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1
Introduction
In RAN1#76 the following working assumptions were agreed. 

Working Assumption:

· For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE

· The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content

· Scheduling assignments use PUSCH structure for transmission

· Details of PUSCH structure including DMRS and RE mapping are FFS

· At least the following are not precluded from further study: Scheduling assignments piggybacked with data, or indicated over DMRS

· For Mode 2

· A resource pool for scheduling assignment is pre-configured and/or semi-statically allocated

· FFS whether the resource pool for scheduling assignment is same as the resource pool for D2D data 

· UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment

· For Mode 1 

· the location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB 

· the location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB 

Discuss the following further offline: 

· Additional Proposal for Mode 1
· A resource pool for scheduling assignment is semi-statically allocated
· If there is a resource pool allocated for D2D data it is FFS whether the resource pool for scheduling assignment is same as the resource pool for D2D data
Further, the following agreements were made.

· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
In RAN2#86 the following was agreed:

· All UEs (Mode 1 (“scheduled”) and Mode 2 (“autonomous”)) are provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments. 
· FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)
In this contribution we provide some justification for using implicit indication of resources, rather than explicit indication and some potential agreements which can be made regarding the structure of the resource pools. 

2
Discussion
2.1
Relation between scheduling assignments and data resources

If we define part of the D2D resource pool as being specifically reserved for transmitting UEs to send scheduling assignments, as proposed in [ref] and for listening UEs to monitor, this immediately brings the obvious benefits of DRX for those UEs not currently transmitting or receiving data. This should also allow for reduction of overhead in the D2D communication channel, if some of the necessary information which would otherwise be needed in the L2 headers to be provided in the SA. For example, ID and security information can be sent as part of the scheduling assignment then there is no need to repeat this information in the payload or payload header. 

If implicit indication of resouces is used, rather than explicit this provides following benefits

· More efficient resource usage simply because data resource indication does not need to be included in the scheduling assigmnet, reducing the number of bits needed for a scheduling assignment. 

· During listening (before transmission) phase, a UE needs only listen to the scheduling assignment resources to determine which resources are in use. This allows for a more efficient listening phase since the UE does not need to listen to the entire resource pool, and does not need to decode the information within scheduling assignments to determine what resources are in use.

· Scheduling assignment resources can potentially be used to provide feedback from receiving UEs, which can detect interference in data resources from a source which is not detectable by a transmitting UE. 

Each scheduling assignment time-frequency location should correspond to the location of the associated payload transmission to assist with interference detection and contention resolution. Only UEs which are listening in order to receive a transmission need decode the SA content (to obtain relevant information such as addressing). 

In order to achieve this, the reserved D2D resource pool should be divided into a number of fixed patterns of resources in time+frequency while each scheduling assignment resource would define which of the fixed patterns are used. 
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Figure 1: Simplified arrangement of scheduling assignment resources and data resources with frequency diversity.
In figure 1 above, a simplified arrangement can be seen. In this example we assume each box to represent one physical resource block. There are 4 possible data resource patterns (= 4 potential scheduling assignments, and 4 UEs that can share the resource pool simultaneously). 

A transmitting UE must first perform contention resolution before selecting an available resource. It would then transmit scheduling assignments in each of the selected scheduling resources for the duration of it’s transmission e.g. if scheduling assignment resources are every 16 subframes then SA must be sent every 16 subframes to indicate the corresponding resources to receiving UEs, as well as containing other information such as the group ID. 

Proposal 1: Scheduling assignment resources implicitly define the position of corresponding data payload resources. 
It has already been agreed in RAN2 (as above) that a receiving UE needs to know a scheduling assignment resource pool that includes all of the possible resources that may be used for scheduling assignments regardless of the coverage of the transmitting UE. In order that the receiving UE needs to monitor only the scheduling assignment resources, and if scheduling assignments implicitly define data resources then this implies separate resource pools for scheduling resources and data, with a 1:1 mapping for each scheduling assignment to a pattern or block of data resources.
Proposal 1a: Scheduling assignment resource pools are separate from data resource pools. 
Proposal 1b: There is a 1:1 mapping of scheduling assignment resources to data resources. 

2.2 
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 it’s 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 2: 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 2a: Out-of-coverage resource pool must be a subset of the reception resource pool.
Proposal 2b: 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 2c: UEs which are operating mode 2 while in-coverage use the out-of-coverage resource pool.

Proposal 2d: Out-of-coverage resource pool is divided into 2 subsets and the UE selects one of these subsets depending on where it’s synchronisation source originates (eNB or UE). 

Proposal 2e: In-coverage mode 1 resources must be individually allocated to a UE from the remaining reception resources.
2.2 
Relation between D2D resource pools and regular UL LTE channel
With the above proposals in mind, and remembering that UEs may move in/out of coverage, and may have different synchronisastion sources, it would be beneficial to reserve the overall resource pool in terms of frequency – in other words the definition of a D2D resource pool should be made in terms of the number of RBs reserved. This simplifies definition of what the resource pool can be, as well as allowing for different groups of out of coverage UEs (with potentially different timing synchronisation) and UEs moving from out of coverage to in-coverage to have the same understanding of which resources are reserved for D2D. 
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Figure 2: 4 RBs reserved for D2D resource pool in a 3 MHz system bandwidth example.
As can be seen in figure 2 above, it is relatively straightforward to manage D2D resources, and co-existence with regular LTE uplink in the same EARFCN, by defining a static configuration x RB wide. D2D UEs will always use the same X RBs for communication, and therefore avoiding the complexity of managing co-existence across the entire system bandwidth. It also provides the advantage of UE not needing to perform any different procedures in coverage compared to out of coverage, and in fact because the same RBs will always be used, any groups of UEs with different timing reference or UEs coming from out of coverage can more eaily be accounted for within those reserved D2D RBs.
Proposal 3: D2D reception resource pool should be in a fixed number of contiguous RBs within the uplink bandwidth.
Proposal 3a: D2D transmission resource pools should be a subset of the fixed number of contiguous RBs defined for the transmission resource pool.

3
Conclusion

In this contribution we have summarised our view on various open issues relating to D2D resource allocation, and make the following proposals with regard to the way forward. 
Proposal 1: Scheduling assignment resources implicitly define the position of corresponding data payload resources. 
Proposal 1a: Scheduling assignment resource pools are separate from data resource pools. 
Proposal 1b: There is a 1:1 mapping of scheduling assignment resources to data resources. 

Proposal 2: 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.

Proposal 2a: Out-of-coverage resource pool must be a subset of the reception resource pool.
Proposal 2b: 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 2c: UEs which are operating mode 2 while in-coverage use the out-of-coverage resource pool.

Proposal 2d: Out-of-coverage resource pool is divided into 2 subsets and the UE selects one of these subsets depending on where it’s synchronisation source originates (eNB or UE). 

Proposal 2e: In-coverage mode 1 resources must be individually allocated to a UE from the remaining reception resources.
Proposal 3: D2D reception resource pool should be in a fixed number of contiguous RBs within the uplink bandwidth.

Proposal 3a: D2D transmission resource pools should be a subset of the fixed number of contiguous RBs defined for the transmission resource pool.
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