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1
Introduction
How to support LTE device to device for proximity service has been discussed for several meetings in RAN1 since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are discovery and communication. Furthermore, as agreed already within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· Partial network coverage.

It has been agreed that out of network coverage and partial network coverage are related to only the public safety use case. Furthermore, it was agreed in RAN#61meeting to focus on broadcast type E-UTRA communication in the out of coverage scenario with the highest priority. Since broadcast by definition does not assume knowledge of recipient’s proximity, D2D discovery is not a part of a broadcast procedure. Therefore, our focus in this document is on the D2D discovery in the presence of network coverage. Where relevant, we consider as well the suitability of design alternatives for the case of out of network coverage. 
Some working assumptions were reached in RAN1 #74b for resource allocation on proximity discovery of UEs :

· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs

· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 

· All individual discovery message transmission resources are the same size

· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery 

In section 2, we discuss resource allocation; in section 3, we discuss different options of inter-cell discovery in synchronized and asynchronous networks and their consequences on UE power consumption.
2
D2D discovery resources 
2.1 Resource allocation for discovery
When considering resource allocation methods for connected mode UEs and idle mode UEs, it must be acknowledged that connected mode UEs are known by eNB at cell level while eNB cannot track idle mode UEs location, which may lead to different preferred resource allocation methods for connected mode UEs and idle mode UEs. Then we see two alternatives for resource allocation based on who decides the resource allocation.
Alt-1: UE specific resource allocation based on eNB decisions 
In this case eNB configures or re-configures the allocated D2D resources according to e.g. radio resource conditions. For example, D2D UEs which are far away from each other can be configured to re-use the same radio resources in order to increase the spectral efficiency. Meanwhile, eNB configures orthogonal resource for nearby D2D UEs. This kind of operation requires that eNB knows either the radio channels between UEs or their geographical location with reasonable accuracy, most likely with the assistance of D2D UEs. The potential impacts and technical feasibility of this type of operation would require further studies. This alternative mainly intends for connected mode UEs. 
Alt-2:  Based on UE decisions within a common resource pool
For this alternative, a common resource pool is assigned for discovery UEs. Then all D2D active UEs can self-select the resource within the resource pool, and this is applicable for both connected mode UEs and idle mode UEs.  We see there could be further options on how UEs can self-select its resource within the resource pool as discussed below. 
Opt-1: Random selection
For this option, UE can randomly select its resource for discovery signal transmission. This kind of random selection is the simplest possible method and helpful for having equal discovery probability for idle mode UEs. However, the benefit of spatial reuse is not utilized in any way for reducing the interference. 
Opt-2: Resource sensing based selection   
For this option, UE is requested to sense the utilization of discovery resources before choosing the resource for transmission of its own discovery signal. The criteria for selection of resources are FFS. 
On discussing all above options for connected mode and idle mode UEs, it is recognized that UE specific resource allocation is not available for idle mode UEs, while resource selection based on UE decision is common for both connected mode and idle mode UE. Given that in RAN2-83b, it is agreed that idle mode UEs should be able to send/receive discovery signals, at least discovery resource allocation based on UE decision should be supported. 
Proposal 1: 
· Discovery resource allocation based on UE decision within a common resource pool should be supported. 
· Potential mechanisms to minimize contention among discovery beacons are FFS.
2.2 D2D discovery Tx/Rx opportunities
It is agreed that D2D UEs work in a half-duplex manner, i.e. a device transmitting its discovery signals is not able to detect discovery signals from other UEs at the same time. Therefore, if D2D resource is allocated by eNB in a UE specific manner, the deterministic Tx/Rx pattern is decided accordingly. 
In [2], it is proposed that FDM should be allowed to multiplex D2D signals. With FDM of beacon signals, it is in principle possible that some D2D UEs may not be able to discover each other if their Tx/Rx are colliding systematically. The simplest scheme to achieve on average similar discovery opportunities for every UE active in D2D discovery is to have random Tx/Rx patterns. This would be particularly relevant for common resource pool type of allocation, where UEs are selecting the specific resources for their beacon transmissions. Even in that case it would be possible to coordinate the Tx/Rx patterns in time domain, leaving the UE selection on beacon resources for the frequency-domain only. However, such type of coordination is mostly relevant for use cases where it is required to provide a guaranteed maximum time for discovery among a certain group of UEs, but it is not required for general use case. Moreover, such coordination would not be available for idle-mode UEs, for the same reasons outlined in Section 2.1 when discussing resource allocation. 
Observation 1: The simplest scheme to achieve on average similar discovery opportunities for every UE active in D2D discovery is to have random Tx/Rx patterns. This would be particularly relevant for common resource pool type of allocation, where UEs are selecting the specific resources for their beacon transmissions.

Observation 2: Coordination of Tx/Rx opportunities are mostly relevant to the use cases where it is required to provide a guaranteed maximum time for discovery among a certain group of UEs, but it is not required for general use case.

In case deterministic Tx/Rx patterns are used in conjunction with FDM, eNB should configure the Tx/Rx patterns such that not all transmission opportunities of UEs multiplexed in frequency domain are overlapping, or else the Tx/Rx patterns have to be changed rather dynamically in order to avoid systematic collisions for a long period of time. Alternatively, the UEs may skip some of the assigned Tx opportunities and use those to receive beacons from other UEs instead. It is FFS the amount of transmission opportunities that could be skipped by the UE, if any. 
Given the reasons discussed above, we have the following proposal:
Proposal 2:  Random Tx/Rx discovery pattern should be supported for D2D discovery based on common resource pool. 
3         Inter-cell Discovery
As explained in the beginning of Section 3.1, we assume that the discovery resources in a cell are reserved semi-statically and the reservation is signalled to the UEs participating in D2D discovery. In order to discover other UEs in the same cell, a UE, e.g. in DRX mode, would know, based on system information, when to wake up for the search, which would minimize the battery power consumed for discovery. Similar knowledge of the timing of the discovery resources in the neighbouring cells would be beneficial for efficient search with minimized battery power consumption. 

A few methods are available for UEs to know the timing of the discovery resources in the neighbouring cells. The simplest way from UE point of view is that network signals the timing information on the resources in the neighbouring cells. This is naturally straightforward within a precisely synchronized network (e.g. when network synchronization is obtained from GPS) but could be applied also if the synchronization is less accurate (e.g. synchronization is based on network time protocol or precision time protocol). To cover different network synchronization alternatives, the information on the timing of other cells’ discovery signal resources may include also the accuracy of the information. If only rough timing of the resources is available, it would be beneficial if discovery resource pool consisted of groups of resources within a number of subframes, the groups being separated by a number of radio frames. Then, if the separation between the resource groups were longer than the timing uncertainty, there would be time periods that would be known by the UEs to be idle of any discovery signal transmissions and UEs would not need to do any discovery signal searches on those periods. The accuracy, compared with the time separation of the resource groups, would determine the search effort and related energy saving achieved with the timing information. 
Observation 3: Grouping of discovery resources can mean savings in discovery signal search if the time separation between the groups is longer than the network synchronization accuracy.  
Although it could be that networks could typically be able to provide timing information with useful accuracy, such information might not be always available. Therefore, also other means than network signalled information may have to be considered. 

Another method is that UEs synchronize to the other cells and read the timing information for the discovery resources from the other cell’s system information. UEs may always try to use this method besides other methods but this can hardly be acceptable as the only solution, as it would mean for UE the decoding burden of multiple system information and would provide a too limited detection range as UEs could be able to detect discovery signals across cell borders even when they are not able to read the system information from the neighbouring cell. Some savings in searching could be obtained even without reading the system information just by detecting the frame timing if discovery resources appeared only in certain subframes of a frame. We consider all the methods that are based on neighbour cell’s DL signals only subsidiary.

Based on the above discussion, it seems that, in some situations, direct detection of UE signals is the only possible way of finding the discovery signal timing in other cells. In principle, the sequence + message structure agreed in RAN1would provide the potential on such direct detection because the sequences can be searched efficiently. After UE has detected one discovery signal from other cell, the search windows for other discovery signals in that cell can be limited, assuming discovery signals transmissions in one cell are aligned in some way in time and not happening at arbitrary timings. The opportunities for such limitation depend on the possible configuration of discovery signal resources, and it should be taken into account in the design, in case this approach is assumed for detection of discovery signals from neighbouring cells. An additional synchronization signal, transmitted separately from the actual discovery signals, could also be considered especially for the case of asynchronous networks. 
Proposal 3:
· Do not assume listening of neighbour cell’s system information as a pre-requisite for inter-cell discovery.

· Discuss on networks ability to provide accurate information on the discovery resource timings in other cells and, if discovery without proper timing information is needed, study further whether it can be based on the sequence parts of the signals without any additional timing synchronization signal transmitted by UEs.     

4         Conclusion

Our observations and proposals on the discovery signal resource allocation are:
Proposal 1: 

· Discovery resource allocation based on UE decision within a common resource pool should be supported. 

· Potential mechanisms to minimize contention among discovery beacons are FFS.
Observation 1: The simplest scheme to achieve on average similar discovery opportunities for every UE active in D2D discovery is to have random Tx/Rx patterns. This would be particularly relevant for common resource pool type of allocation, where UEs are selecting the specific resources for their beacon transmissions.

Observation 2: Coordination of Tx/Rx opportunities are mostly relevant to the use cases where it is required to provide a guaranteed maximum time for discovery among a certain group of UEs, but it is not required for general use case.
Proposal 2:  Random Tx/Rx discovery pattern should be supported for D2D discovery based on common resource pool.

Our observations and proposals concerning inter-cell discovery are: 
Observation 3: Grouping of discovery resources can mean savings in discovery signal search if the time separation between the groups is longer than the network synchronization accuracy.
Proposal 3:
· Do not assume listening of neighbour cell’s system information as a pre-requisite for inter-cell discovery
· Discuss on networks ability to provide accurate information on the discovery resource timings in other cells and, if discovery without proper timing information is needed, study further whether it can be based on the sequence parts of the signals without any additional timing synchronization signal transmitted by UEs.
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