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1. Introduction
In the last RAN2 meeting, it was agreed that UEs in-coverage and out-of-coverage need to be aware of a resource pool (time/frequency) for D2D communication reception, but no conclusion was made on the resource allocation mechanism, e.g., CSMA or Coordinated Access based Resource Allocation for D2D communication. In order to further progress, one key issue to discuss is whether a central control node (i.e.., central entity, CE) is needed or not for D2D resource allocation [1-3]. 
Coordinated access for out-of-coverage or some partial in-coverage cases requires a CE node. In this contribution, we analyze the possible benefits and complexities of a CE node. Based on the analysis, we recommend that Rel-12 D2D communication resource allocation prioritize the CSMA-like mechanism without a CE node, and resource allocation based on central control is only considered if time allows. 
2. Discussion
In this section, we investigate on some key aspects regarding the pros and cons of a CE node, i.e, 

· Procedures related to CE
· Robustness 

· Resource efficiency and QoS fulfillment

· Interference management

2.1. Procedures related to a CE 
Following the discussions in [2], the key procedures surrounding a CE node are summarized in Table 1. 
Table 1 Procedures related to a CE node

	Procedures description
	Complexity analysis

	Acting as synchronization source
	This topic is still under discussion in RAN1. If all UEs have the capability of being a synchronization source, it shall not be considered as an extra complexity of the CE node.



	CE discovery and selection/re-selection


	The standardization/implementation complexities at least involve the following aspects:

· CE discovery, e.g., how to design the CE discovery signaling?
· CE selection, e.g., how to select a CE if multiple CE discovery signals are detected? 

· CE re-selection, e.g., how to judge current CE is unavailable and how to change to another CE?

	Resource management


	The standardization/implementation complexities at least involve the following aspects:

· How to notify the resource used for D2D communication resource request to D2D UE? Is it contention-based or non-contention based? If it is contention-based, how to solve the contention?

· The procedures and signaling design for assigning and releasing the D2D communication resource.


From Table 1, there are many issues need to be clarified to make the CE node workable. If quick deployment of D2D communication is needed, Coordinated Access based Resource Allocation with CE node is unrealistic considering the specification and implementation complexities.
Observation 1: CE-related procedures lead to considerable complexities from the perspectives of specification effort and UE implementation effort.
2.2. Robustness 
One concern raised on the CE node is its robustness due to “single point of failure”, e.g., if the CE node is down or moved out of range, the whole group’s D2D communication may be interrupted. Whether this is a critical issue to tackle in Rel-12 needs further investigation. In essence, the critical of robustness depends on whether the interruption time introduced by CE re-selection can fulfill the latency requirement of D2D communication service. However, unlike for GCSE where 300ms and 150ms latency requirements are specified for joining a group and media transport for Group Communications, respectively, the latency requirements for D2D communication has not been explicitly clarified. The discussion is also related to whether CE capability can be assumed for any D2D UEs, i.e., the possibility of finding another CE node in time is lower if only a fraction of the D2D UEs has the capability of CE, given the discussions in section 2.1. Therefore, the seriousness of the robustness issue is unclear and needs further discussions. 
Observation 2: Robustness of the CE-based D2D resource allocation mechanism needs further investigation.

2.3. Resource efficiency and QoS fulfillment
Another question raised in previous RAN2 discussions is whether the resource efficiency and QoS can be guaranteed without a CE node. For example, it was argued in [3] that a central node should be used to guarantee the QoS of some service types. However, if the typical use cases of Rel-12 D2D communication are focused on, this issue might not be that severe. For example, in section 4.2.1 of the TR 36.843, one typical use case is to have no more than 6-8 D2D ProSe Group Communication groups at an incident scene, while there should not be more than 12-16 users assigned to each D2D ProSe Group Communication group. Under such scenario, the degradation on resource efficiency due to collision and random fallback is likely to be marginal. Also, the likelihood that a service QoS is not fulfilled due to resource shortage and fallback is very low.
Observation 3: In terms of resource efficiency and QoS fulfillment, no much difference is foreseen with or without a CE node considering the typical use cases of Rel-12 D2D communication. 
2.4. Interference management
As discussed in [2], whether the interference from “a hidden node” can be solved by a CE depends on the accuracy of interference estimation. Firstly, even if the victim UE (i.e., D2D Rx UE) is able to detect a potential hidden node that is using the same resource as the D2D Tx UE, the measurement/reporting mechanism need to be clarified and specified for D2D communication. Secondly, the exact resource pattern/selection is still under discussion in RAN1, where one of the possible ways is to use random resource hopping within a resource pool across the communication periods, which makes the interference tracking more difficult. 
For the interference handling across multiple D2D groups, how much a CE node helps depends on the coordination mechanism among the CE nodes, which again needs standardization effort. On the other hand, even without a CE node, it is possible to divide the public safety spectrum to multiple subsets and allow interference sensing and resource selection in the subsets with less interference.  
Observation 4: In terms of interference management, benefits a CE node depends on the availability of UE’s report of interference and the accuracy of interference estimation at both UE and CE sides.
3. Conclusion
Based on the analysis, it is observed that the CE node will introduce much complexity from the aspects of standardization effort and UE implementation, while its benefit over the distributed CSMA-like mechanism is not clear, especially targeting on the Rel-12 D2D communication use case. Our key observations and proposals are summarized below.
 Observation 1: CE-related procedures lead to considerable complexities from the perspectives of specification effort and UE implementation effort.
Observation 2: Robustness of the CE-based D2D resource allocation mechanism needs further investigation.
Observation 3: In terms of resource efficiency and QoS fulfillment, no much difference is foreseen with or without a CE node considering the typical use cases of Rel-12 D2D communication.
Observation 4: In terms of interference management, benefits a CE node depends on the availability of UE’s report of interference and the accuracy of interference estimation at both UE and CE sides.


Proposal 1 Rel-12 D2D communication resource allocation prioritize CSMA-like mechanism without a CE node, and resource allocation based on central control is only considered if time allows.
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