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1 Introduction
The rationales and typical use cases for public safety assigned D2D communication resource allocation were introduced in R1-143259 [1], R2-143322 [2]. In the case of LTE D2D for mission-critical tasks, it is required by public safety to ensure assigned D2D communication resources could be configured (at least semi-statically) for selected D2D communication groups, when needed, for Mode1 and Mode2. For release 12, the assigned D2D communication resource allocation has been considered by public safety as a priority due to the fact that RAN1 had agreed the resource selection scheme for Mode2 was a random selection by a Tx UE from SA pool and data pool respectively. In contrast, the current D2D on LMR (Direct or Talk Around) is assigned with a narrowband channel and there is no voice service disruption as long as group members are within the communication range of the transmitter. Our primary concern on agreed random D2D resource selection is the possibility of voice service degradation/discontinuity at a critical moment, e.g. a team leader/supervisor of a police group operating off network communicating to a group of snipers on the roof fails to give a "shoot" or "don't shoot" voice message in time. In the case of LTE D2D, highly robust D2D communication resource allocation for selected groups, comparable to LMR Direct, is fundamentally required for public safety to ensure there is no voice service disruption due to D2D resource allocation.
For supporting resource allocation for Mode2, RAN1 agreed on 4 Tx pools for SA and Data respectively from an UE perspective, and RAN2 agreed that Mode2 resources could be signaled via RRC, pre-configurations or SIB18. In addition, RAN2#87bis agreed a Group Index (4 bits) for ProSeBSR of Mode1, whereby the eNB is able to allocate assigned resource for Mode1 to specific groups by implementation. 
This contribution discusses remaining issues on assigned D2D communication resource allocation for Mode1 and Mode2. Our intention is to ensure the robustness of resource allocation for release 12 LTE D2D is equal to or exceeds LMR Direct; otherwise release 12 LTE D2D won’t be used by public safety for their mission-critical tasks.
2 Discussion 
For assigned resources (radio channel) allocation, once a Tx resource is assigned to a group there should be no contention for the same resource from other groups. With agreed dedicated RRC signaling for Mode2 resource configuration and the Group Index of ProSeBSR for Mode1 resource allocation, a UE in connected mode while in coverage could operate in either Mode1 or Mode2 with at least semi-statically assigned resources by eNB via RRC signals. The remaining issues that have not been addressed by current agreements are out-of-coverage, exceptional cases and multi-carrier D2D where RRC signaling is absent and the resource allocation is done by pre-configuration or SIB18.

Our observations for further discussions to address remaining issues are below.

1) For out-of-coverage D2D, an assigned resource mapping, i.e. mapping between group ID and its assigned resources, needs to be added to pre-configured pools.

2) For multi-carrier D2D, an UE, roaming in commercial network with D2D operating in PS carrier, detects eNB in PS carrier, it must stop using preconfigured resources and start using resources in SIB18 of the eNB (operating in PS carrier). Therefore, the assigned resource mapping needs to be provided in SIB18 (or alternative SIB) in order to support multi-carrier operations with assigned resource allocation.

3) For exceptional cases (e.g. RLF, etc.), fallback resources are used. Therefore, the assigned resource mapping needs to be included in the definition of fallback resources. 

RAN2 agreed that Group ID is 24 bits long; thus, there can be 16.7 million groups possible. It is not practically possible to provision a resource pool for all possible combinations of groups. If eNB is not aware which groups out of 16.7 million possible groups are present in the incident scene, eNB cannot provide assigned resources specific to these groups. However, according to the typical D2D scenario in TR36.843, which has been used as the baseline scenario in RAN1/2/4 to justify many critical design decisions, there are typically 6-8 D2D groups in an incident area. Thus, a Group Index of 4 bits is sufficient (same size as the Group Index in ProSeBSR) to represent all active D2D groups. Furthermore, only resources that have been assigned require the associated Group Index in the resource configuration. Other shared resources could incur no additional bits, if designed smartly. For release 12, all Group IDs are statically configured in order to uniformly operate across all possible coverage scenarios (in-coverage, partial coverage and out-of-coverage) during an operation. A consistent mapping between Group Index and Group IDs of active groups that are assigned to operate in an incident area could be provided to all involved eNBs though RRC signals from UEs or through S1 from EPC. Once the mapping is known to all eNBs in the incident area, Group Index could be used to signal assigned resource via ProSeBSR for Mode1 or the assigned resource mapping for Mode2.
There are three simple approaches to construct assigned resource mapping for Mode2 in release 12 timeframe.

1) Change the pool definition such that there are maximum 16 SA/Data pools available to accommodate maximum 16 active D2D groups with assigned resources.
2) Add Group Index to each assigned resources in SIB18 (or alternative SIB) and pre-configuration for normal and fallback Mode2 resources to signal the assigned resource mapping.
3) Statically pre-configure assigned resource mapping in UE, whereby each assigned resource must be a subset of the resource pools signaled by eNB.
Approach 1) and 2) assign semi-statically configured resources to each group, which could be semi-statically adjusted by the operator based on user’s demands or network loading, whereas approach 3) statically pre-provisions the assigned resource mapping in all D2D UE. However, approach 3) could be achieved via UE implementation that incur no further standardization efforts for release 12.
3 Proposals
In order to ensure robustness and flexibility of D2D communication and address remaining issues on assigned resource allocation for public safety the following are proposed:
Proposal 1: Change the pool definition such that there are maximum 16 SA/Data pools available to accommodate maximum 16 active D2D groups with assigned resources.
Proposal 2: Alternatively, Add Group Index to each assigned resources in SIB18 (or alternative SIB) and pre-configuration for normal and fallback Mode2 resources to signal the assigned resource mapping.
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