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1	Introduction
[bookmark: _GoBack]In this paper we address the definition of coverage and the conditions for communication resource allocation modes and resource pool selection. We also address the problem of congestion and overloaded resource pools and possible ways to alleviate such issues. 
2	Discussion
2.1 	Definition of coverage
The following FFS was noted in RAN1:
· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage
· For example, definition of coverage areas is at least based on DL received power

According to the current specifications, in-coverage and out-of –coverage are can be characterised by whether the UE is camped on a cell or not (i.e. the suitability criteria broadcast in system information and specified in 36.304 is met). The network should take into account both uplink and downlink coverage when setting these values – in other words, if the suitability criteria are met, then under normal conditions the UE will be able to communicate in both uplink and downlink. In other words, the definition of coverage is already based on DL received power and there should be no need to further change this, since this will anyway be inconsistent with the current meaning of coverage.

The following fairly obvious agreement was made in RAN2:
·  In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication. 

It is our opinion, that the most important criteria for selection of mode 1 operation is in fact whether or not the UE has an RRC Connection because clearly mode 1 cannot be used without that. 
This would mean that the previous term “edge-of-coverage” simply means that UE is in-coverage (suitability criteria is met), but UE is either Idle or is RRC Connected and some condition is met. 
Proposal 1: Coverage definition is based only on cell suitability criteria. 
Clearly and as already agreed, mode 2 must always be used out of coverage and mode 1 can only be used when the UE has an RRC Connection. Therefore the main criteria for mode 1 should be whether the UE has an RRC Connection. 
Proposal 2: RRC Connected is the main condition for use of mode 1 resource allocation. 



2.2 D2D resource mode selection and resource pool “size”?
With the above straightforward decisions, we need to discuss when mode 2 can be used in the other cases.
- Can mode 2 be used while RRC Connected? 
- Can mode 2 be used when in-coverage and in idle mode?
Of course, the operator should first configure either in system information or in dedicated signalling whether mode 1 and/or mode 2 are enabled. Assuming both modes are enabled then the UE should use mode 1 if in-coverage. UE should trigger an RRC Connection in order to be able to operate in mode 1. 
Proposal 3: An in-coverage UE in idle mode should trigger RRC Connection Establishment so that mode 1 can be used, if D2D transmission is needed.
The above behaviour is quite suitable for the commercial UE case. However for public safety UEs this requirement is unsuitable as it seems not to satisfy the basic requirement that the public safety UE should be able to communicate using D2D while in coverage. In case of an emergency, it becomes more likely that there will be a NW failure of some description, such as overload, congestion on RACH, etc. Therefore there should be some mechanism to allow public safety devices to operate in mode 2, even when in-coverage. The mechanism should allow for mode 2 operation in case of at least RRC Connection Establishment failure, RRC Connection Reject, RLF, and timeout while in connected mode after a D2D resource is requested. 
Proposal 4: A UE detecting failure with the RRC Connection should switch to using mode 2, the failure conditions being:
· RRC Connection Establishment failure (including RRC Connection Reject).
· Radio Link Failure.
· No response from mode 1 resource request.
On the other hand, there might be situations where the UE does not find any available resources in the resource pool for mode 2 operation. This implies that the size of the resource pool might have to be changeable in some way – for example system information is updated to increase the resource pool size when there are a large number of UEs. 
In resource allocation mode 1 (as described above) this is already secured by the scheduling method controlled by the eNB. However for mode 2 operation where a pre-allocated/semi-static resource pool is reserved, the operator`s challenge is to know how to best define the size of this resource pool in order to provide enough resources to satisfy D2D communication needs
The question is how the eNB knows if the resource pool for mode 2 operation is full or not? Some possible options are given below.
Option 1: A UE attempting transmission and finding that there are no available resources in the mode 2 resource pool, indicates this to the eNB, e.g. during RRC Connection Establishment. 
Option 2: Any UE monitoring resources for D2D reception monitors the resource block and reports the utilization level of the resource block. In this mode the eNB has good data to change and optimize the pool size. This could be done using traditional measurement control/report for UEs in RRC Connected and allows the NW to also know when the resource pool is under-utilised as well as when there are not enough reserved resources. 
Option 3: eNB monitors the radio traffic in the resource blocks and can take action to the changes to its size.
· One potential issue could be that the eNB might not “hear” the traffic if the two devices are close to the cell edge and close to each other since in this case their power control algorithm might tell the UE to use very low output power. 
· This option avoids extra control signalling traffic, but it might miss some congestion situations which some UEs may be able to detect, which could be very bad for the public safety devices.
A combination of the above methods may be implemented in order to achieve the best knowledge at the NW – for example mode 1 combined with mode 3.
Proposal 5: Somehow the eNB needs to know or get informed about the utilization of the resource pool.
2.3 D2D Resource pool access restrictions
Another way for the eNB to handle a congestion situation is to apply some access restriction methods. 
The 3GPP Release 12 work item is intended to address public safety only. In future releases D2D scope will extend also to commercial devices. When multiple types of UE are able to communicate via D2D then it needs to be ensured that the high priority devices (public safety devices) are able to operate even in high load scenarios and/or high interference scenarios. For the cellular network, it is possible to control the load by barring different classes of UE (access class barring) or providing a probability of access. For D2D no such discussion has taken place, since the immediate priority is to define D2D communication for public safety only.  
For at least resource pools in mode 2 operation, it is possible that too many UEs in the cell will cause congestion. Particularly in mode 2, this could prevent public safety UEs from gaining access to a resource if a single resource pool is provided for all UEs. It is also possible that mode 1 can be congested.
So some form of access control would also be needed for D2D resources. The problem can be addressed by providing a simple indication for each resource pool, which types of UEs are allowed access to the resource pool. We could also potentially think about re-using access class barring applied to resource pools.
Proposal 6: Confirm that Rel-12 D2D resources can only be used by public safety devices. In future releases support for allowing and controlling access to these resources for commercial devices can be added. 
2.4 	Relation between resource pools and resource allocation modes
As mentioned above, it has already been agreed in RAN2 that a receiving UE needs to know a scheduling assignment resource pool that includes all of the possible resources that may be used, regardless of the coverage or mode used by the transmitting UE. This means that a potential receiver UE needs to know
· Resources that may be allocated by eNB to an in-coverage transmitting UE
· Resources that may be allocated by an out of coverage UE (regardless of whether those are predefined, or semi-static)
· Resources that may be allocated by any other UE (mode 2 in-coverage)
The potential receiver UE needs to know this pool of resources also regardless of its own coverage. Therefore the only possible way to cover all cases is for this reception resource pool (or overall resource pool) to be predefined, so that the UE can know this even if it has not been in the coverage of an eNB allocating semi-static or specific resources.
Proposal 7: In Rel-12 the D2D reception resource pool should be static and predefined (i.e. fixed in the specification) and should be common for in-coverage, out-of-coverage, and partial-coverage scenarios.
This also implies that the resource pools for UEs in-coverage or out-of-coverage, even though consisting of different sets of resources; need to be a subset of the reception resource pool. UEs in-coverage operating in mode 2 and “edge-of-coverage” are equivalent definitions and we see no special reason to define separate resource pools for these UEs compared to out-of-coverage UEs. The only reason we see that there may need to be separate resource pools for mode 2 UEs which are in or out of coverage is if there a different synchronisation source – i.e. an SS originating from an eNB vs. an SS originating from a (out-of-coverage) UE. In this case it makes sense to have separate resource pools since the timing and potentially frequency synchronisation may cause conflicts.
Proposal 7a: Out-of-coverage resource pool must be a subset of the reception resource pool.
Proposal 7b: The eNB may semi-statically allocate an out-of-coverage resource pool which includes resources which are part of the pre-defined resource pool, but cannot include resources which are not in the pre-defined resource pool (i.e. eNB can restrict the resources used for out of coverage)
Proposal 7c: UEs which are operating mode 2 while in-coverage use the out-of-coverage resource pool.
Proposal 7d: Out-of-coverage resource pool is divided into 2 subsets and the UE selects one of these subsets depending on where its synchronisation source originates (eNB or UE). 
Proposal 7e: In-coverage mode 1 resources must be individually allocated to a UE from the remaining reception resources.
The arrangement of resource pools by the NW planning, and selection of different pools based on the coverage of the transmitting UE does not guarantee that an in-coverage receiving UE can receive the D2D transmission from an out of coverage transmitting UE unless the eNB always reserved the entire out-of-coverage resource pool (both subsets). Assuming that this is not practical from a resource usage point of view, it should also be possible for an in-coverage UE to report to the eNB that D2D communication (and hence potential interference) has been detected.
Proposal 8: In coverage UE should be able to report D2D resource usage detected within out of coverage resource pool to the eNB.
3	Conclusion
Proposed agreements: 
1: Coverage definition is based only on cell suitability criteria. 
2: RRC Connected is the main condition for use of mode 1 resource allocation. 
3: An in-coverage UE in idle mode should trigger RRC Connection Establishment so that mode 1 can be used, if D2D transmission is needed.
4: A UE detecting failure with the RRC Connection should switch to using mode 2, the failure conditions being:
· RRC Connection Establishment failure (including RRC Connection Reject).
· Radio Link Failure.
· No response from mode 1 resource request.
5: Somehow the eNB needs to know or get informed about the utilization of the resource pool.
Proposal 6: Confirm that Rel-12 D2D resources can only be used by public safety devices. In future releases support for allowing and controlling access to these resources for commercial devices can be added. 
7: In Rel-12 the D2D reception resource pool should be static and predefined (i.e. fixed in the specification) and should be common for in-coverage, out-of-coverage, and partial-coverage scenarios.
7a: Out-of-coverage resource pool must be a subset of the reception resource pool.
7b: The eNB may semi-statically allocate an out-of-coverage resource pool which includes resources which are part of the pre-defined resource pool, but cannot include resources which are not in the pre-defined resource pool (i.e. eNB can restrict the resources used for out of coverage)
7c: UEs which are operating mode 2 while in-coverage use the out-of-coverage resource pool.
7d: Out-of-coverage resource pool is divided into 2 subsets and the UE selects one of these subsets depending on where its synchronisation source originates (eNB or UE). 
7e: In-coverage mode 1 resources must be individually allocated to a UE from the remaining reception resources.
8: In coverage UE should be able to report D2D resource usage detected within out of coverage resource pool to the eNB.
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