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1 Introduction
At RAN2#85 meeting, topics related to D2D resource allocation were discussed extensively. For D2D communication resource allocation, the following agreements were reached: 
· 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.
· UEs in-coverage and out-of-coverage need to be aware of a resource pool (time/frequency) for D2D communication reception.
However, there are still several open issues regarding the resource pool information provision to the UE. For example, it is FFS how the resource pool is configured/provided to UEs in or out of coverage. In this contribution, we analyze the resource pool related issues in D2D communication and present our solution for resource pool provisioning to the UE. 
2 Discussion
According to the RAN2#85 chairman’s note, there are three open issues with regards to the resource pool in D2D communication. 
· 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)
· FFS: For Mode 2, UEs in the “edge of coverage”, obtain the transmission resource pool by the eNB (e.g. SIB signalling).
· FFS: For Mode 2, UEs out of coverage it is FFS how they obtain the transmission resource pool (e.g. pre-configured; from other UEs; …). 

Dedicated or shared resource with LTE 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 and the relationship between the resource used for D2D and cellular 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 used for D2D communication. If a dedicated resource is used, as shown in Figure 1(a), it can be applied for both in and out of coverage scenarios, without interfering with cellular communication. If 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 sub-frames of the cell providing coverage (in case of TDD except when out of coverage) [3]. 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 1(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. Several examples of non-overlapping resource utilization are shown in Figures 1(c), 1(d) and 1(e). 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 as illustrated in Figures 1(c) and 1(d). Going further, TDM can be combined with FDM to provide more fine-grained resource allocation for D2D communication, as shown in Figure 1(e). 
Observation 1: If dedicated resource is used for D2D communication, it can be applied for both in and out of coverage scenarios, without interfering with cellular communication.
Proposal 1: It is recommended to consider only non-overlapping resource utilization between cellular and D2D communication when cellular resource is used for D2D communication.
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Figure 1. Available resource pool for D2D communication
The resource used for D2D communication
According to the WID [4], the communication part is targeted to apply only to public safety use. And for public safety services, all the scenarios need to be considered: “in coverage”, “out of coverage” and “partial coverage”. In this case two kinds of 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)
Furthermore, in the partial coverage scenario, the pool IN and pool OUT should be non-overlapping, otherwise the D2D transmission out of coverage may interfere the D2D transmission scheduled by the eNB. Figure 2 illustrates an example deployment of D2D resource pool IN and pool OUT based on TDM+FDM. However, when the out of coverage area is isolated and there is no LTE network coverage nearby, there is no such restriction on the pool OUT usage. 
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Figure 2. The resource pool IN and pool OUT
In our view, the transmission resource pool and resource allocation mechanism used for D2D transmitting UE is basically related with the network coverage state. Generally, Mode 1(“scheduled”) resource allocation is used when the D2D transmitting UE is in network coverage to enable network control of D2D communication and radio resource, i.e. the serving eNB can allocate UE specific D2D transmission resource for SA and data from the resource pool IN. However, only Mode 2 (“autonomous”) resource allocation can be used if the D2D transmitting UE is out of network coverage. In that case the D2D UE autonomously chooses transmission resource from the pre-provisioned resource pool OUT. 
As for the reception resource pool, since partial coverage scenario should be studied and it is required for an out-of-coverage D2D UE to receive the D2D transmission from an in-coverage D2D UE and vice versa in partial coverage scenario, it is necessary for all the Public Safety D2D UEs in or out of coverage listen to both resource pool IN and pool OUT for possible D2D communication.
Proposal 2: For public safety D2D communication, 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).
The resource pool IN and pool OUT can be deployed on the same or different frequency. We analyze and compare the two deployment options in Figure 3.
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Figure 3. Simultaneous D2D and cellular communication in partial coverage scenario
1)  The pool IN and pool OUT are deployed on the same frequency. There is no problem with D2D UE listen to the two resource pool simultaneously. According the the RAN1 agreements[3]: It is assumed that D2D transmission/reception does not use full duplex on a given carrier; From individual UE perspective, on a given carrier D2D signal reception and cellular uplink transmission do not use full duplex. So from the individual in coverage D2D UE’s perspective, the D2D transmission/cellular uplink transmission scheduled by the eNB from the pool IN and D2D reception from the pool OUT should use TDM mode, as illustrated in Figure 3(a). It is FFS if any kind of coordination is needed between the D2D reception from the pool OUT and cellular/D2D transmission scheduled by eNB. 
Furthermore, when cellular resource is used for D2D communication, it is recommended that non-overlapping resource is used between cellular and D2D communication for interference avoidance, a resource pool for the D2D transmission while out of coverage (i.e. the pool OUT) should be reserved from the cellular communication resource pool in partial coverage scenario. However, it may reduce the radio resource efficiency when out of coverage D2D traffic load is low.
2)  The pool IN and pool OUT are deployed on different frequency. For example, dedicated D2D resource is used for D2D transmission out of coverage (i.e. the pool OUT). In this scenario, the Public Safety D2D UEs which has no CA capability cannot listen to both the pool IN and pool OUT simultaneously. That means D2D UEs without CA capability have to use TDM solution to listen to the pool IN and pool OUT. It may increase the UE power consumption and introduce additional delay on D2D reception. 
According to requirement from TR36.843, an authorized Public Safety ProSe-enabled UE shall have the capability of communication using both the network infrastructure and D2D Communication with Public Safety ProSe-enabled UEs not served by E-UTRAN in parallel. However, assuming the frequency of D2D pool OUT and the cellular communication also use different frequency, when D2D UE without CA capability listen and receive D2D transmission in the pool OUT, the D2D UE have to suspend the data transmission/reception with the serving cell. And TDM solution is also needed between the D2D reception in the pool OUT and cellular reception/transmission/D2D transmission in the pool IN, as illustrated in Figure 3(b). Similarly, coordination is needed between the D2D receptions from the pool OUT/pool IN, and between D2D reception from the pool OUT and cellular transmission/reception/D2D transmission scheduled by eNB, otherwise the D2D UE should has the CA capability in order to perform D2D reception and D2D transmission/cellular communication on two different frequency simultaneously. 
Observation 2: TDM solution should be used between the D2D reception in the pool OUT and cellular reception/transmission/D2D transmission in the pool IN for the same D2D UE regardless of whether pool IN and pool OUT are deployed on the same frequency or not.
Proposal 3: Whether any kind of coordination is needed between the D2D receptions from the pool OUT/pool IN, and between D2D reception from the pool OUT and cellular transmission/reception/D2D transmission scheduled by eNB needs further consideration.
Resource pool provision to UE 
In this section, we investigate how the resource pools are provisioned to Public Safety D2D UEs. 
1) For out of coverage D2D UE
A. transmission pool. Out of coverage D2D UE use Mode 2 to obtain the transmission resource, i.e. autonomously choose transmission resource from the pool OUT. So the transmission pool (i.e. pool OUT) needs to be pre-provisioned to out of coverage D2D UEs.
B. reception pool. The same as D2D UEs in coverage, D2D UEs out of coverage may need to listen to the D2D transmission from both in and out of coverage D2D UEs, a D2D reception resource pool containing both pool IN and pool OUT should be provisioned to D2D UEs in coverage.
For the out of coverage D2D UEs, both the transmission pool and reception pool should be pre-provisioned, to ensure that Public Safety D2D UEs always know where to listen for PS communication. For instance the resource pool can be obtained from ProSe server through user plane procedure (as illustrated in Figure 4a) and the information should be maintained and used in case of out of coverage.
2) For in coverage D2D UE
A. transmission pool. As stated above, D2D transmission for the in coverage UE is scheduled by the eNB (Mode 1) from the resource pool IN, so the D2D UEs in coverage don’t need to obtain the transmission pool.  
B. reception pool. D2D UEs in coverage may need to listen to the D2D transmission from both in and out of coverage D2D UEs, a D2D reception resource pool containing both pool IN and pool OUT should be provisioned to D2D UEs in coverage.
In the in coverage scenario, the reception pool can be delivered through the broadcasted system information from the eNB, as illustrated in Figure 4b. The eNB can adjust the transmission resource pool per cell according to the D2D traffic load information. As a result, the reception pool transferred in the SIB message may contain the adjusted transmission pool for in coverage D2D UEs. However, the adjusted transmission pool for in coverage D2D UEs should be a subset of the resource pool IN. Otherwise, there would be some risks that an out of coverage UE would not get the adjusted transmission pool for in coverage D2D UEs contained in the SIB and then it would not know where to listen to the D2D transmission from an in-coverage UE.
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Based on the above discussion, we can conclude that the resource pool information should be pre-provisioned to Public Safety D2D UEs as a baseline, while resource pool information transferred in SIB can be an additional solution for the in coverage UEs. In this situation, for D2D UEs in coverage, two set of D2D reception pool may be obtained from eNB and pre-provision respectively, the reception pool obtained from the serving eNB can be regard by the UE as higher priority. 
Proposal 4: Both resource pools (IN and OUT) shall be pre-provisioned to the UEs.
Proposal 5: The resource pool information should be pre-provisioned to Public Safety D2D UEs as a baseline, while resource pool information transferred in SIB can be an additional solution for the in coverage UEs.
Specifically, the resource pool information provided to D2D UEs may include both resource pool for scheduling assignment and D2D data, which contains 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 sub-frame pattern and resource block assignment to realize TDM and FDM based resource pool allocation.
Proposal 6: The resource pool information may include both resource pool for scheduling assignment and D2D data, which contains a list of resources which indicate the carrier frequency, bandwidth and applicable scope. In addition, a sub-frame pattern and resource block assignment information may also be provided.
3 Conclusion
In this contribution, we analyzed the resource pool related issues in D2D communication and presented our solution for resource pool provision to UE. And we have the following observation and proposals:
Observation 1: If dedicated resource is used for D2D communication, it can be applied for both in and out of coverage scenarios, without interfering with cellular communication.
Proposal 1: It is recommended to consider only non-overlapping resource utilization between cellular and D2D communication when cellular resource is used for D2D communication.
Proposal 2: For public safety D2D communication, 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).
Observation 2: TDM solution should be used between the D2D reception in the pool OUT and cellular reception/transmission/D2D transmission in the pool IN for the same D2D UE regardless of whether pool IN and pool OUT are deployed on the same frequency or not.
Proposal 3: Whether any kind of coordination is needed between the D2D receptions from the pool OUT/pool IN, and between D2D reception from the pool OUT and cellular transmission/reception/D2D transmission scheduled by eNB needs further consideration.
Proposal 4: Both resource pools (IN and OUT) shall be pre-provisioned to the UEs.

Proposal 5: The resource pool information should be pre-provisioned to Public Safety D2D UEs as a baseline, while resource pool information transferred in SIB can be an additional solution for the in coverage UEs.
Proposal 6: The resource pool information may include both resource pool for scheduling assignment and D2D data, which contains a list of resources which indicate the carrier frequency, bandwidth and applicable scope. In addition, a sub-frame pattern and resource block assignment information may also be provided.
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