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1. Introduction
Direct D2D communications were discussed in the last 3GPP meetings [1][2], and some agreements were made on the need of feedback for such broadcast communications [1], and the scenarios regarding the availabilities of  network coverage and dedicated spectrum [2]. How to allocate the resources to such public safety communications remains to be an open issue. The key question seems to be whether the resources are assigned by certain central control unit or the D2D users just compete for the resources in an uncoordinated manner. In this contribution, we will discuss on different resource allocation schemes. Our conclusions are summarized in section 3. 
2. Discussion
2.1 Direct Communications for public safety
 In the last RAN2 meeting the following agreement was made:

Public Safety Communication should be possible irrespective of availability of infrastructure coverage. Whether this needs to be achieved by D2D direct communication in all cases (e.g. in-coverage) remains to be studied. 

This implies the options which base the D2D data transmissions on network infrastructure (e.g., routed via eNB) are still open. However, based on the summary in [3], “ProSe communication path via eNB” will not be part of the RAN discussions for D2D communication in Rel-12 time frame. Therefore, in our view it is useful to clarify in RAN2 that further discussions in RAN2 will focus on D2D direct communication in all cases. 
Observation 1 Based on RAN plenary progress [3], further discussions in Rel-12 shall focus on D2D direct communication. 
2.2 Resource allocation mechanisms for direct D2D communications
The discussions below cover both in-coverage and out-of-coverage cases, as both are important use cases for public safety. 
First of all, considering the tight time budget in LTE Rel-12, in our view it is desirable to minimize the specification effort and strive for maximized similarity between solutions for in- and out-of-coverage cases. And, it is obvious that public safety needs to handle the case where the network infrastructures are destroyed (e.g., by nature disaster or other reasons), which means at least the functionalities for out-of-coverage case need to be supported. Based on this, it is of course possible to discuss further optimizations that require assistance from the network. 
Proposal 1 For direct D2D communications, solution for out-of-coverage case should be baseline, and optimizations may be considered for in-coverage case.
· Resource allocation mechanisms for out-of-coverage case
In the following of this section, we first discuss on three mechanisms, i.e., a) full scheduling, b) semi-static resource allocation, and c) CSMA-like resource allocation for out-of-coverage case. It is obvious that such mechanisms apply to in-coverage case as well. Then, we discuss on the possible enhancements of these mechanisms for in-coverage case. 

From resource allocation point of view, both a) and b) exist in the current LTE system. However, for out-of-coverage case, mechanism a) and b) require a central coordination entity (CE). At least the following aspects need to be discussed before the introduction of such CE, i.e., 
· Protocol stack within the CE node
· How to handle a CE’s mobility
· UE procedures of determining and re-selection of  CE
On the other hand, CSMA-like resource allocation doesn’t require a CE, but the UEs may be pre-configured the resource pool(s) and compete the D2D resources based on certain CSMA algorithm. In this case, the patterns of the resource pool(s) may be further discussed. The basic collision avoidance in CSMA can be similar to existing WLAN mechanism, but it can be further investigated whether any modifications are needed in the LTE system. 

Table 1 provides comparisons of the three mechanisms, i.e., a) full scheduling, b) semi-static resource allocation, and c) CSMA-like resource allocation.
Table 1 Comparisons of the resource allocation mechanisms

	
	a) full scheduling
	b) semi-static allocation
	c) CSMA-like allocation

	Need of a central entity (CE)
	Yes
	Yes
	No

	Resource Efficiency
	High
	Medium
	Low (depends on load and detailed CSMA solution)

	Signaling Overhead
	High*
	Medium
	Low

	Pre-configuration of Resources
	No
	No
	Yes (e.g., determination of the CSMA resource pool)

	Standardization Effort & Complexity
	High (mainly the procedures relate to a CE)
	High (mainly the procedures relate to a CE)
	Medium (mainly the CSMA mechanism)

	Flexibility of Interference Management 
	High
	Medium
	Low (possible to define multiple resource pools with minimized interference among pools)


* For in-coverage case, the increased signaling overhead due to dynamic scheduling may impact the capacity of the non-D2D communications. 
Based on Table 1, we observe the CSMA-like mechanism has relatively lower complexity and signaling overhead. One concern here may be the resource efficiency due to collision. It may be discussed further whether such efficiency issue is critical by taking into account the typical use cases for public safety (e.g., numbers like 6-8 D2D ProSe Group Communication groups mentioned in [4]).
Proposal 2 The resource efficiency of the CSMA-like mechanism may be further discussed based on typical use cases of public safety communications. RAN2 may consider CSMA-like mechanism as baseline for out-of-coverage case if resource efficiency is not critical issue for the considered use cases. 
· Possible enhancements for in-coverage case

For a) full scheduling and b) semi-static resource allocation, the main difference between in- and out-of-coverage cases is whether the resource allocation decisions are made by eNB or a newly introduced CE. The exact channels to convey the resource allocation signaling may also be different. In this sense, these are quite straightforward extensions than enhancements. 

For c) CSMA-like resource allocation, if in-coverage, it is possible for eNB to configure the CSMA resource pool(s), instead of just using predefined resources, e.g., to balance the resources used for D2D and non-D2D traffic, or to minimize the interference to and from the non-D2D traffic in the network (when there is no dedicated carrier for D2D communications). Furthermore, it can be further studied whether it is necessary to configure some parameters in CSMA algorithm via the network signaling, e.g., the backoff time, or the priority level in resource competing. 
Observation 2 Full scheduling and semi-static resource allocation can be easily extended from out- to in-coverage case. Possible enhancements of CSMA-like resource allocation for in-coverage case include configurable resource pools, or other necessary CSMA parameters. The potential gains for such enhancements may be further investigated.  
· Mixed scenario (subset of UEs are in-coverage)
In practice, there is one more scenario where only a subset of the UEs involved in D2D direct communications are in-coverage. Again, the resource allocation mechanisms for out-of-coverage case apply to such mixed scenario as well. For mechanism a) and b), one possible enhancement to such scenario is to use the UEs in-coverage as CE, and these CEs can receive resource configuration guidance from eNB, for similar motivations discussed in the previous use case. Otherwise, if CE node is itself out of network coverage, the resource allocation mechanism will be the same as for out of coverage case. For mechanism c), the main problem is how to forward the CSMA related configurations to the UEs out of the network coverage. It needs also further investigation that with such enhancements, whether the simplicity of mechanism c) still exists compared with mechanism a) and b). 
Observation 3 Full scheduling and semi-static resource allocation can be extended to the mixed in- and out-of-coverage case, by always using in-coverage UEs as CE. Extension of CSMA-like resource allocation to such mixed scenario increases its complexity, which may make it less competitive against the other mechanisms. 
3. Conclusion
In this contribution, we discussed on D2D communications for public safety. We first clarified based on the latest RAN plenary output that we shall focus on direct D2D communications, instead of other types based on ProSe communication path via eNB. We also discussed on the different direct D2D communication schemes for both in-coverage and out-of-coverage cases. We have the following observations and proposals in the contribution.
Observation 1 Based on RAN plenary discussions [3], the next step discussions will focus on D2D direct communication, instead of any other options based on path via eNB. 
Proposal 1 For direct D2D communications, solution for out-of-coverage case should be baseline. Optimizations may be considered for in-coverage case.
Proposal 2 The resource efficiency of the CSMA-like mechanism may be further discussed, based on typical use cases of public safety communications. RAN2 may consider CSMA-like mechanism as baseline for out-of-coverage case if resource efficiency is not critical issue for the considered use cases. 
Observation 2 Full scheduling and semi-static resource allocation can be easily extended from out- to in-coverage case. Possible enhancements of CSMA-like resource allocation for in-coverage case include configurable resource pools, or other necessary CSMA parameters. The potential gains for such enhancements may be further investigated.  
Observation 3 Full scheduling and semi-static resource allocation can be extended to the mixed in- and out-of-coverage case, by always using in-coverage UEs as CE. Extension of CSMA-like resource allocation to such mixed scenario increases its complexity, which may make it less competitive against the other mechanisms. 
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