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1 Introduction
As part of the LTE Device to Device Proximity Services - Radio Aspects study item, different design options for direct communication should be investigated by the RAN2 WG. In RAN2#83, several outstanding issues related to Resource Allocation (RA) supporting D2D direct communication have been identified and summarized in RAN2 chairman [1] notes as follows: 
· Need for a central control entity when out-of-coverage? Or uncoordinated (CSMA) access?
· Need to control transmission/reception when in-coverage? Fully scheduled? Or semi-persistently allocated resources? How does it work if one UE is in coverage and one is out of coverage?
· Further investigate the complexity (and possibly efficiency) of different resource allocation schemes (fully scheduled; semi-persistent; CSMA like; …) and also the consequences for control plane and UP protocols.
In this contribution, we focus on broadcast communication part, and in particular on the design challenges for signaling of resource allocations in supporting ProSe D2D broadcast communication for the in-coverage case, as well as the out-of-coverage case. Further, we provide initial system level analysis and then draw some observations on D2D broadcast communication in prioritized public safety specific layouts.
2. Discussion
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Figure 1: Deployment topology for ProSe broadcast communication
As stated in [2], ProSe Broadcast Communication refer to a one-to-all ProSe Communication, between all authorized UEs in proximity, by means of a common communication path established between the UEs within transmission range. According to RAN1 WG agreements on D2D evaluation methodology and user drop procedure, a realistic multi-group Ad-Hoc network architecture should be considered for ProSe (PS) broadcast communication public safety scenarios, which can be divided into two major types: 1) large-scale incident areas where multiple transmission points uniformly distributed in space; 2) hotspot based accident areas where multiple accidents may simultaneously happen in different localized areas served by different PS groups. The both two cases assume spontaneous deployment and operation of multiple ad-hoc networks that need to coexist with each other in the same and limited public safety bandwidth. Figure 1 illustrates a general example of multi-group broadcast communication scenario. The concurrent operation of multiple ad-hoc networks as well as terminals within a given ad-hoc network may lead to challenging interference environment, poor utilization of the radio resources and limited transmission range due to potential collisions if radio resources are not properly managed. Thus, radio resource allocation schemes for PS broadcast communication need to be carefully investigated during the study item.
Closely related to RA for ProSe broadcast communication is the question what is the network topology after the broadcast association procedure. Although the propagation conditions and expected interference environment in the broadcast scenarios are being evaluated in RAN1, these aspects are important for resource allocation study in RAN2 as well, especially for the areas of the overlapped transmission ranges. System evaluations on ProSe broadcast communication are provided in [5] and reproduced here for ease of reference. The Figure 2 shows the CDF of coupling levels with the strongest neighbor TX interferer. 
Observation 1: 

· Scenarios with 100% outdoor UEs almost do not have “isolated” transmitters, i.e. all transmitters have overlapped areas and thus may create significant interference to each other.

· Scenarios with 80% of indoor and 20% of outdoor UEs, there is about 20-40% of transmitters with non-overlapping areas (assuming that non-overlapping area condition is defined by -145 dB pathgain between transmitters).
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	Figure 2. CDF of pathgain between current TX and its strongest neighbor TX


We also analyze interference environment assuming in [5] assuming that all transmitters operate simultaneously and transmit within the same 1 PRB allocation at the maximum transmission power level to investigate the potential consequence when two broadcast paths collide due to selecting the same channel. The CDFs of the SINR values calculated assuming signal reception from the TX node with the minimum pathloss as well as reception of all transmissions with received power higher than -112 dBm are shown in Figure 3 on the right and left sides respectively. 
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	Figure 3. CDF of SINR for maximum power transmission in 1 PRB


Observation 2:

· Due to high interference 10-30% of UEs cannot receive even the best signal within RSRP range.

· The transmitters should use orthogonal spectrum resources in order to reduce the SINR outage problem and be able to receive data from multiple TXs.
Considering the two observations above and the importance of robustness required for ProSe broadcast communication, one resource allocation principle was proposed to guarantee the reliability of broadcast path: 
Proposal 1: 

· A mechanism for resource selection is desirable for broadcast communication to deal with the interference problem or avoid the collision among multiple TXs in both in-coverage and out-of-coverage scenarios.
The support of D2D PS broadcast communication may require substantial RAN2 specification works generally. One of the important design aspects need to be first discussed in the context of ProSe broadcast communication is Medium Access Control (MAC) mechanism e.g. who and how control the allocation of the radio resources for D2D PS broadcast communication with the identified interference status between ProSe groups in mind. 
RA schemes for PS D2D broadcast communication can be generally divided into two categories depending on the split of the radio resource management/control functions between eNB/Peer Radio Head (PRH) and UE:
· Solution 1: Centralized RA (eNB or PRH controlled). 
In this approach, a central controller, either eNB for in-coverage case or PRH for the out-of-coverage case, is responsible for assigning one broadcast channel from the central D2D resource pool to a communication path for temporary use. LTE system is a typical system with a centralized RA. In more details, RA could be realized in a fully network controlled manner – that is, a resource assignment to each Tx UE is on a per-need basis. However, it was concerned that such an approach may cause too large signaling overhead and then huge burdens on C-Plane due to expected scale-up in broadcasting Tx UEs number. If this concern is justified by RAN2, RA with a semi-persistent configuration should be considered as a trade-off solution between dynamics and control signaling overhead to keep the control overhead at a reasonable level.
· Solution 2: Distributed RA (UE controlled). 
The distributed design option assumes that majority of the radio resource management and interference control functions are implemented at the UE side. Therefore, UE can select a PS broadcast channel autonomously based on a predefined MAC protocol and interference control functionality without involvement of a central assignment entity. But, it is a prerequisite for solution 2 that D2D resources pool is controlled and signaled by the eNB for in-coverage case to avoid potential negative impacts on potential cellular communication. This approach is being widely used in Ad-Hoc network such as Bluetooth and WiFi-Direct. In more details, either eNB or PRH might configure the radio resources for PS broadcast communication semi-statically via new system information broadcast channel and then contention-based resource requesting performed by UEs is limited to the allocated D2D-dedicated resources within each group. Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) MAC protocol is a representative example for solution 2. A terminal utilizes CSMA to listen to or sense the presence of another transmission on the reserved or pre-configured ProSe channel before attempting to transmit its own data packets. The drawback of the distributed approach is its weakness in terms of interference control and collision resolution, especially in asynchronous setup, when devices are not synchronized. 
A brief comparison of the two candidate solutions is provided to facilitate the selection of the appropriate RA scheme:
a) C-plane consideration: First of all, to support the ProSe broadcast communication in out-of-coverage scenario, implementing some radio resource management and control functions (e.g. synchronization reference, timing control reference provision, D2D communication setup management) over ProSe broadcast communication link at UE side is needed for both solutions at the cost of increased UE complexity. Although a pure Ad-Hoc operation is also possible in practice, we believe it is not preferable due to the weakness in terms of interference control and collision avoidance. Therefore, RAN2 needs to study the detailed C-plane functionalities taking into account the traffic characteristic of ProSe broadcast communication. Secondly, solution 1 may provide additional benefit in terms of C-plane latency due to the fact that solution 2 leads to degradation of system performance in highly congested environment. Solution 1 is an attractive or even exclusive choice to provide a guaranteed upper boundary of peer-to-peer delay, which was required by some applications. One concern on solution 1 is it may result in a high burden of control overhead during setup stage; while solution 2 requires less control message exchange between UE initiating the broadcast communication and eNB/PRH for ProSe broadcast communication path setup and may therefore seem preferable from control overhead and network complexity point of view. However, note that the practical control overhead is fully dependent on the total number of UEs who initiates the broadcast communication simultaneously. The typical value is less clear and should be clarified in RAN2 before drawing conclusions in terms of control overhead. Also, it should be noted that this control overhead problem could be alleviated to some degree or even eliminated by configuring the ProSe resources in a semi-static manner. 
b) U-plane aspects: With solution 1, the radio resources can be appropriately shared between D2D communication and cellular communication link and therefore offer a better system throughput performance for the in-coverage case. 
c) Collision avoidance: Clearly, solution 1 could provide a more robust RA scheme for PS broadcast communication against interference across multiple broadcast Tx UEs, considering eNB or PRH have more information than UE and can make sure different groups to be assigned with different orthogonal channels if broadcast transmission scenario belongs to the non-isolated case. The collision probability of CSMA-like solution 2 depends on many factors, such as the number of UEs who are authorized for broadcasting and co-exist in the same or non-isolated broadcasting region, and more standardization efforts are needed to relieve this collision problem. According to the working assumption agreed in RAN1 that no closed loop physical layer feedback is used for ProSe broadcast communication, the collision could not detected by Tx UE, which presents more challenging for solution 2 to guarantee the ProSe broadcast communication with the desired level of reliability especially with unpredictable interference. In more details, with CSMA/CA scheme UE transmits only when it senses that the channel is idle. However, note that the collision still may happen during the propagation delay between Tx UEs and then lead to packet decoding failure. For LTE D2D Public Safety scenario, a high communication range is required that leads to large propagation delay (up to 10 us [6]) and thus relatively high collision can be expected with solution 2. 
d) Power Consumption: For the out-of-network coverage case, solution 2 requires D2D capable UE to monitor all the potential broadcast communication channels as long as it is not in transmission mode thereby leading to UE’s non-negligible amount of power consumption. By contrast, PRH is assumed to be selected in the first step in solution 1 and then could be responsible for signaling the ProSe broadcast communication opportunities within its group to minimize the UE power consumption. 
e) Specification efforts: Both solutions require additional specification efforts as detailed in the following. For solution 1, aspects that need to be specified include how to select PRH for the out-of-coverage case and C-plane functionality for PHR, etc. On the other hand, solution 2 is a new access mechanism for LTE system and thus standardization efforts are required to define the detailed MAC protocol stack to minimizing the collision probability. So, it can be expected that no difference between these two solutions in terms of specification impacts. 
Table 1: Summary of attributes of resource allocation Options for ProSe broadcast Communication
	
	C-plane impacts
	P2P latency
(Guaranteed?)
	Control overhead 
	Interference coordination
	UE power consumption
	Collision avoidance
	Specification impact

	Solution 1
	Same
	Yes
	Large
	Good
	Good
	Good
	Same

	Solution 2
	Same
	No
	Small
	Bad
	Bad
	FFS
	Same


Table 1 summarizes the properties of the above candidate solutions including both advantages and disadvantages. It was observed that both centralized solution and distributed solution has benefits as well as drawbacks. Centralized RA solution is advantageous in terms of interference coordination, UE power consumption, throughput performance, and collision avoidance while distribution RA solution is advantageous in terms of signaling overhead, and some aspect is not clear for now (e.g.. the typical total number of broadcast Tx UEs). Moreover, the resource allocation mechanism needs to be carefully evaluated in terms of overall performance such as system capacity and the practical performance, which is highly depends on exact physical layer broadcast channel structure design (e.g. TDM or FDM for multiple Tx UEs and the unit of the time and frequency resource allocation for ProSe broadcast communication), that is being studied in RAN1. Therefore, RAN2 should consider the properties of each candidate solution as well as the RAN1’s decision in the physical layer resource allocation mechanism and then make final decision on the detailed procedure and required signaling.
Proposal 2:
· RAN2 should discuss on the detailed procedure and required signaling, and make the final decision taking into account the exact L1 resource allocation design. 
3. Conclusion
In this document, we addressed the RA aspects for ProSe broadcast communication. Based on the discussions, we make several observations and propose following: 
Observation 1: 

· Scenarios with 100% outdoor UEs almost do not have “isolated” transmitters, i.e. all transmitters have overlapped areas and thus may create significant interference to each other.

· Scenarios with 80% of indoor and 20% of outdoor UEs, there is about 20-40% of transmitters with non-overlapping areas (assuming that non-overlapping area condition is defined by -145 dB pathgain between transmitters).
Observation 2:

· Due to high interference 10-30% of UEs cannot receive even the best signal within RSRP range.

· The transmitters should use orthogonal spectrum resources in order to reduce the SINR outage problem and be able to receive data from multiple TXs.

Proposal 1: 

· A mechanism for resource selection is desirable for broadcast communication to deal with the interference problem or avoid the collision among multiple TXs in both in-coverage and out-of-coverage scenarios.

Proposal 2:
· RAN2 should discuss on the detailed procedure and required signaling and make the final decision taking into account the exact L1 resource allocation design. 
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