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Introduction
In RAN1 #84bis meeting, the UE autonomous resource allocation was discussed with following agreements [1]:
Agreements:
· 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.
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
In this contribution, we will further discuss UE autonomous resource selection mechanism on SA and data transmission.
Resource selection mechanism in PC5-based V2V
1.1. Data resource selection 
Based on sensing mechanism in [2], each UE can predict the resource occupation status and relative power of future resource unit(s) within its next transmission period. The resource selection procedure [3] is described as following (which is shown in Figure 1):
· Each UE selects the available subframe set within its transmission period according to the predicted resource occupation pattern, 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 predicted power of each subframe, which is the sum of the predicted power 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.
· Random select resource unit(s) at the selected transmission subframes. 


Figure 1: Data resource selection procedure
1.2. SA resource selection
If SA and its associated data are transmitted at same subframe, constant relationship between SA resource and data resource will benefit the resource collision avoidance, which is illustrated in Figure 2-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 2-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. 
Proposal 1: Constant relationship between SA resource and data resource is preferred, if SA and its associated data are transmitted in same subframe.


Figure 2: Relationship between SA resource and associated data resource
Evaluation results
Three resource selection schemes are evaluated (simulation assumptions are shown in Appendix A):
· Option 1: Enhanced random selection scheme, each transmitting UE randomly selects the transmission resource within the transmission period.
· Option 2: Sensing based random selection scheme, according to the sensing results, each transmission UE randomly selects the un-occupied resource within the transmission period.
· Option 3: Max and min energy resource selection scheme, as discussed in 2.2.
· Case 1: X=0, Y=20
· Case 2: X=10, Y=10
Simulation results are shown in Figure 3-5, we can observe that option 3 performs better PRR performance than others, especially in highway scenario. It is primary due to the fact that option 3 can reduce the impacts due to in-band emission.
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Figure 3: Highway, 140km/h
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Figure 4: Highway, 70km/h
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Figure 5: City, 60km/h
Observation: Option 3(max and min energy resource selection scheme) performs better PRR performance than others, especially in highway scenario. This scheme does not increase additional complexity at UE side while providing better accuracy comparing purely replying on geo-info.

Proposal 2: 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 likely leads to FDM with other UE. 
· Y subframes with lower power, which likely leads to spatial resource reuse with other UE.
· X and Y can be configured by eNB or predefined.
Conclusion
In this contribution, V2V resource selection mechanisms are discussed and evaluated. Particularly, we have following observation and proposals:
Observation: Option 3(max and min energy resource selection scheme) performs better PRR performance than others, especially in highway scenario. This scheme does not increase additional complexity at UE side while providing better accuracy comparing purely replying on geo-info.
Proposal 1: Constant relationship between SA resource and data resource is preferred, if SA and its associated data are transmitted in the same subframe.
Proposal 2: 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 likely leads to FDM with other UE. 
· Y subframes with lower power, which likely leads to spatial resource reuse with other UE.
· X and Y can be configured by eNB or predefined.
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Appendix A: 
Table 1: Simulation assumptions
	Deployment scenario
	Freeway and urban as defined in [4]

	Carrier frequency
	5.9GHz

	System bandwidth
	10MHz

	Transmission of SA and its associated data
	Same subframe

	Tx Power
	SA and Data share 23dBm with 2dB backoff 

	Antenna gain
	3dBi

	Traffic Model 
	Periodic, message generation period=100ms, one 300-byte message followed by four 190-byte messages.

	Synchronization 
	Ideal

	Carrier Frequency Offset
	0

	Vehicle velocity
	Highway: 140km/h, 70km/h
City: 60km/h

	Pathloss model
	As defined in [4]

	Shadowing fading 
	As defined in [4]

	Vehicle density
	Spatial Poisson process, average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed

	Resource pools
	SA pool:
· Total 10 PRBs on both sides of system frequency band
Data pool:
· The 40 PRBs in the middle of system frequency band

	Transmission number 
	2 for small packet(190B)
4 for big packet(300B)

	Modulation and coding scheme
	SA transmission : QPSK, convolution coding
Data transmission : QPSK, Turbo coding
· Small packet with 10PRB
· Big packet with 10PRB

	In-band emission
	· {W,X,Y,Z}={3,6,3,3}
· SA and data of a UE in the same subframe are considered as two clusters

	Reselection period
	3500ms
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Option 1: Enhanced random selection

Option 2: Sensing based random selection

Option 3: X=0,Y=20

Option 3: X=10,Y=10
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Option 1: Enhanced andom selection

Option 2: Sensing based random selection

Option 3: X=0,Y=20

Option 3: X=10,Y=10
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Option 1: Enhanced andom selection

Option 2: Sensing based random selection
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