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Introduction
In RAN1 #84 meeting, the UE autonomous resource allocation was discussed with following agreements and observations [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
· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
Agreements:
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· This does not preclude SA and its associated data transmission in different subframes
· FFS other details
· Option 2: Each SA transmission precedes all of its associated data transmissions.
· FFS the timing relation between SA and its associated data
· FFS which option(s) to support for which type of traffic/resource allocation
· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.
· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS
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 will further discuss UE autonomous resource selection mechanism, and provide our views on above open issues.
Discussion
In general, the V2V traffic is divided into two types [2]: one is the periodic message (CAM message), the other is aperiodic message (DENM message). CAM messages are transmitted periodically, and DENM messages are triggered by critical traffic safety situation, which shall be transmitted immediately after it is triggered, and then transmitted periodically within a predefined time window. Transmission of both V2V traffic type is semi-persisting transmission in nature. Therefore, we propose that semi-persistent transmission mechanism shall be used for both periodic and aperiodic V2V traffic type
Proposal 1: Semi-persistent transmission mechanism shall be used for both periodic and aperiodic V2V traffic type.
1.1. SA resource selection
	· 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



Transmission of SA and its associated data on same subframe is preferred in V2V, since this manner can reduce the impacts of IBE interference and half duplex constraint, and improve the system performance obviously [3]. If data resource selection is based on the sensing with semi-persistent transmission mechanism, it is naturally for SA transmission to reuse the same resource selection mechanism as that of data transmission.
Furthermore, constant relationship between SA resource and data resource will benefit the resource collision avoidance, which is illustrated in Figure 1-a. Without the constant relationship between SA resource and data resource, it is still possible to lead to extra SA resource collision which is shown in Figure 1-b. For example, if two UEs select different data resource at the same subframe, but the same SA resource is selected by the UEs. The reception UE cannot receive the data due to the collision of SA resource. Additionally, the resource collision of SA will lead to SA decoding failure, which will impact the accuracy of sensing results. The similar situation would also happen when separated SA resources are selected, however data resources indicated by SA are overlapped. 
Proposal 2: Sensing with semi-persistent transmission mechanism shall be used for SA resource selection
Proposal 3: Constant relationship between SA resource and data resource is preferred.


Figure 1: Relationship between SA resource and associated data resource
1.2. Sensing 
	· 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. 



In general, from the resource selection aspect, both SA decoding and power sensing shall be included in sensing mechanism. With semi-persisting transmission mechanism, the resource occupation pattern can be predicated by SA decoding, and power sensing can be used by a UE to find adapt resources for its transmission. The power sensing can be derived by SA transmission or data transmission.  
With the constant relationship between SA resource and data resource, the power sensing can be operated only on SA resource, and the power on associated data resource can be derived from the power of SA. RSRP measurement can be used for power sensing on SA resource, since the common DMRS sequence is likely to be used in SA transmission. The accuracy of RSRP measurement can be satisfied if SA is successful decoding, which is similar as RSRP measurement in D2D Relay discovery. If SA cannot be correctly decoded, the accuracy of RSRP measurement may be an issue, and then power sensing on data resource can also be employed. The difference of the measurement accuracy shall be distinguished in the future resource occupation prediction. The details of sensing principle are described as following: 
· Case 1: SA is decoded successfully, and the RSRP for the SA resource is accurately.
· If RSRP >= Threshold1, it means only the transmission UE is within the communication range, thus the associated data resource can be labeled as “occupied” in future in future until new SA indicates that the resource is reselected. 
· Otherwise, the associated data resource can be labeled as “unoccupied” in future, and the resource can be reused spatially.
· Scenario 2: SA decoding failure, the accuracy of the RSRP for the SA resource is suspicious.
· If RSRP >= Threshold2,  it means that the SA resource collision is likely happened, and the  data resource with constant relationship can be labeled as “temp-occupied”, and this resource status is valid only for the next transmission period.
· Otherwise, the associated data resource can be labeled as “unoccupied” in future, and the resource can be reused spatially.
Proposal 4: Power sensing on SA or data resources and SA decoding shall be supported in V2V resource selection.
1.3. Data resource selection
	· 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.



Based on above sensing mechanism, each UE can obtain the resource occupation status and relative power of each resource unit within its transmission period. The resource selection procedure is described as following (which is shown in Figure 2):
· Each UE selects the available subframe set within its transmission period, and each subframe within the available subfrme set needs to include resource uint(s) which can support the current data transmission.
· Sorted the available subframes set by the power of each subframe, which is the sum of the RSRP of each resource unit within the subframe.
· Determination of the candidate subframe set, candidate subframe set is composed by two types of subframe:
· Type 1 subframe set: the X subframes with higher power, which is likely lead to FDM with other UE.
· Type 2 subframe set: the Y subframes with lower power, which is likely lead to spatial reuse resource with other UE.
· The X and Y value can be configured by eNB or predefined.
· This manner can provide more protection for the transmission within the communication range.
· Random select the transmission subframes from the candidate subframe set, this random manner can avoid the continuous half duplex issue when two UEs are nearby.
· Selected the minimum power resource unit(s) at the selected transmission subframes. 


Figure 2: Data resource selection procedure
Proposal 5: UE can randomly select the transmission subframes from the candidate subframe set, and the candidate subframe set can be composed by two types of subframe:
· X subframes with higher power, which is likely lead to FDM with other UE. 
· Y subframes with lower power, which is likely lead to spatial reuse resource with other UE.
· X and Y can be configured by eNB or predefined.
1.4. Resource reselection
	· Issue 4: Reselection
· Reselection may be triggered if UE 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.



In general, resource reselection can be triggered by UE itself if the UE recognizes a resource collision through the sensing mechanism. However, when SA and its associated data are transmitted on same subframe, a UE cannot obtain the collision information due to half duplex constraint. Therefore other mechanisms shall be introduced to help UE know the resource collision information.
· Option 1: Each SA indicates the resource used by current transmission and next transmission [4], this option is worked only when two UEs are not collided in all the transmissions, and then they can know the collision information through the un-collided transmission.
· Option 2: Third node aid the resource reselection, it can be used even when all the transmission of two UEs are collided. 
· Option 3: Open-loop manner, reselection is triggered periodically or randomly. This manner is simple, but if two UEs are collided, the collision will be persisted until next reselection period or the probability of reselection. 
Proposal 6: If SA and its associated data are transmitted on same subframe, the mechanisms to aid the resource reselection need investigate.
Conclusion
In this contribution, the open issues for UE autonomous resource allocation are discussed. Particularly, we have following proposals:
Proposal 1: Semi-persistent transmission mechanism shall be used for both periodic and aperiodic V2V traffic type.
Proposal 2: Sensing with semi-persistent transmission mechanism shall be used for SA resource selection
Proposal 3: Constant relationship between SA resource and data resource is preferred
Proposal 4: Power sensing on SA or data resources and SA decoding shall be supported in V2V resource selection.
Proposal 5: UE can randomly select the transmission subframes from the candidate subframe set, and the candidate subframe set can be composed by two types of subframe:
· X subframes with higher power, which is likely lead to FDM with other UE. 
· Y subframes with lower power, which is likely lead to spatial reuse resource with other UE.
· X and Y can be configured by eNB or predefined.
Proposal 6: If SA and its associated data are transmitted on same subframe, the mechanisms to aid the resource reselection need investigate.
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