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1 Introduction

Both SA decoding based sensing and energy based sensing were agreed for V2X resource (re)selection. As agree in RAN1#85 meeting, 

Agreement:
· For PSSCH resource (re)selection when all the PSCCH/PSSCH transmissions have the same priority (FFS whether the initial resource selection needs to be designed differently from the procedure below)
· Step 1: All the resources are considered available.
· Step 2: UE excludes resources at least based on SA decoding and additional conditions. Down select one between the following options.
· Step 3: UE selects its transmission resource from the resources not excluded by (Down select one among the following options)
SA decoding based sensing is for above step 2. A device can know the exact scheduling and transmission of adjacent UEs, so that the device can clearly know whether a resource is reserved in future. In case a signal is weak and SA cannot be decoded, or a SA is not received due to half duplex operation, energy measurement based sensing can be a compliment which corresponds to step 3. However the resource reservation according to energy measurement may not rightly match channel occupation of nearby devices. A detailed discussion on operating sensing based resource (re)selection was provided in companion document [1].  

If the number of devices (vehicle/pedestrian/RSU) becomes large in an area, it is quite likely the load in the area is also high, since each device may have the need to broadcast its V2X message for security. Consequently, the V2X network may approach a state of congestion if the load keeps growing, which should be avoided. In RAN1#85 meeting, it made a working assumption on congestion control, i.e. [2] 
Working assumption:
· A measurement metric is specified to reflect the congestion level of a PC5 carrier, e.g., similarly to the channel busy ratio defined in ETSI. 
· This measurement is available to higher layers in the UE.

· FFS whether the measurement can be reported to eNB.

· FFS the details of the measurement and the UE behavior, for example:

· The principle to drop PC5 transmissions as a function of this measurement and priority is supported.

· The radio adjusts radio parameters (max tx power, nr of retx restriction, MCS range restriction, nr of PRBs restriction) as a function of priority and this measurement.

· Packets with different priorities are transmitted on the same resource pool
In this contribution, we provide our views to define load in an area as a metric reflecting congestion level and discuss the means reacting the load in an area. 
2 Metric reflecting congestion level 
As shown in Figure 1, for the resource (re)selection in subframe n, a device first sense the channel in a sensing window [n-a, n-b], then estimate the channel occupations of other devices in a period (selection window) after subframe n based on the sensing results in sensing window, and select a free resource. For periodic traffic, the selection resource has to be available in continuous C periods, where C is a random value within 5 and 15 [2]. 
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Figure 1: Sensing based resource (re)selection
If the number of devices becomes large in an area, which means many devices are competing the channel, the load in the area increases, which could be an indication of congestion level. Specifically, load could be defined as the ratio of unavailable resource to the total resource in a window. To remove the impact of burst traffic, load could be the average value in a long period. 
After processing step 2 and step 3, only the remaining available subframe/PRB resources are candidates for resource (re)selection. According to the detection in [n-a, n-b], a device could know the ratio of occupied subframe/PRB resources in sensing window. Load is then defined as the average of the ratios in multiple sensing windows. The measurements reflect the real situation in sensing window, so it is the actual congestion level in the sensing window. However, transmission from a device though already released still contributes to calculated load value. 
Alternatively, according to the estimation at subframe n, a device can also know the ratio of occupied subframe/PRB resources in a selection window. Then, load could be defined as the average of the ratios in multiple selection windows. Only the identified resource reservation in step 2 and resource with high received energy detected by step 3 contributes to load calculation, so it reflects better the situation when a device is doing resource (re)selection. Further, a device needs to occupy K resources in a period and maintain the same occupation in C periods. If such a pattern of resources doesn’t exist, no resource can be (re)selected for the device. As shown in Figure 2, assuming C equals 4, blue resources are available for 4 continuous periods hence is an available pattern of resources, however, green resources collide with a reserved resource (marked as red) so that all green resources are unavailable. Definition of load based on selection window can easily account for pattern based resource (re)selection. That is, a subframe/PRB, unless belonging to a valid pattern for the device, has to be considered as unavailable resource. 
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Figure 2: Sensing based resource (re)selection

From the other aspect, since step 2 and step 3 can be separately or jointly treated for load definition. Having separate loads for step 2 and step 3 has the merit to reveal the operation status in each step, hence help the device to locate the problematic point when system is not stable. Then the device can properly adjust the parameters in a step for fine-tuning of system performance. 
Proposal 1:

· Defining load, i.e. the ratio of unavailable resource to total resource as the metric of congestion level; 
· Resource pattern of periodic traffic should be considered in load definition, hence it is preferred to defined load based on the selection window. 
· Separate definition of load for step 2 and step 3 are supported. 
3 Congestion control
In case there are a large number of devices in an area, the load in the area increases. For the proper operation of V2X, it needs a means to adapt the operation of devices to the load. The solution can be designed from several directions. The system should be designed  to avoid congestion. Then, if it happens in a congestion state, there should be means to sustain the operations. We discuss the above two kinds of operations in the section. 
3.1 Congestion avoidance
To avoid congestion, resource utilization of a device should be reduced when the load exceeds a threshold a, where 0 < a < 1, where 1 represents 100% full load. The resource utilization can be reduced by increasing MCS and/or by skipping transmissions. A device may react on the load condition automatically, or a device may report the load condition to eNB, so that eNB can coordinate the operations in an areas. 
3.1.1  Setting MCS

Let Kmin be the minimum number of resource block groups (RB groups) needed for transmitting PSSCH. Kmin could be based on the highest MCS used for PSSCH transmission. Let Kmax be the maximum number of resource blocks (RBs) needed for transmitting the PSSCH. This configuration can be based on the lowest MCS used for transmission of PSSCH. Let the number of resource block groups available for transmission of PSSCH based on the sensed result of network load be K.
· If K < Kmin, there is no transmission and the device waits for the next opportunity to transmit
· If K ≥ Kmax, the device selects a rate for PSSCH utilizing up to Kmax resource blocks and can transmit at the next opportunity. 
· If Kmin ≤ K ≤ Kmax, the device selects a rate for PSSCH utilizing up to K resource blocks and can transmit at the next opportunity. 
3.1.2  Setting Transmit power:

We propose to use transmit power control in order to limit the communication range and improve probability of detecting the SA of other users. As shown in Figure 3, the communication range of the vehicles should be adjusted based on the device speed and geo-location to improve SA scan decoding for collision avoidance. 
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Figure 3: Adapting transmission power based on traffic
Let us consider an example worst case scenario of a freeway where there is a traffic jam on both directions and all vehicles have stopped (i.e. device speed = 0 km/h). Let us assume there are 6 lanes and the communication range in 320 m for the freeway case if all cars are transmitting at 23 dBm transmit power as per simulation assumptions for freeway use case [3].  Further, let us assume the distance between the center of 2 cars is 4 m in both front/back and side directions.  In this case, up to 960 cars are within communication range of a given device. If all 960 cars are going to be broadcasting on SL, there most likely will not be sufficient resources to support all transmissions with exclusive resources, leading to significant collisions and making it difficult for decoding PSCCH of other users.  If we can reduce the transmit power by 30 dB to -7 dBm in this case, the communication range can be reduced to 10 m, which may be sufficient for communicating with a reduced number of vehicles, e.g. ~16 adjacent vehicles, with a better probability of decoding the PSCCH.
Proposal 2:

· Transmit power should be adjusted as part of resource reselection based on device speed and geo-location.  

In a low load case, a device may transmit with the maximum allowed power for PSSCH and PSCCH. As the observed load increases, which implies increased traffic density, a device may lower its transmit power dynamically for every transmission. This allows greater spatial re-use of resources due to power control. 
As shown in Figure 4, with increased load based on sensing, the transmitting device starts lowering its transmit power to reduce interference to other devices. In an extreme case, if there is no resource available for transmission based on sensing, the device may drop current transmission. 
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Figure 4: Transmit power setting for device autonomous resource mode

Proposal 3:

· Decrease UE transmission power based on increased load to reduce collisions to other devices.

3.2 Congestion handling
As discussed above, a device needs to occupies K resource in several subframes in a period and maintain the same occupation in C continuous periods, where C is a random value within 5 and 15 [2]. However, in an extreme situation a device cannot find such a pattern of resource. Several methods could be considered for the temporal resource (re)selection. 

One option is to increase the threshold used in step 2 and step 3, which hence possibly increase the number of available resources. Alternatively, an option is that it may be allowed that a device to select some PRBs which collides with other devices, in condition that the amount of collided PRBs needs to below a threshold. However, if multiple adjacent devices increase the threshold, it further increases the interference level of the area hence an even severe congestion may happen. 
Another option is to allow the resource occupation in a smaller number of period, i.e. less than 5. In an extreme case, the resource is just occupied one time by the device, i.e. no resource reservation applies. From the other aspect, assuming K resource are needed for the K (re)transmission of a message, an option is that a device may only select K1 (<K) resources and reserve them in several periods, while other K-K1 resource are dynamically allocated in each period. One more option is to allow the resource (re)selection of >K resources with different number of periods for reservation. As shown in Figure 5, by allowing one resource with period P and two resources with period 2P, it can guarantee that two resources are always available in each period P to fit with the traffic generation of the devices. 
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Figure 5: Resource (re)selection with multiple periods
Observations:

· At least one solution handling the congestion situation is needed. 

· Further study on the proposes solutions are needed. 
4 Conclusions
In this contribution, we provide our consideration on defining load as the metric for congestion level. Further, the method to avoid congestion condition and the method to handle congestion in extreme case are discussed. We made the following proposals and observations, 

Proposal 1:

· Defining load, i.e. the ratio of unavailable resource to total resource as the metric of congestion level; 

· Resource pattern of periodic traffic should be considered in load definition, hence it is preferred to defined load based on the selection window. 

· Separate definition of load for step 2 and step 3 are supported. 
Proposal 2:

· Transmit power should be adjusted as part of resource reselection based on device speed and geo-location.  

Proposal 3:

· Decrease device transmission power based on increased load to reduce collisions to other devices.

Observations:

· At least one solution handling the congestion situation is needed. 

· Further study on the proposes solutions are needed. 
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