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1	Introduction
At the RAN #70 meeting, a WI on the “Support for V2V services based on LTE sidelink”[1] was approved with the following scope:
· To specify enhancement to sidelink physical layer structure necessary for V2V services [RAN1]
· To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) [RAN1, RAN2]

As of Rel-13 D2D WI, SA message is transmitted twice within single SA period. The main advantages of this decision are to mitigate the half-duplex issue and to overcome the case where SA messages from different D2D UEs may collide and thus providing another opportunity for the receiving UE to receive the SA/DATA. Such a mechanism with fixed number of retransmissions could be applicable for D2D scenarios where the total number of D2D devices, in a specific region, is fixed. For V2V however, we think that a fixed number of SA retransmission without any adaptation with respect to the pool status and/or the density of V2V devices could be inefficient. A scenario, where in some region, the density of the vehicles is varying from high to low is very realistic e.g. traffic jams, intersections etc.
Observation 1a: A fixed number of retransmissions of SA and DATA could be inefficient when the density of the V2V devices is changing.
In this contribution, we discuss the option of adapting the number of retransmissions of SA within one SA period. We think that adapting the number of SA retransmissions would improve the reliability and the effectiveness of the V2V services.
2	Discussion
2.1 Problem description
In mode 2, when selection of resources in the SA pool for transmission is done randomly and independently among the UEs there is a fair chance for collision events (i.e., when at least two UEs select the same resource) that can significantly degrade the probability of successful reception of either one of them. 
[bookmark: _GoBack]Intuitively one can increase the probability that other UEs will successfully receive its SA/DATA transmissions by increasing the number of transmissions (of the same data) within the same SA period. However, if all UEs increase their number of transmissions then it is no longer obvious what will be the impact on the overall success rate which is defined as the average number of UEs successfully transmitting (without collision) normalized by the overall number of UEs transmitting SA message (with collision). Furthermore, for extremely loaded pools it may be beneficial for UEs to drop occasionally their messages to increase the average success rate. 
We evaluate a simple model not taking into account the path-loss and interference. Figure 1 shows the average success rate of an SA resource selection strategy that is a function of the load. The load is defined as the average number of UEs that have a V2V (PC5) message in their TX buffer (we refer to this group of UEs as the TX group) normalized by the pool’s total number of physical resources. It can be seen that a resource allocation strategy that picks resources in random manner with a fixed number of (re)transmissions m, cannot cover efficiently the entire load range. 
Observation 1b: It is beneficial to devise a strategy that adjusts the number of SA transmissions (m) according to the average load.
Furthermore, if a theoretical bound is devised and optimized, it can be shown that the best average success rate is achieved for a non-integer number of transmissions, we refer to as m*.
Figure 1 further shows the theoretical bound for a non-integer m*, as thick dashed lines. To appreciate the gain it offers over the fixed number of transmissions (m), Figure 2 shows the relative increase in the load (or alternately, the number of UEs that can be supported) for a given average success rate. For instance, the load can almost be doubled relative to the fixed m=1 scheme at 90% success rate.
Observation 2: It is beneficial to devise a strategy that adjusts the number of SA transmissions (m) according to the average load in a way that the ‘overall m’ of the network is close to ideal number of repetitions (m*) in average. 
Based on the above observations a centralized algorithm is devised for adjusting individual number of transmissions based on a centralized estimation of the pool’s load. The discussion of the centralized estimation of the load is outside of the scope of this contribution but it is discussed in details in a companion contribution [2], for the sake of this contribution, we assume the load is perfectly known at the individual UEs.
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[bookmark: _Ref438621450]Figure 1: Average success rate as a function of load for fixed repetition strategies (thin dash/solid lines) and for the optimal theoretical bound (thick dark) for the low and high loads regimes.
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[bookmark: _Ref439755287]Figure 2: The gain of using m*(l) instead of the fixed number of repetitions (m=1 or m=2) strategies, expressed as the relative increase in the pool’s load or number of UEs that can be supported for a given average success rate.

2.2 A strategy that adjusts the number of SA transmissions according to the average pool load
In this strategy a centralized entity such as eNB or an RSU or a leading UE in mode 2 is assumed to know the pool’s load and broadcast it over the Uu link or the PC5. This way UEs that wish to broadcast over the PC5 need to receive first the load signaling, or can use a predefined initial value. Once the load is obtained by the UE it performs the following steps:
· Calculates the ideal number of repetitions (m*), which as indicated, can be non-integer.
· When time to transmit (i.e., a V2V message in the transmit buffer) it obtains its instantaneous (for that particular SA period) number of transmissions based on a non-fair coin flip as follows:
, where u ~ uniform[0,1).
For practical reasons e.g. PAPR the repeated transmissions should not occur in different PRBs of the same subframes but in different subframes. It is beneficial to limit the number of repetitions (m) by half the number of subframes available which is determined by the pool size, pick in random the limited m subframes and transmit on a randomly selected PRB on every selected subframe.
Figure 3 shows the average overall success rate of SA selection strategy that is a function of load for a network of UEs that adopt the proposed strategy. It can be seen that the performance almost matches the theoretical bounds. The SA pool is assumed to be 8 subframes x 50 PRBs.
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[bookmark: _Ref439757693]Figure 3: Average rate of success as a function of load for the proposed strategy  (blue), theoretical bounds (thick dotted black) and fixed number of repetitions (independent of load)  m=1 and m=2 (dotted black).

Observation 3: Given the average load, a simple strategy that adjusts the number of SA transmissions can almost achieve the theoretical bounds.
Observation 4: The ideal number of repetitions (m*) can be smaller than 1 and m can be 0. In this case UEs may decide to drop their message for the benefit of the network and their own (averaged over time). Dropped messages are counted as failures, reducing the success rate. However, if the rate of the V2V message generation can be adopted by the load, then the success rate increases significantly, as the amount of dropped messages decreases significantly. 


3	Conclusion
We have analysed the success rate of a random selection of resources as a function of the pools load, and proposed a strategy to increase the number of UEs that can be supported for a certain average success rate and pools load.
Based on our analysis and simulations of the algorithms we propose the following:
Proposal 1: The number of SA transmissions within an SA period in mode 2 should be dynamically adjusted according to the pool’s load.
Proposal 2: The number of SA transmissions within an SA period in in-coverage mode2 should be based on eNB/RSU signaling.
Proposal 3: If eNB/RSU signaling is not available, the number of SA transmissions in mode 2 should be based on the leader UE signaling.
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