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1. Introduction
In RAN 1_84, the following agreement was made (see [1]): 

· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
In addition, the following agreement was made:

· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS
In this contribution, we present details on sensing to minimize collisions and also the selection process for transmissions after sensing has been performed.
2. Discussion
2.1 Sensing techniques
Two approaches can be considered for sensing:
(1) Sensing based on SA scan (PSCCH decoding) of other UEs: The locations of the SA transmissions are assumed to be known and decodable by all UEs (Blind decoding could be used, if required).  If the SA of another UE is decoded successfully, the transmitting UE has guaranteed knowledge of future SA and data transmissions and resource utilization of that UE. Since there is an agreement on restricting number of PSCCH in a subframe (see agreement in [1]), the complexity of this decoding is not significant. Successful decoding of the SA of all interfering UEs may be difficult under high interference (low SINR), which can occur in dense traffic scenarios. 
(2) Energy based sensing: The energy sensing is performed in the frequency domain. An energy threshold or some relative measure can be used to identify available resources for transmission. The result may not be highly reliable esp. at low SNR and high mobility scenarios, but may provide acceptable values of probabilities of misdetection and false alarm, in certain conditions. This method has been analyzed in [2].
While both energy scan and SA scan based sensing are complementary, energy scan provides guaranteed knowledge of future resource transmissions, and is thus preferred. 
Observation 1:  SA scan and energy based sensing mechanisms are complementary. It is possible to perform energy based sensing as a secondary step for collision avoidance if SA scan fails to detect UEs due to high interference/low SINR conditions.  Support for energy sensing can be a vendor implementation differentiation.
Proposal 1:  The transmitting UE shall first exclude future resource usage indicated by successful decodes of the PSCCH of other UEs in its resource selection for Mode 2 operation. 

 2.2 SA scan sensing with transmit power control

One issue for SA scan based sensing that was discussed in RAN1_84 meeting was that of the probability of decoding SA under high traffic scenarios. We propose to use transmit power control in conjunction with SA scan sensing 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 1, with a better probability of decoding the SA.
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Figure 1: Freeway scenario under traffic jam (speed = 0 for all UEs)

As shown in Figure 2, 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 2 Adapting transmission power based on traffic
Proposal 2:  Evaluate SA scan based sensing in conjunction with transmit power control based on UE speed and geolocation.  

2.3 Resource exclusion based on sensing with dynamic power control
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. 

The dynamic power adjustment for SA and data is done individually irrespective of whether it is TDM or FDM multiplexing of SA and data, where the initial transmit power (assuming no other UE is sensed) is set according to power control rules for PSSCH and PSCCH.

Proposal 3:  Decrease UE transmission power based on increased resource utilization observed during sensing to reduce collisions to other UEs.
Figure 2 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 3 : Sensing under dynamic transmit power control
2.4 Resource selection after excluding other UE resources
Some vehicles may face poor Quality of Service (QoS) if resources are always occupied as shown in case 5 of Figure 2. In such cases, some fairness measure needs to be incorporated to support such cases. 

For example, if the sensing result for a transmitting UE indicates that a certain percentage of occupied resources have been exceeded, the transmitting UE should discontinue its semi persistent schedule and will follow resource reselection. This will give other UEs more opportunities to gain access for transmission.  The UE can also reduce its periodicity and/or skip some of its semi persistent transmissions in this case. 
Proposal 4:  Provide opportunities to other UEs to gain access for transmission if occupied resources in scan exceed certain threshold to provide fairness to all mode 2 vehicles
The UE transmission and its transmission rate (MCS) can be decided based on the number of contiguous resource blocks available after excluding the occupied resources based on sensing. 


Let Kmin be the minimum number of resource blocks (RBs) needed for transmitting the PSCCH and/or PSSCH. If PSCCH and PSSCH are transmitted in FDM in a single-cluster (i.e. contiguous), then Kmin is the sum of those resources else the resource selection is considered individually for PSCCH and 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 PSCCH and/or PSSCH. This configuration can be based on the lowest MCS used for transmission of PSSCH. For PSCCH transmission in TDM or for multi-cluster (non-contiguous) transmission, Kmax = Kmin.  Let the number of resource blocks available for transmission of PSSCH and/or PSCCH based on the result of sensing be K.

For PSCCH transmission:

· If K < Kmin, there is no transmission and the UE waits for the next opportunity to transmit 

· Else the PSCCH can be transmitted at the next opportunity

For PSSCH transmission:

· 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. 

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 together and the resource allocation of PSSCH is indicated in the PSCCH. 
One method for resource selection would be to randomly select K contiguous blocks, if available. However, this may cause resource fragmentation, and possibly disallow larger RB selection for transmission. Another option could be to choose the resource blocks to be contiguous to an existing transmission to maximize number of contiguous block availability for other UEs. 
Proposal 5:  Choose resource blocks to be contiguous to an existing transmission of another UE to minimize resource fragmentation and maximize number of contiguous block availability for other UEs. 

2.5 UE report for resource occupancy status
If V2V resources are overloaded, new V2V UE may not be able to find any available resource for the transmission of its own V2V messages by sensing mechanisms. For resolving this issue, one possible solution could be to adjust the resource pool size itself, especially for mode 2 operation. However, until Rel-13, there is no way for eNB to estimate the sidelink load situation in order to adjust the size of the resource pool to an appropriate level. For PC5-based V2V, sensing based resource selection has been agreed and accordingly the V2V UE can now interpret how much resources are already occupied by other UEs by sensing. If there is a means for the V2V UE to report the resource occupancy status to eNB based on its own sensing behavior, for example, under network coverage, it can give some indication for the eNB to adjust the resource pool size for mode 2 transmissions in that geographical location. 
Proposal 6: Introduce a UE reporting mechanism for the resource occupancy status based on sensing.
3. Conclusion
Based on the discussion, the following observation and proposals are made:
Observation 1:  SA scan and energy based sensing mechanisms are complementary. It is possible to perform energy based sensing as a secondary step for collision avoidance if SA scan fails to detect UEs due to high interference/low SINR conditions.  Support for energy sensing can be a vendor implementation differentiation.

Proposal 1:  The transmitting UE shall first exclude future resource usage indicated by successful decodes of the PSCCH of other UEs in its resource selection for Mode 2 operation.

Proposal 2:  Evaluate SA scan based sensing in conjunction with transmit power control based on UE speed and geolocation.  
Proposal 3:  Decrease UE transmission power based on increased resource utilization observed during sensing to reduce collisions to other UEs.
Proposal 4:  Provide opportunities to other UEs to gain access for transmission if occupied resources in scan exceed certain threshold to provide fairness to all mode 2 vehicles

Proposal 5:  Choose resource blocks to be contiguous to an existing transmission of another UE to minimize resource fragmentation and maximize number of contiguous block availability for other UEs. 

Proposal 6: Introduce a UE reporting mechanism for the resource occupancy status based on sensing.
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