


[bookmark: OLE_LINK1]3GPP TSG-RAN WG2 #83	R2-132445
Barcelona, Spain , 19-23th August, 2013

[bookmark: Title][bookmark: _GoBack]Title:	Discussion of control paths for D2D communications
Source:	BlackBerry UK Limited
[bookmark: Source]Agenda Item:	7.5.2	
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
The study item on proximity services [1] was agreed in at RAN #58. As part of this study item, direct device to device communication is to be studied in and outside of network coverage, specifically, from [1]:
Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:
to enable direct communication connection establishment between devices under continuous network management and control,  
 For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]

Discussion
In general, it is desirable to have common solutions for consumer and public safety solutions – and therefore similar solutions for in and outside of network coverage. However, it is also reasonable to optimize the system when in network coverage to utilize a minimum of system resources, mitigate interference, and make use of the network presence to minimize signaling and complexity for both consumer and public safety usage.  This optimization through increased network participation also enhances network control of the communications.

One of the primary issues for device to device communication is the aspect of control signaling. In particular, the determination of the control path is based on the level of control desired at the network, versus potential efficiency in signaling. Within network coverage, it is desired and required to at least have some control at the network for resource management, therefore it is desired to include at least some network control over device to device communications. 

Out-of-network coverage device to device communication must rely on control by one or more UEs in the communication; via coordination among one or more UEs. It should be noted that out-of-coverage scenarios with some centralized control (e.g. cluster head [2][3]) structures can be very similar in some aspects to in-coverage communication, with the exception that the cluster head is not assumed to be connected to the EPC network and would need other means of coordination with other cluster heads. Out-of-coverage scenarios with distributed control should also be considered in this study item as they have additional flexibility in that not all the participating UEs need to rely on a single device for allocation. 


This paper discusses issues regarding the control path for device to device communication within and outside of network coverage.
D2D communication Requirements
General requirements for D2D communications, as given by SA2 [4][5], specify continuous control of the radio resources by the network. In particular, the requirements state:
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.
Additionally, public safety requirements for D2D communication include functionality for broadcast and group communications.
As D2D communications can generally occur without proximity discovery operations [5], this document focuses on the communication operations after or without discovery.
General structure of D2D communications
Device to device communications is an integral part of the ProSe Study Item [1], and in particular for public safety applications. The overall structure of LTE communications may be changed to accommodate D2D communications, however this would add significantly to the complexity of the systems and devices and would be counterproductive to the goal of creating an economy of scale for public safety devices. Hence, it is beneficial to consider support for D2D communications with only minor changes to existing LTE structures, particularly when in network coverage or out-of-coverage with a resource controller (e.g. cluster head).
Configuration and Control
There are a variety of approaches to granting/managing resources and providing feedback for direct communication with an eNB or cluster head, depending on what is provided by the eNB versus the directly communicating UEs.  Figure 1 below shows three alternatives with varying levels of eNB involvement.


Figure 1. Various data and control path options for in and outside of network coverage

In each of A, B and C in Figure 1, the data transmission occurs from one device to another directly over the air. Each alternative can be summarized from a control perspective, assuming in-network coverage as follows:
· Alternative A: 
In this case, the eNB grants resources in a subframe and also relays HARQ acknowledgements from the UE receiving data to the UE transmitting data. The eNB has dynamic control of radio resources allocated to D2D communications, providing a high degree of scheduler flexibility and resource efficiency. The eNB is also aware of, and in control of, all other resource-related aspects and transmission parameters, and therefore it can optimize resource allocation within the cell. 
The eNB has direct knowledge of HARQ acknowledgements so it can immediately know when retransmissions are needed and can allocate resources accordingly. However, as the HARQ acknowledgments are relayed through the eNB, the HARQ process may have a higher latency, and so (depending on peak rate requirements) may require greater UE soft buffer sizes. In addition, this scheme has the highest amount of signalling overhead of the three alternatives as the UE requires UL resources (e.g. PUCCH) to transmit the HARQ acknowledgement, and the eNB requires DL resources (e.g. PHICH/PDCCH) to relay the information to the transmitting UE. Finally, as the resource grant information is sent from the eNB to the UEs, the eNB (E)PDCCH overhead grows in proportion to the number of direct communication links; however, semi-persistent scheduling can be used to reduce this signalling burden. 
· Alternative B: 
In this case, the eNB grants resources in a subframe, while the HARQ acknowledgements are transmitted directly from the UE receiving data to the UE transmitting data. As in Alternative A, the eNB is aware and in control of all other resource-related aspects and transmission parameters, and therefore it can optimize resource allocations within cell. The network still has dynamic control of D2D resource allocations as in alternative A; however, the eNB is not aware whether a transmission or re-transmission is required for a given transport block. 
As the HARQ acknowledgments are sent directly between the devices, the latency for HARQ process may be significantly shorter than in Alternative A which uses the eNB as a relay.  In addition, this reduces signalling overhead as the receiving UE does not require UL resources to transmit the HARQ acknowledgement to the eNB and the eNB does not require DL resources to forward the acknowledgement to the transmitting UE.  
As in Alternative A, the eNB (E)PDCCH overhead grows in proportion to the number of direct communication links, but this overhead can be reduced with semi-persistent scheduling (SPS). SPS is particularly useful in this control alternative as the UEs can manage their own retransmissions thereby eliminating the (E)PDCCH overhead from grants for the retransmissions as well as the complexity of controlling them in eNB. 
· Alternative C: 
In this final case, the eNB grants resources for D2D communications (e.g. via SPS or higher layer signalling), and the HARQ acknowledgements and all other resource-related control information are transmitted directly between UEs. Unlike the other alternatives, the eNB is not in dynamic control or as aware of all other resource-related aspects and transmission parameters, and therefore it cannot optimize resource utilization without additional signalling. The eNB may, however, put constraints on the parameters used by the UEs. On the other hand, because the information is direct UE to UE this feedback is low latency and uses a minimum of resources.

When operating outside of network coverage for public safety applications, Alternatives A, B, or C also apply to scenarios with a resource controller, such as a cluster head. In the case where control of resources is distributed in some manner, alternative C is the only option. Higher layer signalling of resources is replaced by some combination of statically configured resources and D2D negotiated resources.
Impacts and Tradeoffs
These three alternatives represent tradeoffs of maximum control and resource efficiency of D2D communication for complexity and control overhead.  With Alternative A, the eNB/cluster head has subframe-by-subframe control of resources and direct knowledge of HARQ acknowledgement status. Therefore, Alternative A can have high spectral efficiency for the data channel.  The costs of this spectral efficiency for the data channel includes higher control channel overhead and (depending on peak rate requirements) possible increases in UE soft buffer sizes.  Because alternative C relies on higher layer signalling based resource allocation, its data channel spectral efficiency is potentially reduced.  However, the direct communication of HARQ acknowledgement and other control functions mitigates the network control channel overhead costs of Alternative A, and the cost of potentially increased UE complexity due to direct UE-UE control signalling. Alternative B can be seen as a compromise between alternatives A and C, allowing dynamic control of D2D resources and lower latency of HARQ acknowledgements compared to Alternative A, although incurring costs such as higher control channel overhead compared to Alternative C.
For in coverage scenarios, network control is an important aspect to consider in this design. Resource control functions can be handled directly or indirectly; however, in order to ensure dynamic network control over resources and UE transmission parameters in general, the eNB may need to have direct control over these functions for the most general requirements. In order for the network to control these functions it must receive D2D related feedback. In order to facilitate this feedback, the network may provision a dedicated feedback channel, such as specially provisioned PUCCH for this purpose, or alternatively use specially provisioned higher layer signalling (e.g. MAC).
Proposal: Discuss dynamic D2D communication resource allocation by eNB, direct versus indirect control path feedback for HARQ, and other functions when D2D communication. 

Conclusion
In this contribution, we address three alternatives for control path in device to device direct communications. The three alternatives represent tradeoffs in complexity, network control, and flexibility. In the case of the common approach between out-of network and in-network coverage solutions, control signaled directly between UEs (Alternative C) may be the desired option. However it is not clear that this option has the desired level of spectral efficiency when operating within network coverage. Alternatives that make use of increased network participation at the cost of increased network signaling may be required to satisfy efficient operation under continuous network control.
Proposal: Discuss dynamic D2D communication resource allocation by eNB, direct versus indirect control path feedback for HARQ, and other functions.
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