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1   Introduction

Based on the working assumption in RAN1 [1] as shown below, we focus on public safety in the out-of-LTE coverage scenario, further discuss the pros and cons of centralized/scheduled and decentralized/distributed resource allocation approaches.
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. 

This contribution is organized as the following: First, since whether the centralized or decentralized medium access control mechanism is preferred for D2D broadcast communications is still not yet decided by RAN2 [2], we discussed the pros and cons of the centralized/scheduled and decentralized/distributed resource allocation mechanisms in the out-of-LTE-coverage scenario in Section 2.1. Then, we listed the possible problems in decentralized/distributed (i.e. CSMA-like) mechanisms in Section 2.2. The conclusion goes to Section 3.
2
Scheduled or Distributed Mechanisms in Out-of-LTE-Coverage Case?
2.1 Comparison of Resource Allocation Mechanisms in Out-of-LTE-Coverage Case
Focused Scenario : 
In this contribution, we focus on one-way 1:M D2D broadcast communications for public safety using PTT (Push-to-Talk) in the out-of-LTE-coverage scenario. This scenario mostly may happen when the disaster comes and the infrastructures are destroyed. Thus, all the D2D UEs have no network support. In such scenario, D2D broadcast communication for public safety is especially important. TR 36.843 [3] studies public safety only for D2D communications in the out-of-network coverage case. The traffic is assumed to be PTT, which is half-duplex with low packet rate and fixed packet interval.
Complexity :
The most important and initial problem of scheduled mechanisms is who/which device operates as the scheduler/cluster head to allocate the resources. Based on the considered scenario, in which the disaster comes unpredictably, a scheduler/cluster head selection algorithm should not only be quick and robust but also allocate the resource efficiently. 
However, due to the mobility of D2D UEs and link level limited issue [7], the selected scheduler/cluster head may not always be the optimal and suitable one. Thus, this might result in the tradeoff between the complexity of the selection algorithm and the efficiency of resource allocation.
Distributed mechanisms are comparatively less complexity since no cluster head selection is required. Before accessing the resources, the D2D UEs only have to listen to the D2D Synchronization Source on the PD2DSCH for D2D synchronization signal, or broadcast their synchronization information if they cannot detect the D2D Synchronization Source around based on the RAN WG1 report to TSG [9] as followed.
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Overhead :
The overhead of power consumption should be considered when the centralized/scheduled resource allocation mechanisms are applied. If the link budget limited is considered, the power consumption of the selected scheduler/cluster head cannot be ignored [7][8] in order to cover all D2D UEs. The selected scheduler/ cluster head has to satisfy the D2D UEs at the boundary so that higher transmission power is required to notify those D2D UEs.  Signalling overhead is another issue especially when the number of D2D UEs increases. On the other hand, no signalling overhead when the distributed resource allocations are performed since the distributed mechanisms are mainly contention-based [8].
Feasibility :

The centralized/scheduled mechanisms always encounter the problem of a single point of failure [4]. That is, all D2D UEs must be within the coverage of the scheduler/cluster head. However, especially in the public safety and emergency case, the mobility of D2D UEs cannot be neglected, so that all D2D UEs cannot be guaranteed always in the coverage of the scheduler/cluster head. If the scheduler/cluster head is no more suitable, for example, battery shortage of the scheduler, D2D UEs outside the coverage, broken scheduler, etc., the system faces the complexity of scheduler/cluster head selection again. On the other hand, the distributed resource allocation mechanism (e.g. CSMA-like) is comparatively flexible and suitable for out-of-LTE-coverage scenarios.
Observation 1: Due to the complexity (scheduler selection), overhead (power consumption and signalling), and feasibility (a single point of failure) of centralized/scheduled resource allocation mechanisms, distributed mechanisms may be more feasible for the out-of-LTE-coverage case.
2.2 Challenges in Decentralized/Distributed Mechanisms
Distributed mechanisms can have several variants, which depends on contending for data transmission or contending for resource request/allocation [4]. The key focus on the proposed distributed mechanisms is to decrease the collision probability of data transmission as much as possible for D2D broadcast communication in out-of-LTE coverage case. Based on the conclusion of TR23.703 by SA2, decentralized mechanisms to minimise collisions are critical [10] as shown below.

[image: image2]
Collision is the most important factor that degrades the performance of decentralized/distributed mechanisms (i.e. CSMA-like). In CSMA/CA mechanism, RTS, CTS, and ACK can eliminate the collision level and partly solve hidden terminal problem and exposed terminal problem. However, neither L2 (MAC/RLC/PDCP) feedback nor HARQ is allowed in one-way 1:M D2D broadcast communications (based on RAN2’s working assumption [2]). The possible simplified version of CSMA applied in D2D communications was discussed by [6] during RAN2 #84 meeting. But, how to decrease the collision issue is still unsolved. Therefore, we discuss four cases that the collision might occur in one-way 1:M D2D broadcast communications based on public safety only with PTT traffic.
Case 1: If there is no broadcast yet, D2D UE TX1 and D2D UE TX2 transmit at the same time while they can hear each other, as shown in Fig. 1. 
Case 2: If there is no broadcast yet, D2D UE TX1 and D2D UE TX2 transmit at the same time while they cannot hear each other, as shown in Fig. 2. 
Case 3: If there is existing D2D broadcast communications (e.g. D2D UE TX1 is broadcasting), D2D UE TX2, one of the receivers of D2D UE TX1, intends to broadcast at the same time while it can hear the existing broadcasting, as shown in Fig. 3.
Case 4: If there is existing D2D broadcast communications (e.g. D2D UE TX1 is broadcasting), D2D UE TX2 intends to broadcast at the same time while it cannot hear D2D UE TX1’s broadcast, as shown in Fig. 4.
	No D2D broadcast communications yet

	[image: image3.png]



Fig. 1 Collision problem - Case 1
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Fig. 2 Collision problem - Case 2

	Existing D2D Communications
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Fig. 3 Collision problem - Case 3
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Fig. 4 Collision problem - Case 4


Since the density of D2D UEs is not high [5] (i.e. 1, 2~3, 5~8, 18~33 D2D UEs per cell), distributed mechanisms can be the candidates for 1:M D2D broadcast communications in the out-of-LTE-coverage scenario, especially due to its flexibility. If this distributed mechanism (e.g. CSMA-like mechanism) can further solve/decrease the collision probability resulted from the above four collision cases as shown in Fig.1 to Fig. 4, the D2D broadcast communications can be more robust.
Observation 2: The proposed distributed resource allocation mechanisms should solve/decrease the collision level resulted from the cases in Fig.1 to Fig. 4 as much as possible.
Observation 3: Because distributed mechanisms can have several variants, which depend on contending for data transmission or contending for resource request/allocation [4], contending for resource request/allocation can be a candidate to minimise the data collision.
3
Conclusion

In this contribution, we base on the working assumption in RAN1 and consider one way 1:M D2D broadcast communications with PTT traffic in out-of-LTE-coverage scenarios. We discussed the pros and cons of centralized/scheduled and decentralized/distributed resource allocation mechanisms respectively.
Observation 1: Due to the complexity (scheduler selection), overhead (power consumption and signalling), and feasibility (a single point of failure) of centralized/scheduled resource allocation mechanisms, distributed mechanisms may be more feasible for the out-of-LTE-coverage case.
Proposal 1: In the out-of-LTE-coverage case, the distributed resource allocation mechanisms should be first investigated because of its feasibility and flexibility.
Then, we investigated potential problems in the distributed resource allocation mechanism without L2 feedback [2]. We listed four situations the collision might happen. The number of D2D UEs, leading to collision, can be slightly ignored first [5]. 
Observation 2: The proposed resource allocation mechanisms should solve/decrease the collision level resulted from the cases in Fig.1 to Fig. 4 as much as possible.
Proposal 2: The proposed resource allocation mechanisms should solve/decrease the collision level resulted from the cases in Fig.1 to Fig. 4 as much as possible since there is no L2 feedback and no HARQ.
Proposal 3: One of the variants of decentralized/distributed resource allocation methods, i.e. contending for resource request/allocation, can be a candidate to minimise the data collision. 
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The following working assumption was agreed to for D2DSS transmission procedure by a UE


Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 


If a synchronization source is detected, the UE may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.


Synchronization sources which are eNodeBs have a higher priority than synchronization sources which are UEs


If no synchronization source is detected, a UE may nevertheless transmit D2DSS


A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s) 








8.2	Conclusions for ProSe one-to-many communication decentralized mode


Normative work needs to proceed as follows:


…..


-	Distributed architecture: all UEs being equal in data traffic transmission, there is no single point of failure;


…


-	UEs are configured with a set of information that would allow one-to-many communication to work;


…


-	A mechanism for providing the aforementioned information to UEs needs to be standardised in Rel-12;


-	Network independent procedures for one-to-many communication are to be standardised in Rel-12;


As the result of the SA2 study phase 1-many communication solution may require the definition of the following functionality by the RAN groups (non-exhaustive list):


……


-	Mechanism for radio resource management and how to signal/configure the radio resources to the UE;


-	Mechanism to minimise collisions on the transmitter side.









