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1. Introduction
In this paper, we discuss on resource allocation for D2D direct communication. Two alternatives, i.e., coordinated access or CSMA are compared. For coordinated access, there is a central control node (it may be an eNB for in-coverage case) which is in charge of the resource allocation for D2D broadcast communications. While for CSMA, there is no such central control node, but the resources are determined by the transmitting UE based on certain resource selection mechanism. Section 2 and 3 of this paper are for out-of-coverage case and in-coverage case, respectively. Section 4 provides some discussions for partial out-of-coverage case. Based on our analysis, we observe that both alternatives have their pros and cons, so we prefer to support both of them in LTE Rel-12.
2. Out of Coverage Case
In this section, we first describe how these two resource allocation alternatives work for out-of-coverage case, and then compare these alternatives from several aspects, e.g., complexity, efficiency, etc.
2.1. CSMA-based Resource Allocation

First of all, as the CSMA-based way does not need a central control node (similar functionality as LTE eNB from resource allocation point of view), its work procedure is actually similar for in- and out-of coverage case. Figure 1 gives an illustration of how the CSMA-based resource allocation works. In the example, it is assume that the D2D devices communicating with each other already achieved synchronization based on certain synchronization reference. 
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Figure 1 Illustration of CSMA-based Resource allocation

In the following we discuss some aspects of the CSMA-based resource allocation. 

· Resource pre-configuration and resource efficiency
A resource pool X is known by UE via pre-configuration. Before using a resource in the pool, UE senses whether the resource is busy.  Also, the exact resource formats in X is FFS, e.g., it is possible to define multiple resource granularities to address different traffic amount if needed. The mechanism can be similar as CSMA used in current 802.11/WiFi networks. For certain use cases, e.g., numbers like 6-8 D2D ProSe Group Communication groups and ~10 users per group as mentioned in [1], resource collision may not be a severe issue unless the amount of the dedicated spectrum is really limited. On the other hand, if for certain use cases the number of UEs grows large, the resource efficiency starts to decrease as the probabilities of finding a busy medium and using a backoff increases.  

· QoS 

If multiple QoS levels are supported by D2D communication, it is possible to use different CSMA parameters (e.g., back-off time length) to control the QoS. Similar as the analysis of resource efficiency, when the number of UEs is large, CSMA may not be sufficient to guarantee the QoS as the collision between UEs with same priority level cannot be solved by CSMA parameter setting as effectively as in the current LTE system. In this particular case, centralized resource allocation might be useful.

· Hidden node issue 
One potential issue of the CSMA-based resource allocation is the interference due to the “hidden node” [2]. For example, even if a UE #1 senses the resource A is free and uses it to transmit the D2D signal in a broadcast manner, it can possibly create interference to another UE #2’s broadcast signal, if the latter is out of the sensing area of UE #1. It is similar situation where an eNB can not know exact the interference level in its cell boundary without proper measurement and reports by the cell-edge UEs. 

· Expected standardization effort 

The standardization effort of the CSMA-based resource allocation is relatively low at a first glance. CSMA-like resource allocation doesn’t require a central control node, but the UEs may be pre-configured the resource pool(s) and compete the D2D resources based on certain CSMA algorithm. The basic collision avoidance in CSMA can be similar to existing WLAN mechanism. However, as there is no CSMA-like mechanism currently in LTE specification, the standardization effort of introducing such a new MAC functionality is still unclear. 

Some observations are listed here based on the discussions above.

Observation 1: CSMA-based resource allocation doesn’t require a central control node. 

Observation 2: Pre-defined D2D resource pool can be used as a basis of autonomous resource allocation.

Observation 3: The resource efficiency of the CSMA-based resource allocation decreases as the number of the D2D UEs increases. 

Observation 4: The QoS management of the CSMA-based resource allocation becomes more difficult as the number of D2D UEs increases. 

Observation 5: The standardization effort of introducing a new CSMA-based MAC functionality to LTE is unclear. 
2.2. Coordinated Access-based Resource Allocation

In Figure 2, an example of centralized resource allocation scheme is provided. 
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*SS/DS: synchronization signal/discovery signal sent by a CE node
Figure 2 Illustration of Coordinated Access-based RA

In the following we discuss on some aspects of the centralized resource allocation. 

· Need for a central control entity and its role 

A central control node, i.e., a cluster head (CE) is needed in order for centralized resource allocation out of the LTE coverage. The role of such CE may include transmissions of synchronization signal to all the group members, management of the CE-UE connection, scheduling decisions and resource grants to the members. Furthermore, whether the resource set for D2D communication resource request (i.e., R1 in the Figure 2) shall be broadcasted by the CE or is predefined is FFS. 
· Standardization complexity in the introduction of the CE
At least the following aspects need to be discussed and clarified. 

· Determination of the CE among all the D2D UEs: A mechanism is needed to determine the CE, e.g., one possible example is a D2D UE, if failed to detect any SS/DS from a CE, will start to act as a CE itself and transmit SS/DS (and indication of R1 if needed) in a periodic manner. 

· Handling of a CE’s mobility: Even if a group of D2D UEs have been assigned resources by a CE, it is possible the CE moves faraway so that it cannot serve the other UEs anymore. In this case, there needs to be a mechanism for the UEs to determine a new CE. 

· Protocol stack within a CE node: It needs to be clarified what is the difference between a UE-CE connection and the RRC connection in the current LTE specification. This is also related to the procedures of connection establishment and resource request as discussed above. Based on the clarification, it is possible to compare the end to end latency with the procedure in Figure 2 with that of Figure 1. 

· UE complexity

Once the above aspects related to a CE is clarified, it can be further discussed whether it is reasonable to assume all the D2D UEs are capable of acting as a CE. 

Some observations are listed based on the discussions above.

Observation 6: Coordinated Access-based resource allocation requires a CE node, whose roles may include transmissions of synchronization signal to all the group members, scheduling decisions and resource grants to the group members.
Observation 7: The procedures related to D2D resource request by a non-CE UE (e.g., determination of the resource set R1 in Figure 2, and the mechanism of resolving potential contentions of multiple non-CE UEs) needs to be clarified. 

Observation 8: At least the following aspects/procedures need to be clarified for the CE node, i.e., determination of the CE among all the D2D UEs, handling of a CE’s mobility, and protocol stack within a CE node.

2.3. Comparisons of the Two Alternatives

Table 1 summarizes the comparisons of the two alternatives based on all the above discussions. 

Table 1 Comparisons of the two Alternatives

	
	Alt.1: CSMA-based allocation
	Alt.2: Coordinated Access

	Need of central entity (CE)
	No
	Yes

	Resource efficiency
	Low with large number of D2D UEs
	High

	QoS management
	More difficult with large number of D2D UEs
	Easier, based on current mechanism

	Signaling overhead
	Lower
	Higher

	Pre-configuration of resources
	Yes (e.g., determination of the CSMA resource pool)
	Yes (for resource request by non-CE UEs)

	Standardization effort & complexity
	Need to introduce a new CSMA-based MAC functionality
	Several aspects/procedures related to a CE need to be clarified, as described in section 2.2. 

	Flexibility of interference management 
	Difficult to handle the hidden node issue, and the interference among the D2D groups
	Possible to handle the interference, but the efficiency depends on the accuracy of interference estimation 

	Latency in case of urgent D2D communication use cases
	Lower
	FFS, see section 2.2


Based on the discussions, we have the following proposal:

Proposal 1: Both CSMA-based and coordinated access-based resource allocations have their pros and cons. Both alternatives should be supported in LTE Rel-12. 
3. In-Coverage Case

The main difference between in-coverage case and out-of-coverage case is that eNB may act as a central control node for the former, e.g., in charge or resource allocation as in the current LTE system. In Section 3.1 and 3.2, we have further analysis on how these two resource allocation alternatives work for in-coverage case. 
3.1. CSMA-based Resource Allocation
For CSMA scheme, UE contends to get the D2D resources. Both transmitting UE and receiving UE obtain the D2D resource pool info via SIB. UE reads SIB can be done in IDLE mode, thus it is unnecessary to establish an RRC connection to the eNB. Prior to D2D broadcast.
Oberservation 9: For in-coverage D2D communication, if resource allocation scheme is CSMA, UE can transmit and receive in IDLE mode.
As discussed in section 2, although CSMA-based scheme may have its own issues and complexities, it has an important advantage that it can work without any extra central control node. On the other hand, it is straightforward to extend it to the in-coverage case, where eNB can configure the resource pool for CSMA, e.g., for better resource efficiency and interference handling. 

Proposal 2: If CSMA is supported for out-of-coverage case, it is straightforward to extend it to in-coverage case. 
3.2. Coordinated Access-based Resource Allocation
Firstly, we discuss on the RRC states of the D2D UE, if D2D transmissions or receptions are needed. 
Transmitting UE:

For D2D transmitting UE, it needs to establish an RRC connection with the eNB to request the announcing resource allocation from eNB. Compared with the out-of-coverage case, it is much easier to use coordinated access-based resource allocation for eNB can act as a CE. The existing eNB functionalities can be reused as much as possible, which means most of the standardisation complexities discussed in section 2.2 no longer exist. 
Proposal 3: For in-coverage D2D communication, if resource allocation scheme is coordinated access, transmitting UE needs to establish an RRC connection with eNB.
Proposal 4: Coordinated access-based resource allocation shall be supported for in-coverage case due to its low complexity. 
Receiving UE:

For D2D broadcast communication, there isn’t a destined receiving UE. It is unnecessary to pull all receiving UEs to establish RRC connections. As long as UE is aware of the resources for D2D communication, it does not need to enter RRC connected mode and can receive data in RRC IDLE mode. How UE can obtain resources for D2D communication in IDLE mode? It is quite straightforward to introduce D2D communication resource pool in SIB. Receiving UE receives data transmitted on all resources in the resource pool.

Proposal 5: If UE can receive D2D data in IDLE mode, it needs to know the resources for D2D communication. And eNB should broadcast the D2D communication resource pool in SIB.

In the following, the interference issue with coordinated access-based resource allocation is discussed. 

· D2D communication between UEs in different eNBs.

This scenario described in figure 3. UE3 is transmitting UE, UE1, UE2, UE4 and UE5 are receiving UEs. UE1 and UE2 monitor the resources in D2D communications resource pool broadcasted by eNB1. UE4 and UE5 monitor the resources in D2D communications resource pool broadcasted by eNB3. If D2D communications resource pools broadcasted by eNB1, eNB2 and eNB3 are different, receiving UEs can’t receive D2D data transmitted by UE3 on the resources in the resource pools broadcasted by eNB1. 
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Figure 3. D2D communication between UEs in different eNBs

Based on the analysis of this scenario, we can give a proposal below:

Proposal 6: Like MBSFN Area, at least parts of resources in resource pool for D2D communication are common for all eNBs in a D2D area.
· The interference of close UEs in different eNBs use the same resource to transmit.

This scenario described in figure 4. UE3 broadcasts D2D data to UE1 and UE5, UE4 broadcasts D2D data to UE2. eNB2 schedules resources for UE3, eNB3 schedules resources for UE4. If eNB2 and eNB3 schedule resources without any assistant information, they maybe assign the same resources for UE3 and UE4. UE1, UE2 and UE5 receive the different D2D data on the same resources, the interference will affect D2D communication. 
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Figure 4. The interference of close UEs in different eNBs use the same resource to transmit.

Based on the analysis of this scenario, we can give a proposal below:
Proposal 7: Transmitting UE reports its position or interference received on the resources in D2D communications resource pool, eNB schedules resources referring to UE’s reports.
4. Partial Out-of-Coverage Case
The partial out-of-coverage case refers to the case when some of the group involved in D2D communications are within LTE coverage, and the others are not. Firstly, it is useful to clarify whether the resources used for D2D communication in this case is the LTE spectrum or just some dedicated spectrum of public safety. 

· For CSMA-based resource allocation, it depends on the predefined/configured resource set X, i.e., if X contains LTE resources then it is possible to use LTE spectrum in this case. If the UE that transmits D2D signal are within LTE coverage, it is possible for the network to control the selection of D2D resource, based on the assumption that the selected resources shall be part of the predefined set X. However, to include LTE resources in the set X may lead to interference to non-D2D service, therefore such definition needs to be carefully evaluated. 

· For coordinated access-based resource allocation, if the CE is itself out of LTE coverage, it shall avoid using LTE spectrum as the interference to LTE may be out of control. On the other hand, if the CE is within LTE coverage, it is possible to use network assistance to minimize interference to and from non-D2D communications in the LTE network. 

Observation 9: For partial out-of-coverage case, it is safer to always use dedicated public safety spectrum for D2D communications to avoid interference, except for the case of coordinated access-based resource allocation, when the CE is itself within LTE coverage. 

From the analysis above, for partial coverage, the main challenge is if UE can receive both LTE resources and dedicated resources of public safety simutaneously.

Proposal 8: RAN2 should discuss if UE can receive both LTE resources and dedicated resources of public safety simultaneously.
Observation 10: The analysis in section 2 in general applies to partial out-of-coverage case, therefore we have similar preference on the resource allocation schemes as in Proposal 1 for out-of-coverage case. 
5. Conclusions

In this contribution, we discuss on resource allocation mechanisms for D2D communication in out-of-coverage and in-coverage cases. Based on the discussions in section 2 and 3, we have the following proposals:

For out-of-coverage case:

Proposal 1: Both CSMA-based and coordinated access-based resource allocations have their pros and cons. Both alternatives should be supported in LTE Rel-12. 
For in-coverage case:

Proposal 2: If CSMA is supported for out-of-coverage case, it is straightforward to extend it to in-coverage case. 
Proposal 3: For in-coverage D2D communication, if resource allocation scheme is coordinated access, transmitting UE needs to establish an RRC connection with eNB.
Proposal 4: Coordinated access-based resource allocation shall be supported for in-coverage case due to its low complexity. 
Proposal 5: If UE can receive D2D data in IDLE mode, it needs to know the resources for D2D communication. And eNB should broadcast the D2D communication resource pool in SIB.

Proposal 6: Like MBSFN Area, at least parts of resources in resource pool for D2D communication are common for all eNBs in a D2D area.
Proposal 7: Transmitting UE reports its position or interference received on the resources in D2D communications resource pool, eNB schedules resources referring to UE’s reports.
For partial out-of-coverage case:

Proposal 8: RAN2 should discuss if UE can receive both LTE resources and dedicated resources of public safety simultaneously.
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