cells in FDD systems, it may not be possible to always guarantee zero-overlap of D2D DZs, a certain level of coarse inter-eNB coordination would be necessary to minimize overlapped D2D DZs between asynchronous cells. In practice, avoiding overlaps of D2D DZs of different cells should be possible with a very coarse inter-eNB time resolution (up to multiple radio frames). 

To support inter-cell D2D discovery ProSe-enabled UEs would at least need the following information:

1. Reference time and frequency synchronization source

2. Configurations of D2D DZ of neighboring cells

Details on the possible options to make the above information available to UEs for the support of inter-cell discovery are presented in Section 3.
Proposal 2: For asynchronous LTE deployments, the D2D Discovery Zones should be configured so as to minimize the probability of any overlap of the D2D DZs of neighboring cells to avoid asynchronous interference. 

A critical challenge that needs to be addressed for the case of asynchronous deployments with non-overlapped D2D DZs is the handling of inter-cell UL WAN and D2D discovery interference. Various options and their combinations can be considered to handle this issue and should be studied further by RAN1 WG with the aim of achieving the optimal tradeoff between robustness of the solution, effective interference management, UE power consumption, and overhead to UL WAN. These may include: 

1. scheduling restrictions and careful power control for PUSCH transmissions, 

2. incorporating maximum transmit power limitations for D2D discovery transmissions which can be conveyed as part of the D2D DZ configuration signaling, 

3. further partitioning of D2D DZs of each cell such that discovery resources within one partition of the D2D DZ can be used for transmission of discovery messages by ProSe-enabled UEs close to the cell-center. Scheduling restrictions for neighboring cells with UL WAN traffic may be relaxed for the physical resources corresponding to this partition.

Note that, in general, to handle the inter-cell interference between D2D discovery transmissions and UL WAN transmissions, some form of inter-eNB coordination would be necessary.

Proposal 3: Effective handling of inter-cell interference between D2D discovery and UL WAN transmissions should be carefully studied by RAN1 WG for the support of D2D discovery in asynchronous networks.
3 Synchronization reference for inter-cell D2D discovery
As mentioned in Section 2, in order to support inter-cell D2D discovery, D2D UEs would at least need knowledge of the time and frequency reference and the configuration of the D2D DZs of the neighboring cells for discovery signal reception. In this section, we describe various options to achieve this. 
3.1 Synchronous network deployments

Recall that, for synchronous (TDD and FDD) deployments, it is proposed that the configuration of the D2D DZs should be network-common, i.e., all the D2D DZs should be aligned in time.
For D2D discovery operations in synchronous deployments, if UEs follow DL timing of the serving cell, then additional synchronization mechanism would not be necessary to ensure synchronization within CP length. Detailed analysis of time and frequency offset impacts were presented in [2]. 
Proposal 4: For synchronous LTE deployments, ProSe-enabled UEs use DL timing of the serving cell as their synchronization reference for transmission and reception, i.e. T1 = DL serving cell reference time.
3.2 Asynchronous network deployments

Next, we describe in detail certain options for synchronization for inter-cell discovery in asynchronous networks.
3.2.1 Acquisition of neighbour cell D2D DZ configuration for inter-cell discovery

The configuration of D2D DZ of neighboring cells can be signaled by the serving cell to associated ProSe-enabled UEs. Alternatively, this information may be obtained by ProSe-enabled UEs directly from neighbor cells’ SIB transmissions using assistance information from serving cell about the relevant SIB transmitted by the neighboring cells. Note that the neighbor cell list for support of inter-cell D2D discovery in asynchronous deployments may be different from the neighbor cell list maintained for RRM purposes.

The discovery announcement signals (described below) may carry both types of information, i.e., transmit information on configuration of the serving cell’s D2D DZ in addition to relaying of serving cell reference time.
3.2.2 Options for synchronization for inter-cell discovery

Option 1: Direct acquisition of PSS/SSS of neighboring cells

For inter-cell discovery, ProSe-enabled UEs can directly derive the DL timing information from the PSS/SSS transmissions of neighbor cells. Note that this operation is already supported as it is necessary to support RRM measurements for cells in neighbor cell list for mobility management purposes. 
Similar to the acquisition of reference time, ProSe-enabled UEs can use detected PSS/SSS transmissions from neighboring cells to achieve frequency synchronization with the neighboring cell. Note that the gap between D2D DZs configured by different cells can help in this regard by easy accommodation of the PLL settling time as the UE switches its frequency synchronization reference from one cell to another.
Option 2: Using PRS subframes of neighbor cells

However, it may not be possible for all UEs to directly acquire the PSS/SSS transmitted by neighboring cells due to near-far effect (a wideband SINR of -6dB is necessary for successful detection of PSS/SSS). Note that muting of central-6 PRBs by serving cell to facilitate acquisition of PSS/SSS of neighboring cell as proposed in [3] may not always be feasible for asynchronous deployments as such solutions rely on the underlying assumption of knowledge of timing offset between neighboring cells at least at the subframe-granularity. 

In this regard, a more suitable alternative could be to use Positioning Reference Signals (PRS) that are configured with larger reuse of 6. However, availability of PRS subframes may not be guaranteed depending on network implementation. 
Option 3: Using discovery announcement signals transmitted by UEs in neighboring cells

Yet another option could be to rely on UE-relayed synchronization and D2D configuration information for support of inter-cell discovery. According to this option, certain UEs forward discovery announcement signals that may at least include the transmission timing of their serving cell such that UEs in proximity and belonging to other cells can use this “two-hop” synchronization reference to obtain the time and frequency synchronization of the neighboring cell for reception of inter-cell discovery signals. 
3.2.3 Signal design and location of discovery announcement signals
The discovery announcement signals can be designed to use the D2D synchronization signal (D2DSS) physical structure for relaying of synchronization information. If information on configuration of the D2D DZ is also to be relayed via the discovery announcement signals, then this can be achieved by appropriate modification to the Physical D2D Synchronization Channel (PD2DSCH) to only include the configuration information for the serving cell’s D2D DZ so that D2D UEs in neighboring cells can obtain this information to receive D2D discovery transmissions on these resources.
The discovery announcement signals may be located right before/at the start of the D2D DZ. However, additional transmission of relayed synchronization signals may be necessary as receiving UEs may not be able to acquire the time/frequency synchronization if the relayed synchronization signals are transmitted only as part of the discovery announcement signals right before the D2D DZ of the corresponding cell (D2D DZs may be configured with a periodicity of multiple seconds, e.g., every 10s). This leads to two challenges: 
1. Increased power consumption for the UEs that forward their serving cell’s D2D DZ configuration and time/frequency synchronization information periodically, compared to a “one-shot” discovery announcement signal transmission;

2. Resource allocation for transmission of the relayed synchronization signals.

For the first challenge above, the increase in power consumption can be minimized if for instance, information on the coarse timing offset between serving and neighboring cells is signaled to the associated UEs by their respective serving cells such that the discovery announcement signals themselves may be sufficient for UEs to acquire synchronization for inter-cell discovery operations.
While the discovery announcement signal may immediately precede the D2D DZ of the corresponding cell, the network would need to assign resources to the select UEs for forwarding of the synchronization information that (as described above) may be necessary to be transmitted more frequently than the occurrence of D2D DZs. As for the case of configuration of D2D DZs for non-synchronized neighboring cells, overlap of the transmissions of forwarded synchronization information from the UEs belonging to different cells should be avoided. 
Note that it is beneficial for all selected UEs belonging to a particular cell to transmit their forwarded synchronization signals on the same physical resources to realize benefits from SFN gains at the cost of increase in the effective delay spread. In this regard, the optimal tradeoff between the SFN gain and the increased delay spread that may be achieved by an appropriate UE selection mechanism should be investigated by RAN1 WG. 

One resource allocation option for transmission of relayed synchronization signals could be to reserve resources within the cell-specific D2D DZ, thereby naturally avoiding overlap of resources used by relaying UEs belonging to different neighboring cells if their corresponding D2D DZs do not overlap. Specifically, time-frequency resources may be reserved for this purpose on every Kth subframe (called the synchronization relaying subframe) within the D2D DZ. 

Since the synchronization signals would most likely be occupied in certain number of PRBs, the unused PRB-pairs of these synchronization relaying subframes may be used for transmission of discovery signals as usual. However, care must be taken to provide sufficient protection to the synchronization signal transmissions from impact from in-band emissions. Such protection to the relayed synchronization signals may be realized by limiting the maximum transmit power for discovery signal transmission on synchronization relaying subframes.
In general, it may be beneficial to only have some selected UEs relay this information to minimize impact on UE power consumption (Challenge #1 above). The means of selection of such UEs can be achieved in different ways and need further study. 

In addition to the synchronization relaying subframes being interspersed within the D2D DZ, the serving cell may configure additional subframes occurring in between two D2D DZs as synchronization relaying subframes to facilitate faster and more reliable acquisition of neighbor cells’ time/frequency reference. For both types of synchronization relaying subframes, the actual synchronization signals transmitted by the UEs may be configured according to a cell-specific offset in the frequency dimension. Such cell-specific mapping in the frequency dimension may be beneficial for synchronization relaying subframes that occur in between two D2D DZs to avoid overlap of synchronization signals transmitted by UEs belonging to different neighboring cells.
As is clear from the above description, the UE-relaying option involves various aspects that should be studied carefully for consideration as a supplementary mechanism to UEs directly acquiring required information from the neighboring cell with/without serving cell assistance.
Finally note that while UEs may synchronize to neighboring cell’s reference time for reception of inter-cell discovery, they may only transmit discovery signals within the D2D DZ configured by the serving cell and use the serving cell reference time as transmit time reference (T1) in order to avoid asynchronous interference within the cell. 

Proposal 5a: For inter-cell discovery in asynchronous LTE deployments, ProSe-enabled UEs derive the timing of the neighboring cell for reception of discovery signals either:

i.  by directly acquiring the PSS/SSS transmissions from the neighboring cell,
ii. by using PRS subframes of neighboring cells when available,

iii. by receiving UE-relayed synchronization signals carried as part of discovery announcement signals by certain UEs in the neighboring cell.
The decision of whether to support all three mechanisms or perform a down-selection from the above is FFS.
Proposal 5b: For asynchronous LTE deployments, the configuration of D2D Discovery Zones of neighboring cells can either be:

i. signaled by the serving cell;

ii. directly acquired by the ProSe-enabled UEs using assistance information from the serving cell about the relevant SIB transmitted by the neighboring cell;

iii. carried as part of discovery announcement signal transmitted by certain UEs in the neighboring cell.
The decision of whether to support all three mechanisms or perform a down-selection from the above is FFS.
Proposal 6: For asynchronous LTE deployments, while UEs can derive synchronization based on timing of neighboring cells for reception of inter-cell discovery signals, they may only transmit discovery signals within the D2D DZs configured by the respective serving cell using the serving cell DL reference time, i.e., T1 = DL serving cell reference time.
4 Conclusion
In this contribution, we presented our views on support of inter-cell D2D discovery considering resource allocation and synchronization perspectives. Based on the discussions presented in this contribution, our proposals are summarized below:
Proposal 1: For synchronous LTE deployments, the D2D Discovery Zones should be configured in a network-common manner.

Proposal 2: For asynchronous LTE deployments, the D2D Discovery Zones should be configured so as to minimize the probability of any overlap of the D2D DZs of neighboring cells to avoid asynchronous interference. 

Proposal 3: Effective handling of inter-cell interference between D2D discovery and UL WAN transmissions should be carefully studied by RAN1 WG for the support of D2D discovery in asynchronous networks.

Proposal 4: For synchronous LTE deployments, ProSe-enabled UEs use DL timing of the serving cell as their synchronization reference for transmission and reception, i.e. T1 = DL serving cell reference time.
Proposal 5a: For inter-cell discovery in asynchronous LTE deployments, ProSe-enabled UEs derive the timing of the neighboring cell for reception of discovery signals either:

i.  by directly acquiring the PSS/SSS transmissions from the neighboring cell,

ii. by using PRS subframes of neighboring cells when available,

iii. by receiving UE-relayed synchronization signals carried as part of discovery announcement signals by certain UEs in the neighboring cell.
The decision of whether to support all three mechanisms or perform a down-selection from the above is FFS.
Proposal 5b: For asynchronous LTE deployments, the configuration of D2D Discovery Zones of neighboring cells can either be:

i. signaled by the serving cell;

ii. directly acquired by the ProSe-enabled UEs using assistance information from the serving cell about the relevant SIB transmitted by the neighboring cell;
iii. carried as part of discovery announcement signal transmitted by certain UEs in the neighboring cell.
The decision of whether to support all three mechanisms or perform a down-selection from the above is FFS.
Proposal 6: For asynchronous LTE deployments, while UEs can derive synchronization based on timing of neighboring cells for reception of inter-cell discovery signals, they may only transmit discovery signals within the D2D DZs configured by the respective serving cell using the serving cell DL reference time, i.e., T1 = DL serving cell reference time.
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