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1. Introduction
Last RAN2#83bis Ljubljana meeting first discussed centralized resource allocation and autonomous resource allocation (e.g. CSMA like) for D2D communications.  There was no decision because of the following (among others) open issues as per the Chair’s:
*whether “it necessarily possible or good to use the same solution out- and in-coverage”.
Hereby we propose through the comparison of the two types of resource allocation to address at least the in-coverage scenario.

2. Discussion
The section proposes to give an overview of the pros and cons of the two main resource allocations schemes from submitted tdocs at the previous meetings and then to compare the two methods based on the criteria usually made in RAN2 such as QoS requirements, resource efficiency, interference management, signaling overhead, standardization impacts and power consumption.

2.1. Reminder of SA/RAN level requirements
Both from SA1 requirements in TS 22.278 as follows:
“The Radio Access Network shall control the radio resources associated with the E-UTRA ProSe Communications path. 
The operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe Communication between UEs, as long as both of these UEs are under E-UTRAN coverage and using operator’s spectrum.” 

and RAN requirement in RP-131377 as follows:
“There is an expectation that when a UE is served by the E-UTRA network, the network will perform radio resource allocation for Proximity Services Communication […]”,
resource allocation from the Network is anyways one to-be-provided option.

2.2. Reminder of Radio resource Allocation schemes for D2D Communications
The main focus is on 1:Many communication in network coverage and out-of-network coverage for 3GPP release 12 as per [RP-131377]. There are 2 main schemes of resource allocation:
· Centralized resource allocation approach:  In this case, a central entity controls the resource allocation. It can be either the eNB in network coverage or a cluster head in out-of-coverage case. The centralized approach is dynamic or semi persistent scheduling in which the UE is scheduled with resources for D2D transmission.

· Autonomous resource allocation approach: UE autonomously allocates resources itself from a pool of semi-statically configured radio resources. As such this approach should be based on some contention mechanism.
In order to choose between the two approaches, RAN2 needs to get a comparison in terms of performance, capacity and complexity. The next section will give some inputs on this comparison. 

2.3. Comparison of resource allocation schemes
The Table below is an attempt to show the arguments for  the pros and cons of the two main resource allocation schemes from the previous meetings’ documents.

	Resource allocation scheme
	Pros
	Cons

	Centralized resource allocation
(an entity allocates radio resources for UEs in the range)
	
	

	In-coverage: done by eNB

	+It is easier to handle interference and resource management for the D2D communication and to maintain performance [R2-132444]  [R2-132757], when done by the eNB rather than UE; +All the functions resources, interference and QoS are successfully performed and controlled by the network for regular cellular communications, meaning that utilizing network infrastructure is the most reliable approach for in coverage. [R2-133177]; Level of control (e.g. per each transmission on subframe basis) can be left to network decision [R2-132712]; +Coordinated mechanismallows to meet time delay requirements better than Type I (random access scheme) mechanism. [R2-133205]

+MAC scheduling MAC can be adopted as an extension to existing scheduling approaches currently used by E-UTRAN without a significant standardization effort [R2-133155]; Control and User plane impacts are well known to existing LTE and can be resolved quite easily [R2-133486]

+Interference and resource management is better than CSMA if radio resource allocation cooperates between coordinators efficiently. (multi-cell scenario) [R2-133370]
	-This approach increases complexity and control overhead [R2-132712]. 
-Additional complexity to support in-coverage multi-cell scenario. (R2-133569)



	Out-of-coverage: done by UE or Cluster Head (CH) acting as central node
	+will work if the network makes use of out-band resources for D2D communication [R2-132712]
	-This approach implies some overhead: the UE needs to ask for permission to the Central Entity in order to broadcast data and the Central Entity transmits the broadcast grant. [R2-133177]
-“Without network control, ensuring that communication between different pairs of D2D UEs do not interfere is challenging.” [R2-132467]
-Functions as (re)selection of and camping on a cluster head UE, synchronization provider to the group members, connection handling of the cluster head UE with multiple UEs would need to be specified in order to ensure a centralized resource allocation scheme. [R2-132433], [R2-133235]   ; 
-How much the cluster head UE can control (e.g. per each transmission on subframe basis) group/broadcast D2D resources would need to be specified. At least such control can not be as efficient as that of the eNB.
-The reliability of the D2D communications depends on the reliability of a single entity. If it gets unavailable, some mechanism should be designed to rapidly choose another Central Entity. [R2-133177]


	Autonomous Resource allocation
(each UE allocates itself radio resource, based on CSMA/CA-like mechanism

	+Control and User plane impacts are relative small in terms of specification change and implementation aspect. [R2-133486] [R2-133370]


	· -“opportunistically transmitting on a channel may not provide receivers with immediate indications of which broadcast channel is of interest for them […]. This may complicate reception and/or impact battery life” from [R2-132444] and [R2-133370]. 
· -Contention-based approaches tend to result in low MAC efficiency in high load scenarios, which may be associated with critical moments in the course of a public safety incident. [R2-133177], [R2-133177]; [R2-133177]
-System throughput drops dramatically due to collision as the number of UEs is increasing (R2-133155]; QoS cannot be guaranteed for critical traffic. This is critical to support voice, which is essential for public safety [R2-133155]


Table 1: Arguments of Centralized Vs. Autonomous Resource allocation scheme from previous meetings’ tdocs













From this Table, we can establish criteria to compare both approaches for the in/out coverage scenarios.. 

	 (
Resource Allocation 
approach
)
	Centralized resource allocation
	Autonomous resource allocation

	 (
Evaluation
 
c
riterium
)
	In-coverage scenario: done by eNB
	Out-of-coverage scenario: done by UE or Cluster Head
	

	System Robustness
	Higher
	Higher
	Lower

	QoS
	Higher
	Higher
	Lower

	Resource management  efficiency (including interference management)
	Higher
	Higher
	Lower

	Signalling overhead impact
	Higher
	Higher
	Lower

	Standardization impacts
	Equal (*)
	Maybe higher (**)
	Equal(*)

	UE power consumption impacts
	Lower
	Higher
	Higher

	Note (*) It has to be estimated whether the standardization impacts due to autonomous RA could be equivalent to the standardization impacts due to centralized RA given the signalling overhead in order to reach the same level of performance.
Note (**) Standardization effort would depend on how much specification is needed for example for selection and reselection of CH, synchronization provider to the group members, connection handling of the cluster head UE with multiple UEs.


Table 2: Comparisons of the resource allocation approaches

From this extensive comparison, we propose to capture the above table in TR.

Proposal 1: Capture Table 2 to TR.


It can be concluded that centralized scheme has generally less shortcomings than non-centralized scheme. 

At least for in-coverage scenario, from our network point of view, given that the eNB has more capacity than the UE and already manages the cellular communication, it seems straightforward for the eNB to also manage the D2D communication otherwise another entity would have to manage the cellular communications in addition to the D2D communications to address the radio interference issues. On another hand, from a UE point of view, in order to ensure acceptable quality of service for the end user and acceptable power consumption, we propose to consider the centralized resource allocation method. 

Hence we would like to make the following proposal:
Proposal 2: In LTE coverage, radio resources for D2D communications are controlled by the network.

3. Conclusion
We propose that RAN2 agrees on the following:
Proposal 1: Capture Table 2 to TR.

Proposal 2: In LTE coverage, radio resources for D2D communication are controlled by the network.
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