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1   Introduction
At RAN2#84 meeting, topics related to D2D resource allocation were discussed extensively. For D2D communication resource allocation, the following agreements were reached [1]:
	Agreements
1
UEs in-coverage and out-of-coverage need to be aware of a resource pool (time/frequency) for D2D communication reception. 

FFS how UEs are configured with the reception pool. 

FFS how transmission resources are handled/allocated.




There are still many open issues that need to be further studied. For example, how in-coverage and out-of-coverage UEs are made aware of the resource pool (time/frequency) for D2D communication reception, and how transmission resources are handled/allocated. In this contribution, we discuss the definition of resource pools for D2D communication, the provision of the resource pools to the UE and the UE specific resource acquisition mechanism, for various coverage scenarios. RAN2 aspects of scheduling, including message/data flows, are also analysed.
2   Discussion
Given the priority chosen by the RAN plenary, for D2D communication the focus is on 1:M group communication, in coverage and out of coverage. The pure out of coverage scenario is illustrated in Figure 1(a). An important scenario is the one of partial coverage, shown in Figure 1(b), where part of concerned UEs are out of coverage and the rest are in coverage. The in coverage scenario can be further divided into the intra-eNB and inter-eNB D2D communication. The intra-eNB in coverage scenario is shown in Figure 1(c), where UE1, UE2 and UE3 are served by the same eNB and they communicate with each other through direct D2D links. When cell-edge UEs in proximity are served by different eNBs, they could establish inter-eNB D2D communication, as shown in Figure 1(d). Based on these different coverage scenarios, in the following we discuss the resource and medium access control mechanism for D2D communication.

[image: image1.emf]UE2

UE1

eNB1

UE2

UE1

eNB1 eNB2

(c) Intra-eNB D2D communication (d) Inter-eNB D2D communication

UE2

UE1

(a) Out of coverage D2D communication

UE2

UE1

eNB1

(b) Partial coverage D2D communication

UE3

UE3

UE3

UE3

Figure 1. Coverage scenarios for D2D communication.
2.1   Definition of resource pools for D2D communication
D2D communication resource denotes the radio resource used for delivering user traffic between UEs. Before discussing D2D resource allocation, it is necessary to investigate the resource pool that could be used for D2D communication. According to TR 36.843, 1: M D2D broadcast communication should be supported both on a dedicated carrier and on the same carrier as regular LTE. Whether a dedicated or a shared resource is used for D2D communication greatly impacts the resource allocation mechanism. If a dedicated resource is used, as shown in Figure 2(a), it can be applied for both in and out of coverage scenarios, without interfering with cellular communication. If a cellular resource is used for D2D communication, it is assumed that D2D operates in the UL spectrum (in case of FDD), or in the UL subframes of the cell providing coverage (in case of TDD except when out of coverage) [2]. In principle, for the out of coverage scenario, not only the uplink but also the downlink cellular resources could be used for the D2D communication, as shown in Figure 2(b). However, for the in coverage scenario, the interference between D2D communication and cellular communication should be considered. In order to simplify the design of the resource allocation algorithm, only non-overlapping resource utilization between cellular and D2D communication is recommended. As shown in Figures 2(c) and 2(d), time division multiplexing (TDM) and frequency division multiplexing (FDM) of the uplink cellular resource can be used for the in coverage scenario to avoid interference between cellular and D2D communication. Going further, TDM can be combined with FDM to provide more fine-grained resource allocation for D2D communication, as shown in Figure 2(e). 
Proposal 1: It is recommended to consider only non-overlapping resource utilization between cellular and D2D communication. 
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Figure 2. Available resource pool for D2D communication.
The available resources for D2D communication can be pre-configured or semi-statically configured by ProSe server or by the eNB. The UE may be provided with a list of resources which indicate the carrier frequency and bandwidth. The resources within the list may be corresponding to a specific application scope. In addition to the carrier frequency and bandwidth information, the resources may be related to a subframe pattern and resource block assignment to realize TDM and FDM based resource pool allocation.
Proposal 2: The resource pool may be configured with a list of resources which indicate the carrier frequency, bandwidth and applicable scope. In addition, a subframe pattern and resource block assignment information may also be provided. 
2.2   Provision of resource pools to the UEs
In this section, we investigate how the resource pools are provisioned to the UEs. First of all it is necessary to distinguish between commercial and public safety services.

For commercial services, the only scenario to be considered is the “in coverage” one. If both RRC_IDLE and RRC_CONNECTED UEs are to be supported for D2D communication reception, the resource pool information has to be broadcast by the eNB, via a new SIB. The new SIB could actually advertise multiple resource pools, each one for a different D2D application/service. In coverage UEs may then acquire the resource pool information. By using a broadcast mechanism based on SIB, different resource pools (for the same application) may be defined in different cells. This increases the resource management flexibility but at the same time increases the risk that some D2D UEs (e.g. under coverage of cell A) do not receive D2D transmission from nearby UEs (e.g. under coverage of cell B). To facilitate the inter-eNB D2D communication of cell-edge UEs, eNBs could optionally broadcast the resource pool information of their own cells as well as the cells of neighbouring eNBs. 
Proposal 3: For commercial services, resource pool configurations (to be used by in coverage UEs) shall be broadcast by the eNB via a new SIB. 
For public safety services, all the scenarios need to be considered: “in coverage”, “out of coverage” and “partial coverage” (e.g. it should be possible for an out-of-coverage receiver to receive the transmission from an in-coverage transmitter, and vice versa). In this case two resource pools could be defined for D2D communication: 

· a resource pool IN (to be used for transmission while in-coverage) and 

· a resource pool OUT (to be used for transmission while out of coverage)
Both resource pools (IN and OUT) should be pre-provisioned to the UEs, to ensure that Public Safety D2D UEs always know where to listen for PS communication. For instance this could be done during Attach/TA update and the information should be maintained by the UE even when (temporarily) out of coverage. On the contrary, if the information about the resource pool IN were included in a new SIB (and the resource pool IN could then be defined "per cell") there would be some risks. For instance, an out of coverage UE would not get the information contained in the SIB and then it would not know where to listen to the transmission from an in-coverage UE.

After being provisioned with the information about resource pools IN and OUT, Public Safety D2D UEs should then listen to both resource pools for possible D2D communication.
Proposal 4: For public safety, two different resource pools shall be defined: a resource pool IN (to be used for transmission while in-coverage) and a resource pool OUT (to be used for transmission while out of coverage).
Proposal 5: Both resource pools (IN and OUT) shall be pre-provisioned to the UEs.
2.3   UE specific resource acquisition
In this section, we discuss the UE specific resource acquisition mechanism based on the available D2D resources. The possible approaches for the UE resource acquisition can be divided into three categories: dynamic allocation, semi-persistent allocation and contention based CSMA. 
· Dynamic allocation: The D2D UE acquires the resources dynamically assigned by the eNB. The eNB assigns the UE specific resource for one subframe selected from the available D2D resource pool upon receiving UE’s D2D scheduling request or D2D buffer status report. This approach is suitable for the intra-eNB D2D communication. However, it is hard to be applied to the inter-eNB scenario. Since dynamic allocation implies a tight control over each D2D transmission on a subframe basis, it requires fast negotiation between the scheduler of two eNBs and needs an ideal backhaul support, which is not applicable for most deployments. 
· Semi-persistent allocation: The eNB allocates resources to a D2D UE for a longer time period than one subframe, avoiding the need for specific resource assignment messages for each subframe. The D2D resources can be semi-statically configured according to a given traffic pattern, for example a VoIP service where fixed small size data packets are transmitted every 20ms. In this way, the overhead of the resource assignment is significantly reduced compared to the case of dynamic allocation. Upon acquiring the semi-persistent resource configuration and assignment, the UE can transmit the data packets over the resource for D2D communication. This approach may be suitable for both intra-eNB and inter-eNB scenario. However, it requires the scheduler of the eNB to be aware of the timing and amount of D2D radio resources needed in advance. For public safety applications such as PTT, the traffic pattern is easy to predict. But this is not the case for other low speed data public safety applications which are bursty in nature, such as SMS, query/query, etc.
· CSMA: Before a D2D UE attempts to transmit, it first detects the presence of transmission from other UEs over the D2D resource pool. If the D2D resource is sensed busy, the D2D UE waits for the ongoing transmission to finish before initiating its own transmission. Otherwise, the D2D UE acquires the D2D resource and starts the D2D transmission. This approach is easy to implement. Compared with the eNB controlled resource acquisition, CSMA is more suitable for the out of coverage scenario where no central control entity exists. However, since other nearby D2D UEs may acquire the D2D resource and initiate the D2D transmission simultaneously, the collision may happen, which leads to long delay and problems to guarantee the quality of service. 
Based on the aforementioned analysis, it is suggested to adopt a network controlled resource allocation (such as dynamic allocation and semi-persistent allocation) when the transmitter is in-coverage and the CSMA based mechanism when the transmitter is out of coverage. Since PTT voice is the most important application for public safety, the semi-persistent allocation (for the case of in-coverage transmitter) should be supported as a baseline. Whether dynamic allocation is to be supported for the in-coverage scenario depends on the public safety application type and needs further study. 
Proposal 6: When the UE is in coverage, TX resources for D2D communication shall be allocated by the eNB (via dynamic or semi-persistent allocation) and the eNB shall select resources from the “in coverage” resource pool.

Proposal 7: When the UE is out of coverage, TX resources are autonomously decided by the UE (using a CSMA scheme) among the ones in the “out of coverage” resource pool.

Proposal 8: Semi-persistent allocation should be considered as the baseline for the in coverage scenario. Whether dynamic allocation is also to be supported needs further study. 
2.4   Data flow for D2D resource allocation
In this section, we present example data flows for D2D resource allocation. Figure 3 shows the CSMA based resource allocation for the out of coverage scenario. UE1, UE2 and UE3 belong to the same group. They are pre-provisioned with the resource pool configuration. The transmitter UE1 senses the pre-provisioned D2D resource pool and tries to access the resource in a contention based way. Once UE1 accesses the resource, it sends the D2D data packet. UE2 and UE3 may listen to the pre-provisioned D2D resource pool. Once data transmission is detected, they decode the packet, process the MAC/RLC/PDCP header and then deliver the packet to upper layer.
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   Figure 3. CSMA based resource allocation.

[image: image4.emf]UE1

UE2

2. D2D scheduling request (D2D SPS indication)

4. D2D scheduling response (D2D SPS config, resource assignment, MCS)

6. transmit data traffic over the assigned radio resource

UE3

eNB

3. admission control, 

assign radio resource

5. D2D scheduling notification (optional)

1. broadcast the D2D resource pool information through a new SIB 


Figure 4. Network controlled semi-persistent resource allocation.
Figure 4 shows the network controlled semi-persistent resource allocation procedure. UE1, UE2 and UE3 belong to the same D2D group. The eNB periodically broadcasts the D2D resource pool information through a new SIB. The D2D resource pool broadcast by the eNB may be configured by the eNB itself or through OAM and ProSe server. Supposing that UE1 wants to initiate the D2D group communication, it sends the D2D scheduling request message to the eNB. This message may contain the D2D SPS indication, the amount of resource and timing information. Upon receiving this request, the eNB performs the admission control, assigns the radio resource and then sends the D2D scheduling response message to UE1 which may contain the D2D SPS configuration, assigned resource and MCS. In order to keep other D2D group member UEs within the eNB coverage informed of the upcoming or ongoing D2D communication, the eNB may periodically broadcast the D2D group resource assignment information. In this case, the other D2D group member UEs only need to listen to the specific resources instead of all the D2D resource pool. Once the D2D semi-persistent resource configuration and assignment is ready, UE1 may broadcast the D2D group communication data packet on the assigned resource. No matter UE2 and UE3 are in RRC_CONNECTED state or RRC_IDLE state, they may listen to the radio resource and detect the group data transmission. For the detected data packet, UE2 and UE3 parse the MAC/RLC/PDCP sub-header and deliver the packet to upper layers. It should be noted that since the D2D data packet does not pass through the eNB, it is hard for the eNB to determine when the semi-persistent resource should be released. To solve this problem, an explicit semi-persistent resource release mechanism need to be designed.
Proposal 9: Agree on the network controlled semi-persistent resource allocation data flow.
3   Conclusion
In this contribution, we discussed the definition of resource pools for D2D communication, the provision of the resource pools to the UE and the UE specific resource acquisition mechanism, for various coverage scenarios. RAN2 aspects of scheduling, including message/data flows, were also analyzed. Several proposals were suggested:
Proposal 1: It is recommended to consider only non-overlapping resource utilization between cellular and D2D communication. 
Proposal 2: The resource pool may be configured with a list of resources which indicate the carrier frequency, bandwidth and applicable scope. In addition, a subframe pattern and resource block assignment information may also be provided. 
Proposal 3: For commercial services, resource pool configurations (to be used by in coverage UEs) shall be broadcast by the eNB via a new SIB. 
Proposal 4: For public safety, two different resource pools shall be defined: a resource pool IN (to be used for transmission while in-coverage) and a resource pool OUT (to be used for transmission while out of coverage).
Proposal 5: Both resource pools (IN and OUT) shall be pre-provisioned to the UEs.
Proposal 6: When the UE is in coverage, TX resources for D2D communication shall be allocated by the eNB (via dynamic or semi-persistent allocation) and the eNB shall select resources from the “in coverage” resource pool.

Proposal 7: When the UE is out of coverage, TX resources are autonomously decided by the UE (using a CSMA scheme) among the ones in the “out of coverage” resource pool.

Proposal 8: Semi-persistent allocation should be considered as the baseline for the in coverage scenario. Whether dynamic allocation is also to be supported needs further study. 
Proposal 9: Agree on the network controlled semi-persistent resource allocation data flow.
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