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1
Introduction
Two types of discovery procedures have been defined in Ref. [1]: 
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis (for all UEs or a group of UEs)
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

Furthermore, for Type 1 discovery, RAN1 has been agreed [1], among some other things, that:

· Periodic uplink resources are allocated for discovery in a semi-static manner 
· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

RAN2 has agreed [1] that network is in the control of the discovery resources and also controls if RRC idle mode UEs may broadcast discovery signals.   

In this document we discuss the need of Type 1 and 2 resource allocations. We propose adopting Type 1 allocation with the simplest possible slotted Aloha system to begin with but discuss also possible future enhancements for this system and for utilizing Type 2 allocation.  We consider load control, introducing a method for instantaneous control of discovery resources by the network and a distributed load control system as an enhancement for the slotted Aloha based Type 1 allocation. Finally, we repeat our considerations on inter-cell discovery that were presented in Ref. [2]. 
2
Resource allocation 
2.1 Comparison of Type 1 and Type 2 resource allocations
Type 1 (non UE specific) resource allocation is necessary, if idle mode UEs are allowed to transmit discovery signals without registering as discovery signal transmitters for the camping eNB. Such idle mode UE participation to the discovery would be accordant with RAN2 agreements if network will have also the option to deny such participation. For out of network coverage, Type 1 is the preferred method because, for Type 2, a UE would need to be preconfigured with a resource or one of the UEs or a cluster head should allocate the resources, which is complex compared with just preconfiguring or configuring a common resource pool. 
Type 1 resource allocation can be implemented as a simple slotted Aloha system: Network broadcasts the information on the resources with parameters governing the resource use, like the maximum mean rate at which UE is allowed to transmit discovery signals, and a UE picks its resource performing random hopping in time and frequency (if resources are FDMed). More efficient resource use can be obtained with carrier sensing but that requires considerably more specification, implementation and testing. 
Type 2 (UE specific) resource allocation would require UEs to register as discovery signal transmitters and network to signal the UE specific resource. After receiving the resource, the UE could switch to the idle mode and perform discovery signal transmissions in this mode. The UE specific resource could be released based on expiry of a timer and UE would stop using the resource when changing the camping cell. A benefit of UE specific resources is that colliding discovery signal transmissions could be in principle completely avoided, which would guarantee a maximum time for UEs to detect each other’s proximity. 
When thinking the efficiency of resource use, Type 1 and 2 allocations compare like any contention based and scheduled allocations, Type 2 being more efficient because collisions can be avoided.  However, spatial reuse may typically have an important effect on the efficiency. With Type 1 allocation, the reuse is realized naturally even without carrier sensing as a resource selected by a UE may be a vacant resource for a distant UE. With Type 2, spatial reuse would require eNB to have information on the location of the UEs. While such information could be obtained from UE’s timing advance and signal’s direction of arrival estimation, it is not clear how large benefit from spatial reuse can be typically obtained without jeopardising the main benefit, collision-less transmissions, of Type 2 allocation.

Our conclusion from these considerations is that it could be reasonable to start by specifying Type 1 resource allocation with slotted Aloha system. More complex but potentially more resource efficient systems based on carrier sensing or Type 2 allocation might be considered further for later standard releases.

Proposal 1: Start by specifying Type 1 resource allocation with slotted Aloha. Leave potential enhancements by the introduction of carrier sensing based Type 1 allocation and Type 2 allocation for future standard releases.            
2.2  Resource pools and discovery channels
It has been agreed [1] that for Type 1 discovery, there is a pool of periodic, semi-statically allocated time frequency resources for discovery signal transmission. Such a resource pool would be reasonable also in case of Type 2 allocation, e.g. for UE discovering other UEs. For example a SIB would tell for all UEs where the resources are, and dedicated RRC signalling would be used for allocating a Type 2 resource from the pool for a specific UE. Some of the resources in the pool could be semi-statically or more dynamically indicated to be free for contention based (Type 1) access. Especially if Type 1 access would be based on carrier sensing or could be guaranteed to produce little load, there might not be need to separate Type 1 and 2 resources but (if sensing would be used with Type 1 access) UEs with contention based access would sense the Type 2 allocated resources busy and would not transmit on those.   
Proposal 2: For all type of resource allocations, a semi-static resource pool will be indicated in a SIB. Also Type 2 resources are allocated from the semi-static resource pool (if Type 2 allocation is to be supported).
If  Type 2B access or carrier sensing based Type 1 access will be specified, we will need to define sequences of time-frequency resources to be allocated for UEs (Type 2B) or for UEs to select (Type 1 with carrier sensing). Such resource sequences are obvious in case of Type 2B access and they are apparently needed also with carrier sensing as that makes sense only if sensing a resource being free (or occupied) should predict with fairly large probability that a certain resource will be free (or occupied) in the future.  A resource sequence should hop in time and frequency (if resources are FDMed), and UEs allocated for different resource sequences should have frequent possibilities to detect each other, i.e. the half-duplex assumption on discovery signal transmission and reception is taken into account when designing time hopping. 
The resource sequences are not needed for the simplest slotted Aloha based Type 1 allocation (i.e. without carrier sensing) because in that scheme UEs can simply choose with a certain probability to utilize a TX opportunity, selecting the frequency resource randomly. Such simple Type 1 allocation can be combined with Type 2 allocation by specifying signalling that indicates which resource sequences are free for contention based access. UEs with Type 1 allocation would then make the random resource selection only from the resources on the free sequences.

Proposal 3: If Type 2 or carrier sensing based Type 1 resource allocation needs to be specified, as a common solution consider specifying resource sequences with time and frequency hopping. Time hopping is designed so that UEs allocated on different resource sequences have frequent opportunities to detect each other despite of the half-duplex assumption. 

2.3  Load control
The network may adapt to the discovery needs by changing the semi-static allocation of the resource pool or the parameters that govern the use of contention based resources (e.g. TX probability).  If this control is done by changing the system information it may be too slow in situations where eNB needs to release discovery resources for cellular transmissions or when the discovery resources become overloaded. For faster control of the resources, L1 signalling with a new DCI could be introduced. The new DCI would be addressed with a D2D-RNTI and it could carry parameters like maximum transmission probability. All discovery signal transmitting UEs could be requested to read from PDCCH which of the semi-statically allocated resources are actually available for discovery operation. One DCI element could carry this kind of information for multiple subframes with semi-statically allocated discovery resources, as depicted in Figure 1.
Proposal 4: Consider PDCCH signalling for rapid permission control of semi-statically allocated discovery resources.
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Figure 1. Fast control of permission to use the discovery resources.

With Type 1 resource allocation there is the problem that eNB may not have a good idea on the load on discovery resources. This is especially true if UEs are not requested to register for discovery signal transmission as then the eNB is not aware of the number of discoverable UEs. But even with registering discovery resources may become locally overloaded in a part of the cell even if the number of registered UEs within the cell would indicate a low average load. Assuming that the eNB may not hear all the discovery signals or cannot at least locate their sources, the eNB will be unaware of local overload situations. A solution could be that UEs would report on congestion of resources to eNB that could then limit the rate at which a single UE is allowed to send discovery signals (i.e. increase the number of logical resources) or eNB could adjust the number of physical resources.  
For slotted Aloha based Type 1 resource allocation, a distributed load control system similar to the one in Ref. [3] could be a solution. In that method UEs adapt their transmission probability/rate according to the load they observe, and fairness is reached when UEs broadcast information on their resource use (transmission probability) so that all UEs can tune their transmission probabilities towards the mean of the received probability values. Some modifications would likely be needed to the basic algorithm of Ref. [3] in order to take into account that the discovery needs of UEs could be different. The load detection would probably be simplest by observing the number of unused resources but this is an issue for further studies. The distributed load control would be a simple way of tuning the load locally to correspond to the maximum capacity of a slotted Aloha system or some lower load value if seen more appropriate for proximity discovery. It is anticipated that just a few bits would be needed for broadcasting the transmission probability value in a discovery message.

Proposal 5: Study the need and implementation of a distributed load control system for slotted Aloha Type 1 access. 
On the other hand, with Type-1 resource allocation, connected mode UEs may encounter a conflict between cellular and discovery signal transmissions because RAN1 has agreed that there is no simultaneous D2D and cellular data transmission from a UE perspective. For example, when a UE is heavily scheduled for DL transmission, this UE will consequently send A/N on PUCCH so frequently that it may not find sufficient TX opportunities to transmit discovery signals, if the D2D discovery is set to higher priority. This would not harm the cellular operation but the discovery operation cannot be guaranteed.
Setting in contrast the D2D discovery signal transmission with higher priority than cellular transmission is not a solution as with Type-1 resource allocation, eNB cannot predict in which UL SF UE will send D2D discovery signal. If D2D discovery signal were set with higher priority, eNB would have to assume that any PUCCH in the SF where Type-1 resource may be allocated could be unavailable, which would affect cellular services from two aspects: (1) there would be DL retransmissions of data for which UEs were not able to send A/N and (2) UEs are not able to send CQI information in the normal way. Such an influence for cellular communication will not be acceptable at least for discovery in the commercial use case. 
One simple solution in-between these two extremes is that eNB can schedule DL data in a smart way by taking into account discovery signal transmission needs which shall be reported by corresponding connected mode UEs.     

Proposal 6: Study the issue on the conflict between cellular PUCCH and discovery transmission for Type-1 resource allocation.
3         Inter-cell Discovery
As discussed in Section 2.2, all the discovery resources in a cell could be reserved semi-statically and the UEs participating in D2D discovery could read the information about the resources from the system information. In order to discover other UEs in the same cell, a UE, e.g. in DRX mode, would know 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 1: 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 7:
· 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

We have discussed resource allocation for D2D discovery signals making the following proposals and observations:
Proposal 1: Start by specifying Type 1 resource allocation with slotted Aloha. Leave potential enhancements by the introduction of carrier sensing based Type 1 allocation and Type 2 allocation for future standard releases.
Proposal 2: For all type of resource allocations, a semi-static resource pool will be indicated in a SIB. Also Type 2 resources are allocated from the semi-static resource pool (if Type 2 allocation is to be supported).
Proposal 3: If Type 2 or carrier sensing based Type 1 resource allocation needs to be specified, as a common solution consider specifying resource sequences with time and frequency hopping. Time hopping is designed so that UEs allocated on different resource sequences have frequent opportunities to detect each other despite of the half-duplex assumption.

Proposal 4: Consider PDCCH signalling for rapid permission control of semi-statically allocated discovery resources.
Proposal 5: Study the need and implementation of a distributed load control system for slotted Aloha Type 1 access. 
Proposal 6: Study the issue on the conflict between cellular PUCCH and discovery transmission for Type-1 resource allocation

In terms of inter-cell discovery operation the following has been discussed:

Observation: 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 7:
· 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.      
References

[1] 3GPP TR 36.843 v1.0.0 (2013-11), R1-135998_QC_TR.
[2] R1-135594, Resource allocation and inter-cell discovery, Nokia and NSN.
[3] Mario Gerla , Leonard Kleinrock,  “Closed loop stability controls for S-Aloha satellite communications” ,  Proceeding SIGCOMM ’77 Proceedings of the 5th symposium on Data communications, pages 2.10~2.19

Nokia Internal Use Only
Nokia Internal Use Only

