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1. Introduction

To address V2V mode 2 autonomous resource allocation, 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]. According to the previous meeting, 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. 
	RAN1#84 Chairman note
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

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
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

· ……
· Issue 8: How to determine the amount of resources to use


In this contribution, we discuss the explicit and implicit approaches to achieve “sensing with semi-persistent transmission” for UE autonomous resource selection. Both approaches require the SA resource hopping to avoid collision. We also provide the simulation results for the explicit and implicit approaches in terms of collision probability, throughput and delay.
2. Discussion on Resource Allocation Enhancements  
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.
Rel-12 ProSe mode 2 resource allocation has the severe SA collision problem and thus the data collision. The reason is that the mode 2 UE randomly selects the first resource to transmit SA without sensing, and the second resource to transmit SA is one-one mapping to the first resource. That is, Rel-12 mode 2 SA resource pool in a SA period is virtually regarded as two disjoint subsets, as shown in Figure 1. So, the first SA collision must lead to the second SA collision. What’s worse, the UE receivers rely on the SA content to know where to receive data (explicit approach). SA collision results in that the UE receiver cannot correctly receive data. In the meanwhile, the UE transmitter with SA collision still wastes energy to transmit data, but actually there are no UE receivers. 
For V2X [3], 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 [4]. 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

There are basic two approaches for the UE to obtain information for identification of the resources that will be occupied and/or collided by the other UEs: explicit and implicit. In the explicit approach, the UE receivers need to decode the SA content so as to know the information of receiving data. SA collision will degrade the performance of the explicit approach. In the implicit approach, there is a pre-configured mapping between the SA resources and data resources. The UE receivers do not need to exactly decode the SA content. Basic energy sensing of the SA enables the UE receivers to receive data.
Observation 1: SA decoding is used for the explicit approach, and energy sensing is used for the implicit approach. 
Enhanced explicit approach (Carrier sense and resource hopping)
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. The first SA resource is also randomly chosen. In the meanwhile, the UE transmitters have to sense the empty SA resources in the first subset of SA resource pool. Due to the half-duplex restriction, the UE transmitters with sensing capability cannot know if its first SA transmission is collided or not. However, thanks to the sensed empty SA resources, the UE transmitters at least know there is no other transmitter using the empty resources, and hopefully their corresponding mapping ones in the second SA subset. So, the UE transmitters can hop to one of the corresponding empty SA resources for SA transmission. Even if the 1st SA is collided, the 2nd SA is not necessarily to be collided. A hopping probability is introduced to avoid the situation that all UE transmitters jump to the few empty SA resources. That is, some UE transmitters can randomly hop to one of the empty SA resources for the second SA transmission. As shown in Figure 2, the yellow resource is used by UE1 and UE2, but they cannot detect the collision due to half-duplex. They can either hop to an empty SA resource or stick to the original one-one mapping SA resource, for the 2nd SA transmission. So, the SA collision is resolved in the 2nd subset. 
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	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


After applying the enhanced explicit approach in the system, it is more likely for the UE receivers to receive one of the SA, 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. The detailed simulation setting can be referred to [4]. 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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	Figure 3. SA collision probability: 
Rel-12 vs. enhanced explicit approach
	Figure 4. Data collision probability: 
Rel-12 vs. enhanced explicit approach
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	Figure 5. Throughput of explicit approaches
	Figure 6. Delay of explicit approaches


Observation 2: As shown in Figure 3, the SA collision probability is reduced in the enhanced explicit approach (red lines). SA collision probability decreases because of sensing and resource hopping. In this way, SA transmission is not subject to 1:1 mapping and collision. The UE receivers have higher chances to decode at least one of the two SAs.
Observation 3: As shown in Figure 4, the data collision probability is reduced in the enhanced explicit approach. Data collision occurs because (1) The UE receivers do not know where to receive data due to unsuccessful SA content decoding, and (2) The UE transmitters select the same data resources for data transmission. The enhanced explicit approach somehow alleviates the impact from the first reason. But, the system still suffers from data collision due to the second reason.
Observation 4: As shown in Figure 5 and Figure 6, the enhanced explicit approach achieves higher throughput and less delay than the R12 explicit approach. The throughput has a maximum value given a certain UE loads. Then, as the UE transmitter number increases, the throughput decays and the delay continues to increase due to collision and retransmission. 
Proposal 1: For less collision, better throughput and less delay, sensing and resource hopping to the empty resources are needed for UE autonomous resource selection.
Enhanced implicit approach
If explicit approach is applied, the data collision happens due to two reasons: (1) unsuccessful SA decoding, and (2) the same selection of data resources in SA contents from different UE transmitters. If implicit approach is applied, the data collision only occurs when unsuccessful SA decoding. Once the SA is successfully decoded, only one UE transmitter uses the SA resources, and thus the corresponding data resources. 
Observation 5: For the explicit approach, either SA collision or SA content collision leads to data collision.
Observation 6: For the implicit approach, only SA collision leads to data collision.
Proposal 2: How to alleviate data collision is FFS for the explicit approach.
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 with sensing and resource hopping to the empty resources is introduced. In each slot, due to the half-duplex constraint, each UE transmitter has the chance to sense and record what frequency channels are occupied and whether the frequency channel they use previously is occupied. A list is needed to record the status of all frequency channels. Based on the list, the UE transmitter prevents itself from SA resource collision. The procedure of enhanced implicit approach is illustrated in Figure 7, where UE1 and UE2 reach SA collision free. In each slot, the UE transmitter either transmits or senses. If it senses, it keeps the list updated and delete the frequency channel occupied. If it transmits, it reuses the selected frequency channel as long as the channel is still available in the list; otherwise, it uses a new selected frequency channel from the list; worst of all, it stops transmitting if the list is empty. 
Observation 7: 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. 
Observation 8: Higher channel number allows more UE transmitters for collision free transmission, as shown in Figure 9. Compared to the results in Figure 3 and Figure 4, the enhanced implicit approach provides more reliable SA/data transmission and accommodates more UE transmitters. 
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	Figure 7. Enhanced implicit approach (e.g., UE1 and UE2 are transmitters)
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	Figure 8. Collision probability vs. time
	Figure 9. Collision probability vs. TX number
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	Figure 10. Throughput of enhanced implicit approach
	Figure 11. Delay of enhanced implicit approach


Observation 9: As shown in Figure 10 and Figure 11, the channels/resources are fully utilized given a certain UE loads, for the reason that the throughput is maximized and delay is small. The overall throughput is higher than the explicit approaches. The overall delay is less than the explicit approaches.
Proposal 3: The implicit approach is supported for V2V scenarios. 
Proposal 4: The mapping between SA frequency channels and data channels is considered for the implicit approach. 
Proposal 5: A channel list is updated by a UE to reduce SA/data collision.
3. Conclusions
In this contribution, we discuss SA/data collision reduction, throughput and delay based on the explicit and implicit approach for UE autonomous resource selection.  
Proposal 1: For less collision, better throughput and less delay, sensing and resource hopping to the empty resources are needed for UE autonomous resource selection.
Proposal 2: How to alleviate data collision is FFS for the explicit approach.
Proposal 3: The implicit approach is supported for V2V scenarios. 
Proposal 4: The mapping between SA frequency channels and data channels is considered for the implicit approach. 
Proposal 5: A channel list is updated by a UE to reduce SA/data collision.
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