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1 
Introduction
In RAN2 #83bis, two medium access control mechanisms (i.e. coordinated or uncoordinated) for D2D broadcast communication were discussed. 

In this paper we study several open issues related to these two candidates, considering out-of-coverage, in-LTE-coverage and partial coverage cases. In the first part of this contribution, we outline the challenges of each solution, especially estimating the signaling overhead for coordinated access approach. Then, we focus on the out-of-coverage case in order to understand what functionalities are potentially required by a centralized control entity. In the final part, we present some solutions to address the challenges of enabling D2D broadcast communication for in-coverage and partial coverage cases.
2 
Discussion on signaling overhead
There are two types of resource allocation being considered for broadcast communication in RAN2 so far: 

· Coordinated access: In this approach, a centralized controller is responsible for assigning one broadcast channel from the central D2D resource pool to a communication path for temporary or semi-static use.
· Uncoordinated access: In this approach, UE can select resource for a broadcast channel autonomously based on a predefined MAC protocol. 
Coordinated access is a kind of centralized resource allocation, which is used in current LTE system. There are two main advantages of this approach in terms of collision avoidance and guaranteed upper boundary of peer-to-peer delay for the typical VoIP traffic. The major challenge is increased signalling load due to RRC connection establishment/maintenance to the central controller and resource grants for broadcast communication. How much the signalling load is significant depends on two main factors: the number of D2D UEs who initiate the broadcast communication and the amount of signalling messages associated with one broadcast communication setup. In RAN1, the following informative text for Public Safety of D2D ProSe communication was agreed to be captured in the Annex of TR 36.843 [1]
	A.4.2.1
Basic operations

· With concurrent on-network operation, there would not be more than 6-8 D2D ProSe Group Communication groups at an incident scene.

· With concurrent on-network operations, there should not be more than 12-16 users assigned to each D2D ProSe Group Communication group but the group size could be expanded to 50-70 users to accommodate a search and rescue team.
· Geographic area of operations for D2D ProSe Communication could be up to 1.5 mile radius per incident scene.

……………………………


Based on assumption above, we analysed the signalling overhead for 2 different cell layouts for in-LTE-coverage case. Note that we only indicatively estimate the first factor (i.e. the potential number of D2D UEs within one cell), as summarized in Table 1, considering the second factor (e.g. the number of signalling messages associated with each broadcast communication) is highly dependent on the detailed L1 design (e.g. SR/PRACH, etc.), which is being discussed in RAN1. In our analysis, two cell layout cases are considered, Case 1 (i.e. ISD = 500 m) and Case 3 (i.e. ISD = 1732 m). We label the 12-16 users within each group as “Use case 1” and the expanded to 50-70 users per group as “Use case 2” in Table 1 respectively. We assume eNB with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius and R = ISD/3 for each cell layout case based on TR 36.942 [2]. Then the total number of D2D UE for one cell can be roughly calculated as follows assuming UE is uniformly distributed cross 3 sectors around the one eNB: 
Number of D2D UEs of one cell = number of UEs per incident scene * Area of one cell/Area of incident scene.
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Figure 1: One example of cell layout (Case 3) 
Table 1: Estimated D2D UE numbers for each cell for in-coverage case
	
	Use case 1
	Use case 2

	Cell layout
	Case 1
	Case 3
	Case 1
	Case 3

	# D2D UEs per cell
	1
	5~8
	2~3
	18~33


As shown in the Table 1, it seems signalling overhead issue is not serious problem at least for cell layout case 1 given that the number of D2D UEs per cell is 1. It is in line with RAN1 assumption that 3 transmitter UEs per cell is for evaluation. Furthermore, we note that the practical signalling overhead also depends largely on the ratio of UEs who operates both D2D and cellular communication and a given total number of D2D UEs per cell because cellular communication UE is already in RRC_CONNECTED mode and thus the signalling for RRC connection setup is not additionally required for D2D UEs. If the ratio is large in one cell, then the amount of increased signalling overhead may still be more or less negligible even in the case that the number of D2D UEs within this cell is large. 
Observation 1: 

· Signaling overhead to coordinate resource allocation of D2D communication is not a critical issue for coordination solution for in-coverage case at least for the scenario of cell layout case 1.
For uncoordinated access approach, the main question that needs to be solved is how to avoid the potential collision among transmitters, especially considering the fact that no closed loop physical layer feedback is used for broadcast communication. If the resources selection is contention based, collisions would occur as the traffic increases, thus impacting capacity. Especially, we have observed that majorities of transmitters have overlapped areas and thus may create significant interference at a receiver side if two or more transmitters select the same radio resources. Consequently, 10 ~ 30% of UEs cannot receive even the best signal within RSRP range due to the high interference if no coordinator is present [3]. It is deemed necessary to carefully assess the feasibility of this solution, especially the specification complexity and system benefits (throughput, robustness, etc.). Some solutions to reduce the collision probability is desirable.   
3 
Details of coordinated scheduling
In the following sections we study how these two general schemes apply to various scenario and what specific impacts need to be discussed in RAN2 based on chairman notes proposed for RAN2 #84 meeting. In addition, some considerations to address potential design challenges are also provided. 
3.1  
Out of Coverage
According to Section 7.5.3.1 captured in the chairman notes for RAN2 #84 meeting, the following topics need to be discussed for out-of-LTE-coverage case:

	Out-of-LTE-coverage: Need for a central control entity? If so, is it still “out-of-coverage”? What does this node do? What is the benefit? Does a UE setup an RRC Connection to that node?


The main motivation to introduce a centralized control entity for the out-of-coverage case is to coordinate the broadcast resources utilization and avoid the collision among D2D UEs under the control entity coverage area, thus maximizing the spectral efficiency. We use the term Peer Radio Head (PRH) in the following description instead of central control entity to discuss its potential function. We see the following potential functionalities of PRH: 
· Synchronization source: RAN1 just agreed [5] that there could be synchronization sources transmitting at least a D2D Synchronization Signal (D2DSS), which may be used by D2D UEs at least to derive time/frequency. PRH could serve as a common synchronization reference source by periodically transmitting the D2DSS for neighboring terminals and then establishing its own synchronous cluster in a given geographical area. 
· Radio Resource Management (RRM): Some RRM functions may be required for PRH in out of coverage case, including interference management (IM) and resource allocation (RA). Considering implementation complexity and cost in mind, we believe PRH should not provide a comprehensive set of RRM functions like eNB, instead only support part of the RRM functionality. A part of the eNB’s RRM functions can be shifted from PRH to the D2D terminals, such as Modulation and Coding Selection (MCS) for the communication links between peers. The intra-cluster interference could be avoided if the data transmission within cluster is controlled by PRH, as an eNB does. Additionally, a PRH may coordinate with neighboring PRHs or may make use of the relatively long-term energy-sensing principles for the selection of non-overlapping D2D resources to mitigate inter-cluster interference in time domain. Supporting TDM for D2D resources of different clusters and FDM for D2D resources within one cluster can significantly simplify the receiver to handle the in-band emission as being discussed in RAN1. In addition, a PRH may request the members of its cluster to report interference condition on different resources and detect other PRHs in its range in order to further adjust its own decision on D2D resource pool configuration. Also, it is our understanding that each UE may or may not setup an RRC connection to the PRH before the UE initiates broadcast communication, depending on whether PRH tightly controls the resources for the UEs in vicinity or UE can randomly select one D2D broadcast communication resource from the resource pool allocated by the PRH that it is synchronized with. 
Observation 2: 

· PRH may be responsible for synchronization and may support partial RRM functions to establish its own synchronous D2D cluster. 
In general two concerns were raised on PRH-based RA during last meeting. The first concern was the increased complexity and implementation cost due to additional functions as enumerated above. So, we should strive for a minimized functionality of PRH definition, if justified. In addition, a concern was raised that specification effort is needed to define a PRH selection mechanism. One simple way is that UE just selects the PRH who has the strongest received power at UE side to ensure better connection. Note that, even for distributed resource allocation without PRH, additional standard efforts would be required to prevent collision due to the important “high reliability” requirement of public safety use case. Thus, the second concern should not be seen as a drawback of the PRH-based approach. We think the final choice of resource allocation for D2D broadcast communication is a trade-off between performance benefits and complexity/cost of implementation. Currently, RAN1 is conducting system level performance evaluations for each candidate solution. The quantized simulation results (e.g. successful VoIP connections and throughput. etc.) from RAN1 could help RAN2 discussion on the benefits with PRH setup in out-of-coverage case. 
Figure 2 shows a signalling flow of resource allocation for broadcast communication in out-of-coverage case assuming PRH is present. Such signalling interaction between PRH and UEs is required for centralized coordination access. It is assumed that UE_1 wants to initiate broadcast communication. The high-level procedure for broadcast resource acquisition includes the following steps: 
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Figure 2: Broadcast/Groupcast communication resources acquisition procedure for out-of-coverage case
1. A Prose-enabled UE is configured for broadcast/group communication. L2 identities or security keys are predefined in out of coverage. 

2. PRH broadcasts the information about the radio resources reserved for D2D broadcast communication to UEs within its coverage. For example, a set of periodic subframes for D2D communication can be signalled. If the UE receives the common resource information, the UE starts monitoring and receiving the potential D2D Broadcast/Groupcast Communication. Note that different PRHs may configure orthogonal D2D resource pool in order to avoid interference between neighbouring clusters. 
3. UE1 requests PRH to allocate resource. 
4. PRH allocates resource for transmission to UE1. Note that considering that VoIP traffic is main use case for public safety, D2D resources for each session can be assigned on a long-term basis with a periodic pattern. 
5. At the final step, UE_1 sends the broadcast data on the allocated D2D radio resource. 
For the out-of-coverage case, we assume the step of synchronization with PRH has performed at the D2D UEs side according to RAN1 agreements and be able to receive the broadcast information which is transmitted on known resources (step 2). Furthermore, we note that multi-TTI transmission on a long-term periodical basis maybe needed to extend the data range in out-of-coverage case and reduce the physical layer control overhead (step 4), but we also note that the details of this method should be left for RAN1 [2]. For example, the amount of scheduling signalling happened in step 3 and step 4 can be reduced by allowing the UE to randomly select the D2D broadcast resources from the resource pool (i.e. as in step 2) based on some energy-detection schemes. 
3.2 
In coverage case

For in-LTE-coverage case, the following topics need to be discussed based on chairman notes for RAN2 #84 meeting:

	In-LTE-coverage: Does a UE need to establish an RRC Connection to the eNB? Or can it also remain IDLE? If so, why? Is the D2D transmission fully scheduled, semi-persistently scheduled or just contention based within a larger pre-allocated resource? 


For in coverage case, eNB can be responsible for scheduling broadcast communication in data transmission region for D2D communication. The signaling flow shown in Figure 2 could be directly reused by replacing “PRH” with “eNB”. The eNB broadcasts (e.g. D2D-specific SIB) the information about the D2D resource pool for broadcast communication. With this approach, the maximum commonality between in-coverage and out-of-coverage cases can be achieved. 
Regarding to whether establishing an RRC connection to the eNB prior to D2D transmission or not, we think it is dependent on the chosen resource allocation scheme, similar to the D2D discovery case. If resource is allocated per UE with dedicated RRC signaling, RRC connection establishment is required to acquire the resource from eNB. On the other hand, the RRC connection establishing is not necessary and the UE could keep in RRC_IDLE mode to reduce power consumption if resource is allocated per multiple UEs.
Observation 3: 

· Establishing an RRC connection to the eNB prior to D2D transmission is dependent on the resource allocation scheme.
The second question is which solution among dynamically scheduled or semi-persistently scheduled or just contention based method should be used for in-coverage case. We think in general solutions based on coordinated indication of resources to be used at longer time scale needs to be considered as baseline due to the fact of less additional signaling overhead, as analyzed at the start, and the clear benefits originating from collision avoidance property. Therefore we propose: 
Proposal 1: 
· Semi-persistent Resource allocation solution at a longer time scale needs to be considered for in-coverage case.  
2.4 Partial coverage scenario 
Another FFS aspect listed in the RAN2 chairman notes for discussion is how does broadcast communication works if one UE is in coverage and one is out of coverage? The UE in coverage is called UE_1 and UE out of coverage is called UE_2 in the following discussion.

For this scenario, we suggest to select UE_1 as PRH and UE_2 joins UE_1 cluster as a member for the following reasons: UE_2 could be practically synchronized to eNB after performing the synchronization step to UE_1. Also, UE_1 could relay the resource pool reserved by eNB to UEs within its owned cluster for D2D communication so that it ensures coordinated communication between in-coverage and out-coverage UEs thereby avoiding substantial interference coming from UE_2 transmission on the cellular communication path. 
Proposal 2: 
· RAN2 to discuss the feasibility to prioritize the UE in coverage to play the role of PRH to enable coordinated communication between in coverage and out-of-coverage UEs for the partial coverage scenario. 

3. Conclusion
In this paper, we studied several design challenges for the two different resource allocation scheme. Further, we have analyzed the signaling overhead and provided some indicative quantized findings for in-LTE-coverage scenario. Moreover, the possible functionalities need to be hosted by central controlled entity in out-of-coverage case is also investigated to figure out the potential complexity. Finally, we discussed some open issues for in-coverage and partial coverage case and shared our views on potential solutions. 
Based on the discussion, we have made following observations and proposals that we propose should be reflected in the work on D2D broadcast communication in Rel-12: 
Observation 1: 

· Signaling overhead to coordinate resource allocation of D2D communication is not a critical issue for coordination solution for in-coverage case at least for the scenario of cell layout case 1.
Observation 2: 

· PRH may be responsible for synchronization and may support partial RRM functions to establish its own synchronous D2D cluster. 
Observation 3: 

· Establishing an RRC connection to the eNB prior to D2D transmission is dependent on the chosen resource allocation scheme.

Proposal 1: 
· Semi-persistent Resource allocation solution at a longer time scale needs to be considered for in-coverage case. 
Proposal 2: 

· RAN2 to discuss the feasibility to prioritize the UE in coverage to play the role of PRH to enable coordinated communication between in coverage and out-of-coverage UEs for the partial coverage scenario. 
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