Nokia Internal Use Only
Nokia Internal Use Only

3GPP TSG-RAN WG1 Meeting #74bis
R1-134535
Guangzhou, China, 7th – 11th October 2013
Agenda item:

7.2.8.1
Source:
Nokia, NSN
Title:
D2D Communication without network coverage
Document for:

Discussion and Decision

1
Introduction
In RAN1#74 D2D communications for public safety was discussed with a new direction focusing on D2D broadcast on PHY layer. It was further clarified in an agreement what broadcast communication actually means in this context [1]:
· Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 

In addition it was considered that several topics need further studies and decision:

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination

· Method of multiplexing between D2D and Uu 

In RAN#61 it was agreed to focus on the direct 1:many E-UTRA communication in the out of coverage scenario with the highest priority [3]. In this contribution we discuss how to support D2D communication in the case of without network coverage case. 

2
Discussion 

In RAN1#74 we discussed some general principles for the D2D communication in [2]. These principles were based on a target to reuse as much as possible of the LTE cellular functionalities and structures for the D2D communication. The focus in the D2D studies for the coming period is more on PS specific requirements and use cases with solutions specifically targeting this usage. Naturally, a design focusing on out-of-coverage broadcast based 1:many communication will clearly diminish the possibilities of synergies between commercial LTE D2D UEs and Public Safety specific UEs, with the latter supporting a dedicated set of features and capabilities not shared by the commercial UEs. Existing LTE concepts like scheduling, channels and signals could be utilized also in D2D communication. 
Nevertheless, we still see that the most fundamental structure in LTE should be reused:

· Reuse the same numerology as regular LTE cellular communication including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects into account, especially UE implementation.

· In general, try to reuse as much as possible of the existing LTE concepts for D2D communication.

· It is proposed that SC-FDMA is reused for D2D communication in order to optimize the coverage which is important for PS use cases.

One fundamental property of the D2D communication is the resource access scheme and resource allocation. In RAN1#74 both contention and contention free based schemes were discussed and considered as potential solutions [1]. In this contribution we will further discuss resource access related issues in out of coverage scenarios.
Proposal 1: Reuse regular LTE numerology including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects into account like UE implementation and coverage.
Proposal 2: In general, try to reuse as much as possible of the existing LTE concepts for D2D communication.

Proposal 3: SC-FDMA is to be reused for D2D communication in order to optimize the D2D coverage.
2.1
D2D communication framework
As discussed  in [2], extending LTE scheduling based resource allocation for D2D communication is suggested to be as a baseline solution. In the scenarios of without NW coverage a D2D UE acting as a cluster head (CH) takes the role of the eNB to assign exclusive resources to the UEs or UE groups. In a more developed case the CH may dynamically schedule the UEs on a time / frequency resource basis. In this section we discuss a D2D communication framework focusing on contention free operation, where the CH schedules the transmissions for broadcast or groupcast communication.
Some general principles for the design of D2D communication outside network coverage are summarized in the bullets below:
· A “Cluster Head” is controlling the radio resources reserved for Public Safety use outside of network coverage taking the role similar to the eNB of the case within network coverage. The cluster head can be a more powerful UE, which advertises itself as resource coordinator and which potentially might be under NW coverage.
· Synchronization is achieved and maintained with a procedure similar to periodic RACH between UEs and Cluster Head. Another option is that the CH transmits periodic synchronization signals, which the UEs are tracking.
· The UEs know the identity of the Cluster Head and have been pre-configured with BROADCAST and GROUP RNTIs used for broadcast and groupcast communication.
The main difference between the in coverage and out of coverage solutions is that the solution designed for in NW coverage can utilize the existing physical DL channels like broadcast channel and DL control channel and physical UL channels as PUCCH for the control of D2D operation, and therefore also has a smaller standardization and implementation efforts. In the case of out of network coverage, it is natural to restrict the communication to use channels of which the physical layer properties are derived from existing UL channels and signals. As we are trying to reuse the existing LTE channels and information structures as much as possible in another context, it is natural to give them new names in order to differentiate D2D and cellular concepts. Table 1 lists the cellular terminology and the proposed corresponding D2D terminology. 

Table 1. Correspondence between cellular and D2D channels
	
	Cellular terminology
	D2D terminology

	Physical Control Channel
	PUCCH / PDCCH
	D2D-PCCH

	Physical Data Channel
	PUSCH / PDSCH
	D2D-PSCH

	Control Information
	DCI
	D2D-CI


It is noted that some of the channels or information structures could be modified when used in the D2D context. For example, the D2D-CI could be significantly smaller for D2D due to the limited number of resources compared to LTE cellular DCIs. 

Below is some further assumption summarized that will form the basis for the D2D communication:

· Higher layer channels are mapped on D2D-PCCH / D2D-PSCH

· D2D channels utilize SC-FDMA
· Reduced size control information formats (i.e. D2D-CI) used for D2D control sent from cluster head on D2D-PCCH. The exact D2D-CI formats to be supported for D2D communications are FFS

· Actual D2D-PCCH design supporting D2D-CI is FFS

Proposal 4: In the out of network coverage case cluster head type of D2D communication control is recommended. The D2D control information (D2D-CI) can potentially be reduced in size compared to LTE cellular DCIs and is mapped on D2D-PCCH / D2D-PSCH transmitted from the cluster head.
Groupcast communication is type of communication where there are multiple recipients of the same message and the receiving UEs are configured in advance. Broadcast can be seen as a special type of group communication, where the receiving UEs are not specifically configured in advance and the message is intended for any authorized UE in proximity.

For the groupcast scenarios we have the following assumptions:

· A GROUP RNTI is pre-configured for each communication group.

· A BROADCAST RNTI is pre-configured for all UEs supporting D2D communication.
Furthermore, the baseline assumption of no closed-loop physical layer feedback implies on transmission with more robust modulation and coding.
Proposal 5: Base the D2D groupcast communication on the concept of a BROADCAST RNTI and on one or several GROUP RNTIs, which are pre-configured for each D2D group. The defined RNTIs can be referenced in regular D2D-CI formats when transmitting control information to UEs being part of the groupcast.

Two basic alternatives are envisioned to support groupcast communication:

· Alt 1: The UE sends data to the Cluster Head and the Cluster Head broadcasts that data to all UEs in group on the behalf of the UE.
· Alt 2: The UE explicitly requests permission from the Cluster Head to transmit the data to all UEs in the group. The Cluster head responds by giving the authority to the UE by sending a groupcast grant. After receiving the grant the UE will transmit the data.

Alternative 1, which is quite straightforward, could be more suitable for non-real time services but is not very practical for periodic messages like voice and other real time communication as the data always would be transmitted twice. Alternative 2 is on the other hand better suited for real time communication as the actual message is transmitted just once, and hence it is less likely that the maximum tolerated delays for the particular type of traffic are exceeded. For both alternatives, the groupcast coverage is in principle given by the coverage of the cluster head and not given by the coverage of the UE that tries to get the message to be transmitted to the group. Mechanisms that allow extension of the communications framework to reduce complexity and potential coverage restrictions are discussed in Section 2.2. The benefits and drawbacks of Alt1 and Alt2 should be further studied.
2.2
Semi-persistent resource allocation to D2D group communication

In section 2.1, we have discussed the framework for D2D communication. One of the critical issues needs to be studied further is resource allocation. How to efficiently allocate D2D communication resource to different groups and minimize the interference among D2D groups - static, semi-static or fully dynamic? In addition when considering D2D group communication, how to handle the resource usage among D2D groups and how a UE accesses the resource within a group? All these issues need to be discussed and solved. In the following these issues will be discussed by considering a simplified design for CH.

In principle the fully dynamic scheduling for group resources would lead to complex system design and high signalling overhead. It would require that the CH is capable of providing scheduling and supporting all the related functions in the same way as an eNB. Considering the focus of D2D communications on out of NW coverage scenario for PS usage, it is desirable that even the normal PS UEs (e.g. non-vehicle type of device) can take the role of CH without adding any unnecessary complexities. Hence, fully dynamic scheduling scheme might not be a suitable approach for D2D resource allocation. 
On the other hand, with fully contention-based solutions (i.e. contention between groups and also contention among UEs within the same group), the collision probability is likely to affect the reliability and timely information exchange among group members. For real-time communications, this essentially leads to outage for those D2D links affected by large number of collisions, thus limiting the maximum number of supported D2D communication groups in a certain area. In [4], it is required that a minimum number of 20 PTT Groups must be supported in a certain area. . 

An alternative to fully dynamic resource allocation is semi-persistent resource allocation, which introduces less control overhead and is also suitable for both scenarios of within NW coverage and out of NW coverage. Since semi-persistent operation is already supported in the current LTE specification, it is preferable to reuse and potentially extend the current semi-persistent resource allocation procedures for incorporating resource allocation to D2D communication groups. Moreover, semi-persistent resource allocation is also seen as more favourable than uncoordinated access in terms of interference coordination since different transmitters (and groups) will have different resources. And therefore:

Proposal 6: Considering the PS group communication requirements, complexity and efficiency, it is proposed that  semi-persistent resource allocation for D2D communication groups needs to be considered in RAN1.

In order to support the semi-persistent resource allocation, CH needs to support the simple scheduling functions such as providing resource configuration (for example including providing frame structure, frame number) and semi-static configuration of group resources. The resources allocated to different groups can be based on FDM, TDM or the combination of FDM and TDM. 

Assuming that resources are allocated to different groups, the next step is to provide a mechanism for utilization of those resources by UEs belonging to the different groups. Different options ranging from scheduling-based to full contention-based can be considered:
Alt.1: Scheduled by CH
· When one UE within one group wishes to transmit data to other members, firstly it will send scheduling request to CH. The UE sends the request on a common resource, which may be pre-defined or configured by CH. Details of such configuration are FFS. 

· Based on the received requests, CH can select the transmitting UE for each active group and inform the group members that there is an active transmission for the group. The resources are already known to the UEs due to the semi-persistent allocation of group resources. The transmitting UE needs to be identified as well in order to avoid intra-group collision in case two or more UEs requested transmission opportunity at the same time. 
· The UE who gets the grant confirmation will broadcast the data to all UEs in the group in the corresponding resources. The grant may be valid for one or more scheduling rounds, i.e. scheduling of the transmissions themselves can be dynamic or semi-persistent, depending, for example on cluster head capabilities and load. 
Alt.2: Scheduled by one device within the group 

Similar to Alt.1, but in this case there should be one UE within the group acting as resource allocation head within the group. This could reduce the complexity of CH and UEs within the group requesting resource from the group head. Details for management and selection of group head are FFS. 
Alt. 3: Contention based access within the group

In addition to scheduling based resource usage within the group, another option is to consider contention-based access. It should be noted that here the contention is limited within one group only, which is assumed to be less frequent than inter-group collisions in case of PTT applications. Such scheme potentially allows for simplified management of resources within the group, however due to the nature of contention-based operation, collision cannot be completely avoided.

The alternatives listed above have different trade-offs in terms of complexity to cluster-head and UE implementations, robustness, and scalability for large number of UEs and UE groups. Furthermore, by applying semi-persistent allocation of resources to D2D groups and / or transmitting UEs, the dependency on coverage of cluster head is lessened compared to full dynamic allocation. Considering the design complexity and targeting robust and efficient resource usage, it is proposed to further study alternatives above.
Proposal 7: Considering the design complexity as well as the required robustness and efficient resource usage, it is proposed to further study semi-persistent resource allocation for D2D groups and transmitting UEs. The details on the semi-persistent resource allocation and related mechanisms to improve robustness are FFS.
Even though we have considered in this contribution the problem of Groupcast and Broadcast communications from the point of view of without network coverage case, if such use case is to be supported also within network coverage it is natural to assume that the eNB could take the role of cluster head and coordinate the resource utilization accordingly. 
3
Conclusions
In this contribution we have discussed the D2D communication framework and resource allocation issues in order to efficiently support D2D groupcast & broadcast. 
Considering the general principle of designing LTE based D2D communication solution, we have the following proposals:

· Proposal 1: Reuse regular LTE numerology including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects into account like UE implementation and coverage.
· Proposal 2: In general, try to reuse as much as possible of the existing LTE concepts for D2D communication.

· Proposal 3: SC-FDMA is to be reused for D2D communication in order to optimize the D2D coverage.
On top of the general observation, we also discussed cluster type of D2D communication and the following proposals are made:

· Proposal 4: In the out of network coverage case cluster head type of D2D communication control is recommended. The D2D control information (D2D-CI) can potentially be reduced in size compared to LTE cellular DCIs and is mapped on D2D-PCCH / D2D-PSCH transmitted from the cluster head.
· Proposal 5: Base the D2D groupcast communication on the concept of a BROADCAST RNTI and on one or several GROUP RNTIs, which are pre-configured for each D2D group. The defined RNTIs can be referenced in regular D2D-CI formats when transmitting control information to UEs being part of the groupcast.

· Proposal 6: Considering the PS group communication requirements, complexity and efficiency, it is proposed that semi-persistent resource allocation for D2D communication groups needs to be considered in RAN1.
· Proposal 7: Considering the design complexity as well as the required robustness and efficient resource usage, it is proposed to further study semi-persistent resource allocation for D2D groups and transmitting UEs. The details on the semi-persistent resource allocation and related mechanisms to improve robustness are FFS.
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