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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 feature, in mode 2 resource allocation UEs are selecting resources from SA/DATA pools in random and in an independent manner. Collisions in selections therefore are prone to occur. Thus, the performance of the network is dependent on the average pool load, and resource selection strategy. 
We evaluated simple model of SA resource selection strategies that not include the path-loss and interference. Figure 1 below shows the expected success rate for SA message as a function of the pool load, where in this particular case each individual UE send 10 messages per second and each SA message is transmitted two times within SA period.
[image: ]
[bookmark: _Ref441653679]Figure 1: SA Success rate vs. pool load
Where we define the success rate as the average number of UEs successfully transmitting (without collision) normalized by the overall number of UEs transmitting SA message (with collision), and the load is defined as the average number of UEs that have a SA message in their TX buffer normalized by the pool’s total number of physical resources.
It is clear that as the pool load goes high the success rate decreases. It is important to mention that most of the V2V messages are considered safety messages and require high reliability therefore high success rate is desirable.
In “real life” V2V scenarios, it is reasonable to assume that the density of the vehicles varies from high to low and vice versa and thus, the pool load changes accordingly, for example in the case traffic jams or intersections areas. It is desirable for the NW to be aware of these changes and to be able to adapt UEs' behavior accordingly. There are several adaptations that the NW can perform if it would have known the current pools load. For example, the NW can instruct the UEs to increase/decrease the number of transmissions for SA, offload some UEs from PC5 to Uu link in order to transmit their safety messages through the eNB, limit the number of transmissions per second etc.
Observation 1: It is beneficial for the network to know the SA and DATA pools load
In this contribution we propose two strategies to estimate the pool load in order to help the NW to adapt the varying conditions of the SA pool.

2	SA pool load estimation
Since each SA message consists of one resource (one PRB pair), a collision on the SA would be of the form of one or two PRBs overlap, in any case, this would degrade dramatically the SA demodulation performance. Alternatively, collision on the DATA pool should be more specifically defined since it can be with partial overlap and the demodulation performance varies a lot. We think that for good partitioning between the SA and DATA pools, there will be some correlation between the collision rates over the two pools i.e. if the SA pool is loaded it probably means that the DATA pool is loaded too. Therefore with this assumption, the load on the SA pool can serve as an indicator for the load on the DATA pool as well.
Observation 2: With a good partitioning between the SA/DATA pools, Therefore with this assumption, the load on the SA pool can serve as an indicator for the load on the DATA pool as well.

2.1	Centralized algorithm for SA pool load estimation
At least for mode 2 where the UEs are in-coverage, we can assume that low rate periodic reports on the pools conditions can be performed over the Uu transport link.
We provide two alternatives where the eNB receives reports form the V2V UEs and can derive an estimation of the SA pool load per area.
2.1.1	Method 1 - Reports on Special SA receptions
In this method the eNB assigns some UEs to transmit a special SA message over the SA pool, where this assignment can be done, for example using a dedicated RRC configuration. The assignment should include some general parameters on the special SA transmission such as, periodicity and duration. The assigned UE will treat this message as regular SA message that need to be sent over the SA pool, but w/o any DATA transmission to be followed. For example if a UE is assigned to transmit special SA message with periodicity of 5 SA periods for duration of 1s thus, if the SA period is configured to be 20ms, the UE will transmit special SA message every 100ms for 1s i.e. 10 special SA messages. 
The way the eNB chooses which UEs to assign and when to transmit a special SA message is not discussed in this contribution but, we assume it can be done at least by geographical parameters of the UEs that should be known at the eNB (e.g. location, direction speed etc.) or alternatively, if this data is not available at the eNB, it can choose them randomly.
The content of the special SA message should indicate to the receiving UEs the message index (i.e. in the example above, one out of the 10 special SA messages), the transmitting UE index which can be part of the assignment by the eNB and the location of the transmitting UE. That is:
· Transmitter ID
· Transmitter location
· Message index and number of messages. E.g. “this is the 2nd special SA message out of 10”

The rationale behind this method is that the special messages will be spread out over the entire SA pool with low density and if there will be enough of these, but not too many, the statistics of the collisions of these messages will be similar to the regular SA messages. Contrary to a normal SA message, the special SA message can be monitored and counted by the receiving UEs since the message content includes the index of the message and the number of messages that should be transmitted. Therefore, from receiving UE point of view, as part of normal operation, it should try to blindly decode all the SAs messages in the SA pool. If the UE successfully decode a special SA message it should count it and store internally with classification of the transmitter ID, in other words the UE should maintain a table as shown below.

	Transmitter ID
	Number of special SA messages successfully decoded
	Number of special SA messages should have been received
	Distance from transmitter 

	UE1 ID
	K1
	N1
	Z1

	UE2 ID
	K2
	N2
	Z2

	.
	.
	.
	.

	.
	.
	.
	.


  
As part of the RRC configuration, some UEs can be configured to provide periodic reports on the SA pool load. When time to report arrives, the UEs should report the values K/N and Z for each transmitter ID or specifically, the report on each ith transmitter UE should say “I successfully decoded Ki out of Ni special SA messages from UEi ID in distance Zi”.
There are several cases in which a UE will not be able to receive the special SA message. The first one is the half duplex operation, the UE cannot transmit and receive on the same subframe. Therefore, a special SA message can be missed if the UE needs to transmit on the same subframe. Another reason is the collisions of special SA messages with other SAs, in this case the UE may not be able to successfully decode the special SA packet due to low SINR. Both of reasons above reflect, in some sense, the environment over the SA pool. Using the measure we propose here the eNB can estimate the environment over the SA pool. 
There is, of course, another reason why a UE may not be able to decode a special SA message; this is the SNR of the individual UE which is determined also by the distance from the transmitter. This is certainly can cause the reports to be biased and thus, will not reflect the real SA pool load. In order to exclude those unwanted reports we propose to limit the reports to include only the metrics measured from close UEs, i.e. the distance from transmitter, Z, is below some predefined value on which the packet reception rate (PRR) is assumed to be high.
One concern that can be raised with this proposed approach is that the additional transmissions of special SA messages will change the SA pool load and the estimation will not reflects the SA pool load without special SA messages. This concern is basically true almost for any measurement tool. For this reason, we should avoid assigning many UEs for this special SA transmission since we don’t want that the actual measurement process will change dramatically the load on the SA pool. Figure 2 below provides some insight on the change in the success rate over the SA pool as function of load for several cases of special SA assigned UE.
[image: ]
[bookmark: _Ref441761260]Figure 2: Success rate vs. pool load for several cases of special SA assigned UE
In this particular case each assigned UE transmits the special SA messages once every 5 SA period, therefore the increment in the load is spread over several SA periods. It can be seen that even if the eNB assign 20% of the UEs to transmit special SA message (red curve) the degradation in the overall success rate of the SA messages is negligible.
Observation 3: By assigning limited amount of UEs to periodically transmit a special SA message, the degradation in the overall success rate of the SA messages is negligible

2.1.2	Method 2 - Reports on regular SA reception
An alternative to the first method above, by the reporting the number of successfully decoded regular SA messages could help the eNB to estimate the load on the SA pool (without any special SA message). It is clear that if we look on the number of SA messages successfully decoded by some UE, or on average by all UEs, in a specific area, we will see that for low load regions the number of successfully decoded SAs is increasing as function of the pool load. The reason for that is, when the pool load is low, if we increase the number of transmitted SAs the probability of collision is lower than the probability of no collision. This is true up to some load value where any increment in the number of transmitted SAs cause to more collisions compared to the incremented value, and thus the number of SA messages with no collision is getting lower. This is depicted in the figure below

[image: ]
Therefore at least for the low load region, there is mapping between the number of non-colliding SAs normalized by the number of resources in the SA pool to the pool load. 
Observation 4: For the low-medium load region, there is one-to-one mapping between the number of non-colliding SAs normalized by the number of resources in the SA pool to the pool load
We should note that this graph is independent on the actual pool size and the number of UEs, it is dependent only on the way the UEs selecting their SA resources (which is equally probable in mode 2) and the number of SA transmissions for each SA message (which is always 2) thus, if this graph is stored in the eNB as a lookup table (LUT), then the eNB can determine the pool load by receiving periodical reports from all UEs about the number of SA messages they have successfully decoded for a certain period of time. The eNB can also estimate the pool load per location if the reports form the UEs will include their geographical location.

3	Conclusion
[bookmark: _GoBack]In this contribution we showed that it is beneficial for the network to know the load over the SA pool in order to adaptively change the V2V UEs configuration for improving overall NW performance. In addition we provide two centralized methods for SA pool load estimation. Base on this analysis we propose: 
Proposal 1: UEs reports to enable the eNB to estimate the SA pool load should be supported in V2V WI.
Proposal 2: Centralized algorithm for estimating the SA pool load should be supported in V2V WI.
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