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1. Introduction
To address V2V UE autonomous resource allocation (mode 2), the combination of Collision avoidance based on sensing (P1), enhanced random resource selection (P2) and location-based resource selection (P3) is the general guideline [1]. Sensing with semi-persistent transmission is supported, but the details are FFS [2]. A UE can select the sets of resources according to the geo information. We point out two alternatives for UE autonomous resource selection: enhanced explicit approach and enhanced implicit approach [3] in RAN1#84bis. In these two approaches, sensing and resource hopping are required to achieve lower collision probability, less delay and better throughput. According to [4], SA decoding and energy measurement are supported for sensing. We list the agreement related to UE autonomous resource selection as below.

	RAN1#84bis Chairman note
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]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.

Agreement:
· In UE autonomous resource selection mode, SA can be transmitted for every TB.
· FFS whether to support transmitting and/or receiving TB without SA
· FFS whether every data (re)transmission for the same TB has the associated SA transmission.
Agreement:
· In UE autonomous resource selection mode,
· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers
· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer
· FFS whether this indication is implicit or explicit.
· FFS if and how to signal the value for e
· FFS how the UE determines the value for e
· FFS whether e is a single value or can be multiple values
· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.
· FFS how the UE decides to indicate this
· Other details FFS
Conclusion for Energy measurement for sensing:
· Continue discussion until next meeting for the following options for the purpose of resource selection for PSSCH
· Measurement of reception power of the decoded SA
· Measurement of energy in SA resource
· Measurement of energy in data resource
Agreement:
· Reselection is triggered if
· A counter meets an expiration condition, or
· The counter is reset to a value when reselection is triggered.
· FFS whether this value is random, fixed, and/or the same across UEs
· UE identifies that the current resource allocation cannot fulfil the requirement, e.g., latency, reliability, priority, fairness, or QoS requirement (details FFS), or
· FFS how to impose limitation in the resource size selected by a UE
· Working assumption: UE detects resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) of another UE which potentially overlaps with its current resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement)  and the detected situation meets a condition, or
· The condition is FFS, not precluding applying different conditions for different priorities (if any relevant case happens in priority handling from RAN1 point of view).
· eNB triggers reselection, or
· FFS whether some information needs to reported from UE to eNB
· FFS additional condition(s), e.g.,
· If it is supported that a UE can notify later that it no longer intends to use the resource at a future TTI, reselection triggering condition related to this notification.
· Reselection triggered by notification on resource collision from another UE
· Reselection triggered by sensing of resources utilization above a threshold
· Reselection triggered by higher layer
· Other conditions are not precluded




In this contribution, we discuss the explicit and implicit approaches to achieve “sensing with semi-persistent transmission” for UE autonomous resource selection. We discuss the usage of energy measurement. We further discuss the design principle of combining sensing and enhanced random resource selection. At last, the performance considering UE mobility is shown.
2. Overview of Explicit and Implicit Approaches  

For UEs which are OOC, i.e. cannot connect to the eNB due to either interference or location, and need to communicate with other UEs, they must resort to using ProSe mode 2 resource selection methods. In mode 2 resource allocation, the UEs autonomously select resources using a pre-defined resource pool. As a vehicle may be OOC or unable to connect to the eNB, a vehicle will also make use of mode 2 autonomous resource selection.

For V2X [5], due to the mobility of the UE and need to quickly establish communication with other mobile or stationary devices, we propose two alternative method of resource selection based on collision avoidance and enhanced resource selection [6]. One is enhanced explicit approach, and the other one is enhanced implicit approach. In both approach, we assume geo-info is preconfigured for the resource pool setting.

Definition of explicit and implicit approaches

In the UE autonomous resource selection, UE transmits SA in TTI n+c indicating the associated data, which is transmitted in TTI n+d (FFS d with d>=c). Two fundamental approaches for the indication: explicit and implicit. 
In terms of the explicit approach, the indication is carried in SA content. So, UE receivers need to decode the SA content to know the information of data resources, i.e. the TTI and frequency resources for data transmission. Thus, SA blind decoding may not be applicable for explicit approach. The performance of explicit approach degrades either when SA resource collision or when SA content collision, which leads to data collision.
Regarding to the implicit approach, there is a pre-configured association between the SA resources and data resources. The data transmission is free of collision for any two UEs selecting disjoint SA resources. Basic energy measurement of SA resources is required to avoid SA collision.

Observation 1: In the explicit approach, SA decoding is used. The perform downgrades in two situations: (1) SA resources are collided, and (2) SA contents are collided, leading to data collision.

Observation 2: In the implicit approach, energy sensing is used. The perform downgrades when SA resources are collided.

In both the explicit and implicit approaches, we observe that energy measurement of sensing is necessary to avoid collision. The guideline of the UE transmitters is to prevent from selecting SA resources and data resources, which are selected by other UEs. Thus, a resource list can be helpful for the UE to distinguish the resources, i.e., which resources can be selected and which resources cannot be selected. Through energy measurement for sensing resources between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers, the resource list is updated in each time the UE senses. For example, the resource list is updated during TTI n-a and TTI n-b when the UE senses. According to the resource list, the UE selects (possibly) un-collided resources at TTI n when resource selection/reselection is triggered.

Observation 3: To avoid collision, UE transmitters update the selected SA/data resources based on the energy measurement for sensing.

Proposal 1: In the process of updating the selected SA/data resources, a resource list is used for UE transmitters to manage the available/unavailable SA/data resources.

       Measurement of energy in SA resource is a must in both explicit and implicit approaches. In the implicit approach, measurement of reception power of the decoded SA may not be necessary because the SA is not decoded. Considering the manageable UE complexity, measurement of energy in data resources may not be necessary if the UE autonomous resource selection is properly designed during SA transmission.

Proposal 2: Measurement of energy in SA resource is a must for both explicit and implicit approaches to judge whether the SA resource is occupied. 

Proposal 3: Considering the UE manageable complexity, measurement of energy in data resource may not be necessary if the SA selection principle and the associate between SA and data are properly designed. 

3. Enhanced Explicit Approach

Rel-12 mode 2 ProSe resource allocation is a form of explicit approaches. The SA period is constituted by a SA transmission pool and a data transmission pool. The SA transmission phase is followed by a data transmission phase. As illustrated in Figure 1, the same SA content is transmitted twice by the UE in a SA transmission pool. The UE randomly selects the 1st SA resource without sensing. The 2nd SA resource is one-one mapping to the 1st resource. SA resource pool in a SA period is virtually regarded as two disjoint subsets. The SA content explicitly indicates the data resources (i.e, T-RPT and frequency resources) used for data transmission in the same SA period. 

Rel-12 ProSe mode 2 resource allocation has the severe SA collision problem and thus the data collision. Without sensing, the 1st SA collision inevitably leads to the 2nd SA collision. The UE receiver cannot correctly decode SA so that it cannot receive data. Without sensing, the UE transmitter cannot know that SA collision happens. It still wastes energy to transmit SA and data, leading to severe traffic jam and collision. Without sensing, two UEs might select the same data resources (i.e., the same T-RPT and frequency resources), indicated in their SA contents. Even though SAs are not collided, data still collides.

Observation 4: Sensing SA resources can avoid SA collision. Decoding SA content can avoid data collision in the explicit approach.

Proposal 4: Measurement of reception power of the decoded SA is necessary to prevent data collision in the explicit approach.


Due to the half-duplex property of a UE, energy measurement for sensing to avoid collision is not sufficient for UE autonomous resource selection. Sensing provides the information of the history of resource usage, e.g., from TTI n-a to TTI n-b (FFS a and b with a>b>0). But, only sensing cannot guarantee the selected resource at TTI n is collision-free. Enhanced random resource selection combining sensing should be considered.

Observation 5: Sensing provides resource usage in the past, but only sensing cannot guarantee collision avoidance.

Proposal 5: Enhanced random resource selection based on the sensing results should be considered for UE autonomous resource selection.

To avoid severe SA collision in Rel-12 explicit approach, an enhanced explicit approach with sensing and resource hopping can be applied to facilitate the performance: SA collision probability, data collision probability, throughput, and delay [3]. As shown in Figure 2, the yellow SA resource is used by UE1 and UE2, but they cannot detect the collision due to half-duplex. UE1 and UE2 sense in SA transmission phase, update the available resources in the resource list, and make decision on the 2nd SA transmission. Taking Rel-12 explicit approach for example, there is one-one mapping between the resources in the 1st SA resource subset and that in the 2nd SA resource subset. Thus, UE1 and UE2 sense the 1st SA resource subset, update the available resources in the resource list, and transmit the 2nd SA through resource hopping approach. The resource hopping approach allows UEs with a hopping probability to transmit the 2nd SA in the 2nd SA resource subset, which is available in the resource list.
 
After applying the enhanced explicit approach (sense, update a resource list, and transmit the 2nd SA with resource hopping technique), it is more likely for the UE receivers to receive at least one of the SAs, and thus correctly decode the SA to acquire the information of data. The simulation results show the enhanced explicit approach reduces the SA and Data collision probability, in Figure 3 and Figure 4. The detailed simulation setting can be referred to [6]. Data collision probability is defined as the ratio of data corrupted to the total transmitted data. SA collision is defined as the ratio of the number of transmission collisions in the SA phase to the total number of transmissions.
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	[bookmark: _Ref445300049]Figure 1.  1:1 mapping resources in the SA transmission phase (e.g.,  8x8 PRB in SA transmission phase)
	Figure 2. Enhanced explicit approach: 
the collision of UE1 and UE2 is resolved
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	[bookmark: _Ref445303193]Figure 3. SA collision probability: 
Rel-12 vs. enhanced explicit approach
	[bookmark: _Ref445303157][bookmark: _Ref445303151]Figure 4. Data collision probability: 
Rel-12 vs. enhanced explicit approach



Observation 6: Before the associated data transmission, the same SA content is transmitted more than once to utilize the sensing result and avoid SA collision.

Observation 7: Enhanced explicit approach considers sensing, updating the resource list based on sensing results, and resource hopping based on the resource list.

4. Enhanced Implicit Approach

Unlike explicit approach, implicit approach brings the benefit that only SA collision leads to data collision. For example, when UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers, the indication between c and d can be pre-configured. The association between the SA frequency resources and associated data frequency resources can be pre-configured. In other words, UE complexity can reduce if design parameters are pre-configured.

As latency is a stringent requirement for V2V scenario, the explicit/implicit approach should achieve both short SA transmission times and less SA/Data collision probability. An enhanced implicit approach was introduced [3], where the SA frequency channels map to corresponding data channels. Each UE transmitter has the chance to sense or transmit in each TTI. When it senses, it updates available frequency channels in its resource list. If the selected SA channel is in the resource list, it uses the SA channel for SA transmission. If not, it randomly chooses one available from the resource list. The procedure of enhanced implicit approach is illustrated in Figure 7, where UE1 and UE2 reach SA collision free.

This approach reaches collision free in short time, as shown in Figure 8 with channel number Nch=25. Once the SA resources achieve collision free, the data is collision free as well, for the reason that the SA frequency channels are implicitly one-one mapping to the data channels. Higher channel number allows more UE transmitters for collision free transmission, as shown in Figure 7. Compared to the results in Figure 3 and 4, the enhanced implicit approach provides more reliable SA/data transmission and accommodates more UE transmitters. 

Observation 8: In the implicit approach, the mapping between SA frequency channels and data channels is considered.

Observation 9: To avoid SA collision in the implicit approach, multiple SA transmission is required to utilize the sensing result.

Observation 10: Enhanced implicit approach considers sensing, updating the resource list based on sensing results, and resource hopping based on the resource list.

Proposal 6: Enhanced random resource selection considers multiple SA transmission in the SA period.

Proposal 7: Enhanced random resource selection considers the explicit and implicit approach.

Proposal 8: Enhanced random resource selection considers sensing, updating the resource list based on sensing results, and resource hopping based on the resource list.

Proposal 9: The mapping between SA frequency channels and data channels is considered for the implicit approach. 
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	[bookmark: _Ref445303290]Figure 5. Enhanced implicit approach (e.g., UE1 and UE2 are transmitters)
	[bookmark: _Ref445303315]Figure 6. Collision probability vs. time
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	[bookmark: _Ref445303357]Figure 7. SA collision probability: enhanced implicit approach
	Figure 8. Data collision probability: enhanced implicit approach


5. Resource Allocation considering Mobility 

The performance of resource allocation can be affected by the UE locations and UE mobility. We rarely find the contributions evaluating the performance of resource allocation considering the UE mobility. However, when it comes to V2V scenarios, mobility can affect the resource allocation design. Especially for the UE autonomous resource selection case, UE mobility can make the sensing result imperfect. The sensed to be available resources might become invalid when the UE moves to another location. In this section, we provide the SA collision probability of the enhanced explicit/implicit approaches under different UE transmitter number, where they move at 15km/hr in the urban case.

To compare the SA collision probability in the explicit approach, we can compare Figure 3 and Figure 9 for the explicit approach as the Figure 7Figure 10We observe that the SA collision probability decreases in both enhanced explicit and implicit approaches when UE mobility is considered. The reason might be that when the sensed signal quality is considered, resource reuse is possible. So, the collision probability decreases. From another aspect, the gain of enhanced explicit approach is slightly less (though it is superior to the R-12 approach), as shown in Figure 8. The reason can be the mistake of using the sensing results. The sensing result itself is correct, but it varies time to time. At time t1, the sensing result is acquired. At time t2 (t2>t1), the resource selection is made based on the sensing result. However, the sensing result can become slightly false because the UE moves from t1 to t2. As shown in 


Observation 11: SA collision probability decreases considering the actual signal quality as the sensing criteria.

Observation 12: UE movement can make the sensing result improper. 
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	[bookmark: _Ref450555604]Figure 9 SA collision probability with mobility: 
Rel-12 vs. enhanced explicit approach
	[bookmark: _Ref450818619]Figure 10 SA collision probability with mobility: enhanced implicit approach


6. Conclusions
In this contribution, we discuss energy measurement for sensing, update available resources by utilizing the sensing result, and resource hopping based on the explicit and implicit approach for UE autonomous resource selection.  

Proposal 1: In the process of updating the selected SA/data resources, a resource list is used for UE transmitters to manage the available/unavailable SA/data resources.

Proposal 2: Measurement of energy in SA resource is a must for both explicit and implicit approaches to judge whether the SA resource is occupied. 

Proposal 3: Considering the UE manageable complexity, measurement of energy in data resource may not be necessary if the SA selection principle and the associate between SA and data are properly designed. 

Proposal 4: Measurement of reception power of the decoded SA is necessary to prevent data collision in the explicit approach.

Proposal 5: Enhanced random resource selection based on the sensing results should be considered for UE autonomous resource selection.

[bookmark: _Ref445301960]Proposal 6: Enhanced random resource selection considers multiple SA transmission in the SA period.

Proposal 7: Enhanced random resource selection considers the explicit and implicit approach.

Proposal 8: Enhanced random resource selection considers sensing, updating the resource list based on sensing results, and resource hopping based on the resource list.

Proposal 9: The mapping between SA frequency channels and data channels is considered for the implicit approach. 
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