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1 Introduction
RAN#60 plenary meeting agreed that the public safety use case of D2D ProSe Group Communication are the focus for RAN1 and RAN2:

“Focus on broadcast D2D communication for the public safety use case, on the understanding that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication. If possible, consider optimisations to enhance efficiency of the relay operation. 

Note that impact to existing operator services and resources is included in the evaluations.”
Current D2D (Direct or Talk Around) capabilities of a Land Mobile Radio (LMR) system allow public safety users to perform group calls directly among group members, when required, in an exclusive narrowband channel that bypasses the narrowband digital radio network. Our main focus of LTE D2D group communication in 3GPP for Release 12 is to deliver a version of LTE D2D that can provide core group call functionality as the “off-network” Direct or Talk Around capabilities of LMR systems do today (but with better efficiency, scalability, and flexibility that potentially could be enhanced and optimized in future releases). In order to foster the conclusion of LTE D2D Study Item (SI), this contribution provides primary concerns on resource allocation from public safety perspective, which need to be addressed in the conclusion of D2D SI and subsequent D2D Work Item. Therefore, a compromised resource allocation scheme is also proposed as the baseline for the conclusion of SI.
2 Discussion 

In RAN1#75 the following agreements regarding resource allocation for D2D group communication were coincided.

RAN1 Agreements:

Working Assumption:

· When transmitting UEs are out of network coverage, the resources used for D2D broadcast traffic are selected from a resource pool 

· The resource pool can be preconfigured, or semi-statically configured

· The details are FFS on how the resource is selected from the pool

· If the resource pool is semi-statically configured, the method of semi-statically configuring the resource pool is FFS

Note that the criterion for “out of coverage” for the purpose of this UE behaviour would need to be defined.

RAN2 Agreements:

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.

RAN1 and RAN2 only agreed on the basic concept of the resource pool for UEs in-coverage and out-of-coverage, but failed to reach agreement on how the resource is selected from the pool for the transmitting UE. During online and off-line discussions, there have been three options under consideration for selecting resources by the transmitting UE.
A) Out-of-coverage transmitter scenario:

1. UEs automatously select resources within the (pre-)configured resource pool. Such configurations may be adjusted by the operator.
B) In-coverage transmitter scenario:
1. UEs automatously select resources within the (pre-)configured resource pool with eNB fully controlling the ongoing D2D communication sessions and the resource pool via UE’s WAN connection.
2. The eNB dynamically assign resources, potentially from the resource pool, to a specific D2D communication.
B.1 is a centralized D2D resource allocation whereas B.2 is a distributed D2D resource allocation for a UE transmitting inside network coverage. A centralized operation ensuring better operations for the network (including D2D). For example, assume that a network experiences high interference levels (due to traffic, D2D, etc.). With a distributed resource allocation, the operator is likely to not authorize the UE to perform direct communication (or maintain the bare minimum). With a centralized resource allocation, the operator is more likely to give resources to D2D UEs since it can much better control interference.
It is noteworthy that at least part of the control plane will necessarily be provided by the eNB, when UEs are in-coverage, for both Options B.1 and B.2 because maintaining concurrent D2D Communication and LTE connectivity to EPC is also desired for the public safety UE. If the eNB exercises its control/authorization over D2D communication via RRC, then the level of control is almost equivalent for both Option B.1 and Option B.2, where Option B.2 could report its D2D traffic status to eNB via WAN connection

However, the public safety mission-critical tasks require highly robust D2D communications, our primary concern on resource allocation has been to ensure that there is no service discontinuity for all options. There are three scenarios should be considered.

1. The transmitting UE moves from in-coverage to out-of-coverage (RLF event)
2. The transmitting UE performs handover between cells with different D2D configurations, which includes RLF handover, backward handover or NAS Recovery. 
3. A group of public safety UEs could spread across multiple cells. Multiple eNBs are required to coordinate each other to perform scheduling for D2D group communications
The current D2D on LMR (Direct or Talk Around) is assigned with an exclusive narrowband channel and there is no service discontinuity as long as group members are within the communication range of the transmitter.

In the case of LTE D2D, for example, let's consider the simplest case of the RLF event from the link between UE and eNB, which might occur frequently for a group of indoor UEs performing D2D group communications (e.g. a group of firefighters rushing into a burning building, or a swat team entering a building in a hostage situation). The RLF detecting delay depends on N310 and T310, which are parameters configurable by the network. In a typical LTE network, after detection of bad link it could take between 1 to 2 seconds to declare RLF. In Option B.2, after declaring RLF, an UE must switch to Option B.1 (RLF handover) or A.1 (out of network coverage) for D2D scheduling. That is, the total delay of D2D service discontinuity (RLF detecting delay + D2D scheduling recovery delay) after an RLF event could be more than 1 or 2 seconds, which is unbearable to public safety users. Whereas, there is no D2D service discontinuity for Option B.1 or A.1 because they are independent of the link to an eNB or any centralized entity.

The impacts of each scenario on D2D group communication are measured in terms of failure rate and overall delay. Similar analysis and comparisons need to be performed for each scenario for all options. Once details of the solution are known and analysed, some optimizations could very likely to be developed to further reduce delay and improve failure rate. That is, we consider that it is premature at this SI stage to exclude an option without design details and quantitative analysis/simulations.

3 Conclusion
In summary, our primary concerns must be addressed during the process of down-selecting options or integrating options. Otherwise, LTE D2D won’t be deployed by public safety communities unless its robustness matching existing LMR capabilities. We need to be extremely cautious in this SI phase ruling out an option that mimic the D2D behaviour of current public safety LMR system. We propose keeping evaluating all options until details of potential solutions are revealed and analysed in the WI phase.
In the spirit of making progress toward developing robust and efficient D2D group communications for public safety in Release 12. The following compromised scheme is proposed as the starting point toward a way forward that addresses public safety concerns on delay of communications whilst protecting the network. This scheme separates the detection of out-of-coverage operation from RLF, where the network could provide some criteria for the UE to measure, and determine when it is most appropriate to use in-coverage and out-of-coverage resource allocation schemes. That is, there are some overlapping zones, called edge-of-coverage, between in-coverage and out-of-coverage, so that out-of-coverage resource allocation may be invoked in the zones while the UE is still within the boundaries of eNB signal. In that case, the “handoff” between in-coverage and out-of-coverage can be seamless.
Proposal 1: 

· When transmitting UEs are out of network coverage:

1) A UE on its own select a resource from a pre-configured resource pool to transmit on
2) Such configurations may be re-configured by the operator
· The details of how the resource pool is re-configured is FFS

· When transmitting UEs are in network coverage:

1) The eNodeB or rel-10 relay node will semi-statically allocate a resource pool for D2D communication

2) A UE will operate in three modes for resource allocation

· In coverage: eNodeB or rel-10 relay node will schedule the exact resource within the resource pool that will be used by a UE used for D2D transmission

· Edge of coverage: a UE on its own select a resource from the resource pool to transmit on

· Out of coverage: a UE on its own select a resource from a pre-configured resource pool to transmit on

· The details of how a UE selects the mode to operate on is FFS. 
· For example selection can be based on downlink received power
Proposal 2: The following scenarios should be considered for resource allocation schemes on failure rate and overall delay, which should be included in the performance metrics for D2D group communication.
1) The transmitting UE moves from in-coverage to out-of-coverage (RLF event)

2) The transmitting UE performs handover between cells with different D2D configurations, which includes RLF handover, backward handover or NAS Recovery. 

3) A group of public safety UEs could spread across multiple cells. Multiple eNBs are required to coordinate each other to perform scheduling for D2D group communications
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