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At the RAN1 #84 meeting, UE autonomously resource control/selection mechanism was discussed. The following agreements and observations were achieved [1]:
Agreements:
· 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
Observations:
· The following issues can be considered for resource allocation for V2V mode 2. It does not mean that each issue requires a solution.
· Issue 1: SA resource selection
· Sensing is used if SA and the associated data are transmitted in the same subframe
· FFS between random and sensing if not
· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs? 
· Based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination. 
· Issue 3: What does the UE do with this information?
· Based on energy sensing: 
· Option 1: Resources with relatively low energy can be selected. Resources with relatively high energy are not selected.
· Option 2: To select resources that lead to FDM with resources on which high energy is observed.
· Based on SA decoding: UE avoids resources indicated by the decoded SA.
· Issue 4: Reselection
· Reselection may be triggered if UE recognizes a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).
· Reselection may be triggered periodically, randomly, or in a combination of the two.
· Reselection may be triggered by eNB instruction or geo-information.
· Reselection may be triggered if traffic characteristics is changed.
· Issue 5: Signaling to aid sensing
· E.g., reservation
· Issue 6: Priority
· Issue 7: Coexistence of mode 1 and 2
· Issue 8: How to determine the amount of resources to use
In this contribution we provide our views for issues 1 through 6.
Discussion
 Mode 2 V2V communication basic procedure
For Rel-14 V2V communication in Mode 2, the basic communication procedure is shown in Figure 1. The technical details of Figure 1 will be discussed in the contribution.


[bookmark: _Ref447099127]Figure 1. Flow chart of data packet transmission
SA transmission
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]SA transmission includes two aspects to study with regards to sensing: 
· Whether sensing should be applied to SA.
· Whether the SA transmission scheme should be random or semi-persistent.
For the resource pool, there are two possible options agreed [1] as follows: 
Agreements:
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· Option 2: Each SA transmission precedes all of its associated data transmissions.
For the resource pool, we prefer option 1, which is discussed in our companion contribution [3]. With option 1, the SA and data can be transmitted in the same subframe or different subframes, which has been addressed in a WF [10]. Here we discuss how to do sensing for SA for Alt. 1 and Alt. 2 shown below. 
Regardless of whether the SA and data are in the same subframe, the SA resource should be selected from the SA resource pool. Semi-persistent transmission of SA is preferred so that another UE can predict which resource will be used in next transmission period based on sensing results of the current period. 
If SA and data are in the same subframe, the SA and data transmission times should always be the same. From our companion contribution, transmitting the SA twice should be supported [11].
Alt 1: SA and data transmitted in the same subframe
To support multiple SA transmissions, if SA and data are in the same subframe, multiple SA transmission resources should be selected independently. In this case, there will be no soft combining operation for SA. Considering that transmission range requirement of V2V is less than D2D, the performance of single SA detection is acceptable [3]. In this case, the SA resource selection can be based on sensing or random selection. 
Alt 2: SA and its associated data can be in different subframes
If the SA and its associated data are in different subframes, the linkage between the multiple SA transmission resources should be defined. One option is reuse the hopping pattern used for D2D. If the existing D2D SA transmission pattern is applied for V2V, it is possible that two UEs selecting the same transmission resource will collide in all retransmissions. Randomization after sensing within the scheduling period can reduce collision.
Based on the above analysis of SA transmission in both options, we propose that
Proposal 1: For sensing based SA transmission: 
· Sensing with semi-persistent transmission is used for SA 
· Randomization after sensing can be used for SA transmission.
Resource selection
The available resources that can be used by UE can be identified by energy sensing, SA/data decoding, assistance from eNB, or a combination. There are both advantages and disadvantages for these methods as shown in the following table.
Table 1. Comparison of different methods
	
	Pros.
	Cons.

	Energy sensing
	· Coarse distance estimation between tx/rx
· No additional signalling overhead in SA/data
	· No information which resource is accurately occupied
· Nearby UE tends to select same resource

	SA/data decoding
	· Exact resource usage is available
· Resource reservation information is available
· Less collision probability for nearby UE
	· Additional signalling overhead for reservation

	Energy sensing + SA/data decoding
	· Exact resource usage is available
· Energy of IBE can be estimated
· Coarse distance estimation between tx/rx
· Less collision probability for nearby UE
	· Higher complexity

	Assistance from eNB
	· More efficient for Mode 2 resource selection
	· Heavy signalling overhead for resource usage indication or resource allocation on Uu
· Frequently resource usage report from UE to eNB



We see benefits of combining energy sensing with SA/data decoding. With SA/data decoding, UE knows which resource is used and has been reserved. With energy sensing, UE can roughly estimate the distance between the transmitter and itself (assuming transmission power is level is known). These two methods are complementary to each other.
For example, if a resource is indicated occupied by SA detection while data detection fails, and high energy is detected on the data resource, there are two possible reasons: in-band emission, or collision on that specific resource If an adjacent resource is determined to be occupied (by SA/data decoding) by another UE, and the distance between transmitter and the receiver is small (by energy sensing), then the high energy is due to in-band emission. In another example, if two SAs indicate that their associated data are sent on the same resource, a collision is the cause for high energy. 
Proposal 2: Combining energy sensing and SA/data decoding can give more accurate resource usage information and thus reduce collision probability. 
From the combined method, one solution is to first decode SA to get unoccupied resource and then perform energy sensing on the unoccupied data resources. First, the UE blindly decodes the SAs in the SA poolto determine the occupied data resources. Those resources will be excluded. Then the UE measures RSRP/RSRQ on the unoccupied data resources. According to the results of energy detection in data pool, UE can determine different transmitting probability on per resource by comparing measurement results with (pre)configured threshold values.
Proposal 3: According to sensing results (e.g. RSRP value) on the unoccupied resource, the UE can determine its probability of transmitting.
Resource reservation and signaling assistance
Resource reservation procedures can be used to reduce resource collisions. A resource pattern consisting of SA resources and data resources is considered occupied if the associated V2V data is successfully decoded (i.e. both SA and data) and a reservation indicator is included. Otherwise it is available. As shown in Figure 2, the red pattern and green pattern are reserved while the white resources show the resources still available. In this procedure, a transmitting UE randomly selects a resource pattern from the available resources and uses it to transmit V2V data and reservation indicator for a number of transmission periods. The transmitting UE will reselect an available resource pattern after N transmissions, if it still has data to transmit. From the view of above analysis, resource reservation can effectively reduce resource collision. 
 (
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[bookmark: _Ref446330539][bookmark: _Ref430782907]Figure 2. Resource reservation
There are several methods that can assist resource reservation. Based on SA/data decoding, some signaling in SA/data should be provided to indicate whether the resource will be occupied in the following scheduling period(s). Some possible methods are listed as follows:
· Method 1: 1 bit in SA to indicate whether the resource in the following period(s) will be used 
· Method 2: N bits in SA to indicate the number of periods reserved for the UE
· Method 3: K bits in MAC CE to indicate whether the resource in the following period(s) will be used
Comparing to method 1, method 2 can indicate how long the resource will be reserved at the cost of more information bits in the SA. By detecting the SA, UE can have full information which resources will be reserved, and the duration. Method 3 has more flexibility, while the detection performance is worse than methods 1 and 2 because SA detection is pre-condition for data detection. 
Proposal 4：Sensing with resource reservation is supported and an indication of the number of periods reserved should be transmitted.
Resource reselection 
Once a resource is occupied by a UE, there should be some conditions that trigger resource reselection for fairness so that other UEs can have opportunity to (re)-select resources. In the following, we give some schemes to implement resource reselection.
Triggered by collision sensing
Collision would happen if two UEs select the same resource based on sensing results. Some collision detection methods can be used to resolve potential collision, such as muting in some specific transmission chances. Each UE could be (pre)configured with different muting pattern. If a collision is detected, reselection will be triggered.
It is possible that two UEs select the same subframe set for transmission, which will result in half-duplex limitation. Muting can also be used to resolve whether there is half-duplex limitation. Once detected, reselection will be triggered. 
Observation 1: Muting can be used for collision and half-duplex limitation detection.
Triggered by eNB instruction 
It is agreed that UEs may reselect resources based on eNB instruction or geo-information [1]. eNB instruction relies on UE reports to acquire V2V link collision status. It is observed that geo-information reporting may fail to capture the collision level. First, due to the dynamics of the vehicle location, transmissions from vehicles far away from each other may lead to signal collision, especially in highway scenarios. Take Figure 3 as example, V4 and V3 approach each other quickly from opposite directions and select the same pool/RBs. Although they are initially far away from each other, as they approach each other, signals on their occupied resources will collide. To overcome this problem, UEs would need to report the location information frequently, e.g., every second or so. Another problem is the NLOS scenario. In Figure 3, V1 and V2 are located close to each other. However, due to the blocking of the building, the two UEs actually can reuse the same resource.


[bookmark: _Ref446330721][bookmark: _Ref447292869]Figure 3. Resource reselection based on Geo-info report
Therefore, the radio environment status is more appropriate for the eNB to assist resource reselection. For example, based on the collision level on PC5, the UE can accurately know the position of colliding resources and empty resources, and then can inform the eNB. The eNB then can use common or dedicated signaling to instruct the UEs using colliding resources to reselect the resources.
Proposal 5: Resource reselection can be triggered by collision sensing or eNB instruction after the UE reports its radio environment.
Priority
If different priorities are defined for V2V service, there should be some ways to differentiate services with different priorities. For example, a different resource pool is used for each service, or a priority level indicated in the SA [4]. Resource selection for UE/services with lower priority should cause less interference to UE/services with higher priority. 
If a resource is used by UE A who has higher priority, other UEs with lower priority should select the subframes which are not used by UE A, or the PRBs in the same subframe of UE A with least in-band emission to UE A. If the resource is not sufficient to serve all of vehicles with equal performance, some congestion control scheme should be applied so that the performance of UE with higher priority is not affected by congestion at the cost of performance reduction for UE with low priority [5]. 
Proposal 6: Resource selection of UE with lower priority should not cause interference to UE with higher priority.
Flexible period of traffic
Existing traffic model for simulations uses a fixed period as in the SAE specification [5]. In ETSI specification [6], the generation time of CAM message is not deterministic and the traffic periodicity is variable. Experimental evaluation has confirmed the variability in [7]. The current design which is based on fixed period maybe not appropriate for flexible period traffic.
For example, assume that the traffic periodicity of UE A is 500ms, as shown in Figure 4. When UE A selects a resource for transmission, UE A needs to reserve the resource in the following transmission periods (per 500ms). If UE B can determine that the resource is occupied by sensing within period 1, it will assume that the same resource will also be occupied in the following periods (per 100ms). This assumption will cause resource inefficiency. If the periodicity information is indicated by UE A, such as in the SA or data, UE B will know how long this resource is occupied, thus resource efficiency can be improved.
Observation 2: Periodicity information indicated by transmitter is helpful to improve resource efficiency.


[bookmark: _Ref446330641][bookmark: _Ref445283900][bookmark: _Ref447292981]Figure 4. Illustration of flexible traffic periodicity

[bookmark: _Ref129681832]Conclusions
In this paper, we discuss the details of sensing, focusing on the open issues. Based on the analysis, we have the following proposals:
Proposal 1: For sensing based SA transmission: 
· Sensing with semi-persistent transmission is used for SA 
· Randomization after sensing can be used for SA transmission.
Proposal 2: Combining energy sensing and SA/data decoding can give more accurate resource usage information and thus reduce collision probability. 
Proposal 3: According to sensing results (e.g. RSRP value) on the unoccupied resource, the UE can determine its probability of transmitting.
Proposal 4：Sensing with resource reservation is supported and an indication of the number of periods reserved should be transmitted.
Proposal 5: Resource reselection can be triggered by collision sensing or eNB instruction after the UE reports its radio environment.
Proposal 6: Resource selection of UE with lower priority should not cause interference to UE with higher priority.
Observation 1: Muting can be used for collision and half-duplex limitation detection
Observation 2: Periodicity information indicated by transmitter is helpful to improve resource efficiency.
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