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1
Introduction
According to RAN prioritisation and the currently agreed TPs in [1] and [2], for D2D 1:M direct communication it is still FFS how resources are allocated and how in-coverage UE can be controlled by the NW.
In San Francisco, papers were submitted to the RAN1 and RAN2 meetings discussing the use of scheduling assignments in order to improve efficient of D2D broadcast communication. In this paper we provide some input on why such a scheme should be considered as the compromise solution for D2D communication in LTE.
2
Discussion
2.1
Central controlling entity? 
Currently it is not yet decided whether or not a central controlling node should be introduced for resource management in the out of coverage case. 

Although a tight control may at first appear to provide a more efficient way to manage available resources, there are a number of complexity challenges from introducing such node, E.g. 

· how to assign the central controlling node

· how to re-assign in case of mobility (either of group members, transmitting UE, or controlling node)

· how to perform negotiation of resources between a transmitting UE and the central node

· 2 way communication channel requirements

Given the current projected time plan, it is unlikely that all of these problems can be resolved in order for completion of the work in Rel-12. Even with time, the complexity makes such a scheme very difficult to implement in practise.
On the other hand, a purely CSMA based approach is inefficient both in terms of resource usage and power consumption in the UE –a potential receiving UE must continuously monitor the entire resource pool in case of detecting data which it should receive. This may not be a high priority issue for the public safety device, however it is expected that within Rel-13 we will need to support commercial devices for which power consumption is one of the most important issues. Therefore, it would be sensible to attempt to make a compromise solution which provides a trade-off between complexity and efficiency. In our opinion, the papers in [3] and [4] provide the outline and main benefits of such a scheme, which uses “scheduling assignments” to indicate from a transmitting UE which resources will be used to for transmission of D2D data.
Proposal 1: As a compromise we should introduce a CSMA based method for D2D broadcast communication, which provides additional co-ordination by use of scheduling assigmnets before data transmission rather than by central controlling entity for in-coverage, out-of-coverage, and partial-coverage scenarios.
As we will discuss in the following sections, the introduction of scheduling assignment scheme in Rel-12 allows for the same scheme to be used in all coverage scenarios and provides a way to introduce future optimisations and improvement for co-ordination and contention resolution procedures in further releases, and allows for better resource utilisation and NW control for the in-coverage scenario. 
2.2
Resource pool
So far it has been assumed that for in-coverage UEs the NW should perform allocation of the time/frequency resource pool for transmitting UEs to select a suitable transmission resource from. 
In order to simplify matters, it should be possible to pre-define some fixed resources for use in the out of coverage case.

However what should not be overlooked is that in addition to the partial-coverage scenario, there are cases whereby a UE which begins transmission or reception out of coverage may move into coverage or vice-versa. Hence it is not clear how different resource allocations would work in the partial coverage or mobility scenarios. The only possibility it seems is that the resource pool for out of coverage UEs should be the same as the resource pool for in-coverage UEs. Hence, the 2 possibilities would be either to pre-define a D2D resource pool, or to configure this in system information and define applicability rules – such as a validity time and PLMN. UEs having never registered on the PLMN, or having registered but validity time has expired would not be able to perform D2D communication. 
Proposal 2: For simplicity, in Rel-12 the D2D 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.
By using the above proposals, we can ensure that UEs are monitoring and transmitting in the same resources regardless of the coverage. This does also mean that a simple eNB could avoid using the D2D resource pool for regular LTE uplink resource allocation, or a more sophisticated eNB could monitor for D2D scheding assignments and only avoid allocating resources when they are scheduled/reserved by D2D UEs. Therefore the minimum eNB functionality would be simply to avoid use of D2D resource pool for regular uplink LTE, and the minimum eNB requirement would be to avoid using those resources which have been reserved by use of scheduling assignments by D2D UEs.

Proposal 3: eNB should always avoid allocating the uplink resources reserved for D2D scheduling assignments, and should avoid any resources reserved by UE sending a scheduling assignment.
Given the Rel-12 timescales it would have been better not to include any further NW control of the resource pool, however since it has been agreed to include such a possibility then in rel-12 this should be a per-cell broadcast configuration, given in system information, in order to reduce complexity. It is unlikely that RAN will be able to complete the work on a more sophisticated level of NW control, for example per-UE in dedicated signalling, however with the proposals in this paper it’s possible to address in the future - the NW may additionally control resource allocation from within the total D2D resource pool by enhancing D2D functionality in a future release. 

Proposal 4: NW restriction on the resource pool should be a per-cell broadcast configuration. As a future enhancement, NW may further control resource allocation to transmitting UEs on a per-UE basis which are in-coverage by restricting the available resource pool (overriding SIB configuration). 
With the above proposals in mind, and remembering that UEs may move in/out of coverage, 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 1: 4 RBs reserved for D2D resource pool in a 3 MHz system bandwidth example.
As can be seen in figure 1 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 5: D2D Resource pool should be in a fixed number of contiguous RBs within the uplink bandwidth, however RAN1 should decide this.
2.3
Scheduling
With the simplified implementation of resource pool allocation it is also possible to design scheduling assignments in a simplified manner. If we define part of the D2D resource pool as being reserved for transmitting UEs to send scheduling assignments, 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, D2D group 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 itself. Further, it should be possible for a UE performing listen before transmit, to detect which resources are in use based only upon the physical location of scheduling assignments, rather than being required to decode all the detected scheduling assignments. In other words, each potential 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 potential sub-channels. These may be simply a continuous number of subframes on the same RB, however in case frequency and/or time diversity is used, the sub channels would be transmitted in fixed patterns in time+frequency while each scheduling assignment resource would define which of the sub-channels are used. 
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Figure 2: Simplified arrangement of scheduling assignment resources and data resources with frequency diversity.
In figure 2 above, a simplified arrangement can be seen. In this example we assume each box to represent one physical resource block. There are 4 possible sub-channels (= 4 potential scheduling assignments, and 4 UEs that can share the resources simultaneously). 

A transmitting UE must first perform contention resolution (discussed in the next section) 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 resources to receiving UEs, as well as containing other information such as the group ID. 

Proposal 6: Scheduling assignment resources define the position of corresponding data payload resources, however RAN1 should decide this. 

2.4
Contention Resolution
Use of scheduling assignments also provides an opportunity to reduce or eliminate the probability of collision before a transmission starts. If a UE simply performs listen before transmit, this would in most cases avoid a collision. However there are several cases where collision could still occur. For example if transmitting UEs start at the same point in time and select the same resource, transmitting UEs are not in the range of one another but a receiving UE can detect both transmitting UEs. 
There are several steps that could be taken to avoid collision when transmitting UEs are able to hear each other. For example, once the initial listening phase is complete, the UE would then select a resource to transmit SA a repeated number of times. During this transmission preamble phase UE could then listen at a random occasion – in order to detect another UE attempting to reserve this resource and reduce the probability of collision. Other steps may be taken, for example performing a random backoff time before attempting to transmit again. 
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Figure 3: Contention resolution using scheduling assignments

In figure 3 above, one example contention resolution procedure is shown. The unit of time assumed is the periodicity of scheduling assignments. Following the initial listening phase, the UE selects a free resource and starts to transmit scheduling assignments in order to attempt to reserve that resource (and prevent other potential transmitters from selecting that resource). Then, the UE selects either randomly or calculates a time to perform listening again. Should a collision be detected here, then UE waits a random time to backoff and selects another free resource and tries again. Once UE confirms the resource is still free, then transmission may start. 

Proposal 7: If necessary, to improve collision probability, contention resolution could include 2 phases – initial listening phase followed by a second phase including random delay to reduce the collision probability. 

This approach does not, however, address the case where 2 potential transmitting UEs cannot detect each other. This can be solved only by feedback from a listening UE that is able to detect the collision or interference. 

In order to minimise complexity in Rel-12 we may not to include such interference reporting at this stage, however with the proposed design it is possible to enhance this further in Rel-13 to incude some reporting by the UEs which are able to detect collision. For example the receiving UE can transmit “measurement reports” by using the scheduling assignment resource to “reserve” a resource containing too much interference. If the location of the scheding assignment defines the location of data, then such reports would be straightforward since a reporting UE would simply transmit a scheding assignment in the relevant SA resource corresponding to the interfered resources. 

Proposal 8: If necessary, to improve collision probability, scheduling assignments can also be used to perform feedback (reporting of interference or collision) from listening UEs.

3
Conclusion

In this contribution we have summarised our view on various open issues relating to D2D in RAN1 and RAN2, and make the following proposals with regard to the way forward. 
Proposal 1: As a compromise we should introduce a CSMA based method for D2D broadcast communication, which provides additional co-ordination by use of scheduling assigmnets before data transmission rather than by central controlling entity for in-coverage, out-of-coverage, and partial-coverage scenarios.

Proposal 2: For simplicity, in Rel-12 the D2D 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 3: eNB should always avoid allocating the uplink resources reserved for D2D scheduling assignments, and should avoid any resources reserved by UE sending a scheduling assignment.
Proposal 4: NW restriction on the resource pool should be a per-cell broadcast configuration. As a future enhancement, NW may further control resource allocation to transmitting UEs on a per-UE basis which are in-coverage by restricting the available resource pool (overriding SIB configuration). 

Proposal 5: D2D Resource pool should be in a fixed number of contiguous RBs within the uplink bandwidth, however RAN1 should decide this. 
Proposal 6: Scheduling assignment resources define the position of corresponding data payload resources, however RAN1 should decide this.
Proposal 7: If necessary, to improve collision probability, contention resolution could include 2 phases – initial listening phase followed by a second phase including random delay to reduce the collision probability. 

Proposal 8: If necessary, to improve collision probability, scheduling assignments can also be used to perform feedback (reporting of interference or collision) from listening UEs.
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