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1. Introduction
In RAN1#84bis, the following agreements were made with respect to sensing [1]:
Agreement:
· Both SA decoding and energy measurement are supported for sensing in UE autonomous resource selection.

· FFS how each of SA decoding and energy measurement is used.

· Note: strive for a design with managable complexity especially in terms of SA blind decodes, UE buffer, etc.
Agreement:
· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

· Working assumption: The values a and b are common for V2V UEs. 

· UE selects time-frequency resource(s) for PSSCH 

· UE transmits SA in TTI n+c where c is an integer

· FFS whether c is a fixed value (>= 0) or variable.

In this contribution, details of the UE procedure for resource selection after sensing is mentioned
2. Discussion
Figure 1 shows a procedure for resource selection in UE autonomous mode based on sensing. The focus of this contribution is on the highlighted part i.e. the process after sensing is performed. Based on the sensing results from SA decoding and/or energy sensing, the UE makes a decision on the resources that need to be excluded in the transmission. Thus, a UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource selection for its transmission. Based on the remaining resources available for transmission, the UE then selects the resources to be used for transmission. The UE further selects the transmission parameters such as transmit power, MCS, semi-persistent transmission related parameters such as transmission interval etc. and transmits in the selected resources with the selected transmission parameters. The UE finally makes a decision whether to continue this transmission on the selected resources or re-start the process for a new resource selection. Further details on sensing are available in companion documents [2, 3, 4].
Proposal 1: It is proposed that resource (re-)selection in UE autonomous mode consist of 3 parts: resource exclusion after sensing, resource selection among available resources, and transmission parameter setting. 
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Figure 1: Resource re-selection procedure for UE autonomous resource allocation
2.1 Sensing duration:

In case of sensing periodic traffic with 100 ms or larger period, it is important to perform sensing for multiple transmission durations before triggering resource selection. In case of sensing higher priority traffic, resource reselection should be performed immediately, possibly within for example, 4 subframes of detecting higher priority traffic. Based on these two conditions, it is proposed that the UE at least senses in a window between subframe n-a and subframe n-b to trigger resource selection/reselection, where n is the current subframe where resource selection/reselection is triggered. We propose that the parameters a= 1000 and b = 4 can be used. All UEs in a given resource pool shall use the same sensing window period for their transmissions. Once the resource reselection is triggered, the UE selects time-frequency resources and transmission parameters for PSSCH transmission. The UE then transmits SA (PSCCH) on the next available opportunity in subframe n+c, where c is UE dependent, c < 100, based on its resource availability for transmission of the SA. The PSSCH is then transmitted in the same or following subframes in subframe n+d. d should be limited in range between subframes dmin and dmax, where dmin = c represents same sub-frame transmission and dmax = 100+c represents transmission within the end of the transmission period (100 ms) for PSSCH. The SA also indicates the next potential transmission time (between 100 ms to 1 sec) at n+e, where 1000+c > e > dmax.

Proposal 2: It is proposed that the sensing duration parameters be configured as follows: a = 1000, b  = 4, c < 100 (UE dependent), dmin = c,  dmax = 100+c, 1000+c > e > dmax.
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Figure 2: Sensing duration

2.2 Selection-I: Excluding resources based on sensing

As mentioned in [2], the sensing procedure first provides a sorted list of available resources for sensing after excluding resources that are defined as used by higher priority traffic. 

2.3 Selection-II: Identifying resources for transmission

2.3.1 Fairness Criteria for resource selection

Since each transmitting UE can make independent decisions for V2V, it is important to provide some measures to guarantee fairness for resource utilization. Multiple criteria could be used for defining fairness:  

· Fairness Criteria 1: In the autonomous resource allocation mode, a UE should provide other UEs equal opportunities to access the network

· Fairness Criteria 2: In the autonomous resource allocation mode, a UE should not use more resources than necessary for its transmissions. 

The network load as observed by a UE can be defined as the percentage of unavailable data and/or SA resources observed by the UE based on sensing. To meet criteria 1, resource utilization should be reduced when the network load conditions exceeds a threshold a, where 0 < a < 1, where 1 represents 100% full network load. The resource utilization can be reduced by increasing MCS and/or by skipping transmissions, for example. The threshold can be set by the eNB during configuration of Mode 2. It is proposed that the network load conditions be estimated based on sensing of SA contents and/or energy based sensing. Furthermore, the eNB can also request a network load measurement report from the UE, for example, to help select the transmission path(s) for V2V messages between PC5 and Uu interfaces based on the PC5/Uu load [5].  
It is proposed that the transmitting UE always starts transmissions with minimum resources needed for the required data transmission (e.g. using highest allowed MCS).  It is allowed to then gradually start utilizing more resources in future transmissions (reducing the MCS, for example) to improve reliability as needed as long as the network load conditions stay below a threshold b, where 0 < b ≤ a.  When the network load conditions are between b and a, the resource utilization of the transmitting UE is not changed.  When the network load exceeds threshold a, the resource utilization by the transmitting UE should be reduced. The thresholds a and b can be defined as part of RRC configuration of Mode 2, for example. 
Figure 3 shows an example where the transmitting UE takes different actions to support fairness according to the resource utilization (load).
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Figure 3: Resource selection based on fairness criteria
Proposal 3: The following fairness criteria are adopted for UE autonomous resource selection:

· Fairness Criteria 1: In the autonomous resource allocation mode, a UE should provide other UEs equal opportunities to access the network

· Fairness Criteria 2: In the autonomous resource allocation mode, a UE should not use more resources than necessary for its transmissions.
Proposal 4 : The network load as observed by the UE is defined as the percentage of unavailable data and/or SA resources observed by the UE based on sensing and is used to maintain fairness in resource selection.

Proposal 5: A UE shall select resources such that its observed network load does not exceed a configurable threshold. A UE is allowed to increase resource utilization if the network load is below a configurable threshold. 

2.3.2  Resource selection for PSCCH transmission:

    The PSCCH transmission is linked with the PSSCH transmission. The PSCCH resource availability is explored based on timing derived from a configurable range of values prior to the desired transmission of the PSSCH. Let Kmin be the minimum number of resource block groups (RB groups) needed for transmitting PSSCH. Let the number of resource block groups available for transmission of PSSCH based on the result of sensing be K.If K < Kmin, there is no transmission else the PSCCH can be transmitted in one of the identified SA resources based on sensing of the SA pool in time resources corresponding to the configurable range offset in time from the PSSCH resource.  The chosen timing offset for the PSSCH transmission is indicated in the PSCCH. 

If both conditions for PSCCH and PSSCH transmission are satisfied, the transmission proceeds at the next opportunity. i.e. PSCCH and PSSCH need to be transmitted jointly and the resource allocation of PSSCH and the timing offset, if any, is indicated in the PSCCH.
Proposal 6: PSCCH resources are selected based on the configurable timing offset, assuming frequency resources exist for transmission in at least one of the possible timing offsets. 
Figure 4 shows the procedure for selecting PSCCH resources after PSSCH resource selection.  The time and frequency resources for PSSCH are first selected based on sensing. Based on the potential transmission for PSSCH, the time resource options for PSCCH are first explored based on the range of values configured for the timing relationship between PSCCH and PSSCH. A particular choice of PSCCH time and frequency resources are then explored for indication of the transmission of the PSSCH resources. If no suitable PSCCH resource is found, even though PSSCH resources are available, the transmission is terminated due to lack of control channel resources.   
Proposal 7: PSSCH resources are selected before PSCCH resources, assuming sufficient resources exist for PSSCH transmission at highest MCS.
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Figure 4: PSCCH resource selection
2.4 Selection-III: Identifying parameters for transmission
2.4.1 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 result of sensing and viewing the network load be K.
If K < Kmin, there is no transmission and the UE waits for the next opportunity to transmit
If K ≥ Kmax, the UE selects a rate for PSSCH utilizing up to Kmax resource blocks and can transmit at the next opportunity. 
If Kmin ≤ K ≤ Kmax, the UE selects a rate for PSSCH utilizing up to K resource blocks and can transmit at the next opportunity. 
2.4.2 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. 

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. UE 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, as shown in Figure 1, up to 960 cars are within communication range of a given UE. 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 SA 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 ~16 adjacent vehicles as shown in Figure 5, with a better probability of decoding the SA.
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Figure 5: Freeway scenario under traffic jam (speed = 0 for all UEs)

As shown in Figure 6, the communication range of the vehicles should be adjusted based on the UE speed and geo-location to improve SA scan decoding for collision avoidance. 
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Figure 6: Adapting transmission power based on traffic

Proposal 8:  Transmit power should be adjusted as part of resource reselection based on UE speed and geo-location.  

Based on the sensing results in mode 2, if there is no vehicle UE occupying any resources, the transmitting UE picks one of the available SA (PSCCH) and data (PSSCH) resources for transmission of its SA and data for the next transmission opportunity. It assumes all resources are available for PSSCH and PSCCH transmission in this case. It transmits at a baseline allowed power according to power control rules for PSSCH and PSCCH. For example, in some cases, this baseline allowed power could be the maximum allowed power for PSSCH and PSCCH. As increased resource utilization is observed based on sensing, which implies increased traffic density, the transmitting UE excludes those SA and data resources for its transmissions and lowers its transmit power dynamically for every transmission. The transmit power can be dynamically lowered based on resource usage estimated via sensing, until the power reaches the minimum value required to maintain a minimum link distance (for example, 10 m or so). This allows greater spatial re-use of resources due to power control. 
Proposal 9:  Decrease UE transmission power based on increased resource utilization observed during resource selection to reduce collisions to other UEs.
Figure 7 illustrates several examples of the power adjustment based on the sensing results. In Case 1, the sensing does not show any UE occupancy. In this case, the transmitting UE picks one of the available SA and data resource blocks (RBs) for its transmission, which is sent at an initial baseline allowed power set by the power control rules for PSSCH and PSCCH. The resource block can represent SA and/or data transmission and the height of the resource block represents the corresponding transmit power. In cases 2,3,4, as increased resource utilization is observed based on sensing, the transmitting UE starts lowering its transmit power and excludes the indicated occupied resources for its next transmission. In case 5, there is no resource available for transmission based on sensing. In this case, the UE does not transmit and waits for the next opportunity.  
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Figure 7: Transmit power setting for UE autonomous resource mode
3. Conclusion
The following proposals are made to support resource selection for UE autonomous mode. 
Proposal 1: It is proposed that resource (re-)selection in UE autonomous mode consist of 3 parts: resource exclusion after sensing, resource selection among available resources, and transmission parameter setting. 

Proposal 2: It is proposed that the sensing duration parameters be configured as follows: a = 1000, b  = 4, c < 100 (UE dependent), dmin = c,  dmax = 100+c, 1000+c > e > dmax.
Proposal 3: The following fairness criteria is adopted for UE autonomous resource selection:

· Fairness Criteria 1: In the autonomous resource allocation mode, a UE should provide other UEs equal opportunities to access the network

· Fairness Criteria 2: In the autonomous resource allocation mode, a UE should not use more resources than necessary for its transmissions.

Proposal 4 : The network load as observed by the UE is defined as the percentage of unavailable data and/or SA resources observed by the UE based on sensing and is used to maintain fairness in resource selection.

Proposal 5: A UE shall select resources such that its observed network load does not exceed a configurable threshold. A UE is allowed to increase resource utilization if the network load is below a configurable threshold. 

Proposal 6: PSCCH resources are selected based on the configurable timing offset, assuming frequency resources exist for transmission in at least one of the possible timing offsets. 
Proposal 7: PSSCH resources are selected before PSCCH resources, assuming sufficient resources exist for PSSCH transmission at highest MCS. 
Proposal 8:  Transmit power should be adjusted as part of resource reselection based on UE speed and geolocation.  

Proposal 9:  Decrease UE transmission power based on increased resource utilization observed during resource selection to reduce collisions to other UEs.
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