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Introduction
5G NR sidelink will be designed to meet much higher requirements of advanced V2X applications. The sidelink resource allocation mechanism shall be evolved consequently. In last meeting RAN1#94, it has been agreed that at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication [1]:
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
It is inevitable to come across transmission collision problem for resource allocation Mode 2, where UE autonomously selects sidelink resource for transmission. For 5G NR V2X applications with requirements of 99.999% reliability and 3ms latency, the transmission collision problem shall be carefully studied and avoided by employing proper mechanisms. In this contribution, we focus on the discussions about the issue of transmission collision in the sidelink resource allocation. Observations and proposals are put forward based on the discussions.
Discussions about Transmission Collision
Feasibility of Collision Avoidance
We’ve been noticed that in the performance requirements for advanced V2X application shown in Table1, there is a number of combinations of requirements, such as 
· very big payload + medium latency + medium coverage(vehicle platooning example1), 
· medium payload + low latency + high reliability + short coverage (vehicle platooning example2),
· big payload + very low latency + very high reliability + small data rate + long coverage(advanced driving exampe1), 
· very big payload + high latency + long coverage(advanced driving example2), 
· big payload + high latency + medium reliability + long coverage (extended sensors example 1),
· medium latency + high reliability + high data rate + long coverage (extended sensors example 1),
· medium latency + high reliability + high data rate + long coverage (extended sensors example 1),
· very low latency + very high reliability + small data rate (remote driving)
Table1. Performances requirements for advanced V2X applications [2,3]
	Applications
	Max end-to-end latency (ms)
	Payload (Bytes)
	Reliability (%)
	Data rate (Mbps)
	Min required Communication range (meters)

	Vehicle Platooning
	General
	10 ~ 500
	50 ~ 6000
	90 ~ 99.99
	[50] ~ [65]
	80 ~ 350

	
	Examp1: [R.5.2-005]
	20
	6500
	
	
	350

	
	Examp2: [R.5.2-006]
	10
	50-1200
	99.99
	
	80

	Advanced driving
	General
	3 ~ 100
	300 ~ 12000
	90 ~ 99.999
	10 ~ 50
	360 ~ 500

	
	Example1:
[R.5.3-006]
	3
	2000
	99.999
	30
	500

	
	Example2:
[R.5.3-002]
	100
	6500
	
	
	700

	Extend sensors
	General
	3 ~ 100
	[1600]
	90 ~ 99.999
	10 ~ 1000
	50 ~ 1000

	
	Example1:
[R.5.4-001]
	100
	1600
	99
	
	1000

	
	Example2:
[R.5.4-005]
	50
	
	99.99
	1000
	50

	Remote driving
	
	5
	-
	99.999
	UL: 25
DL: 1
	-



It is a big challenge for sidelink resource allocation mechanism design to fulfil such large number of combinations of requirements. In LTE V2X, PSCCH and the associated PSSCH are FDMed in the same subfame to meet the low latency requirement. However, TDMed PSCCH and the associated PSSCH shall also be studied considering diverse latency and reliability requirements. There can be several types of PSCCH and PSSCH indication options as shown in Fig.1.


Fig.1. Illustration of PSCCH and PSSCH indication options
In order to be consistent with the agreement reached in RAN1#94[1], we item the options as follows:
· option1: TDMed PSCCH and the associated PSSCH, which consists four sub-options:
· option1A_1: Adjacently TDMed with same FR, the PSCCH and associated PSSCH are transmitted using adjacent time resources and the same frequency resources.
· option1A_2: Non-adjacently TDMed with same FR, the PSCCH and associated PSSCH are transmitted using non-adjacent time resources and the same frequency resources.
· option1B_1: Adjacently TDMed with different FR, the PSCCH and associated PSSCH are transmitted using adjacent time resources. The corresponding frequency resources can be different.
· option1B_2: Non-adjacently TDMed with different FR, the PSCCH and associated PSSCH are transmitted using non-adjacent time resources. The corresponding frequency resources can be different.
· option2:
· option2A: Adjacently FDMed with same TR, the PSCCH and associated PSSCH are transmitted using adjacent frequency resources and the same time resources.
· option2B: Non-adjacently TDMed with same FR, the PSCCH and associated PSSCH are transmitted using non-adjacent frequency resources and the same time resources.
· option3: Partially TDMed, the PSCCH and associated partial PSSCH are transmitted using adjacent time resources and the same frequency resources. And PSCCH and the rest associated partial PSSCH are transmitted using non-overlapping frequency resources and the same time resources. 
If mode-2 resource allocation mechanism is applied where UEs select the resources for PSCCH and associated PSCCH autonomously in the pre-configured resource pool, the collisions happened between any two sidelinks can be divided into the following types:
· Type1: PSCCHs collide and the associated PSSCHs do not collide.
· Type2: PSCCHs do not collide and the associated PSSCHs collide.
· Type3: both PSCCHs and the associated PSSCHs collide.
When the collision happens to the PSCCHs, it might miss the detection of the associated PSSCHs if the detection of PSCCH fails and there is no PSCCH to indicate the former PSSCH in the following subframes. Thus the transmission of former PSSCH might turn out to be a waste of resources. When the collision happens to the PSSCHs with the corresponding PSCCH successfully detected, there can be also a chance to avoid the PSSCHs collisions if we receive and detect the PSCCH first as option 1A_2 and option 1B_2 shown in Fig.1. If the sidelink receiver detect that a collision would happen to the following PSSCHs as indicated by the received PSCCHs, it can sends back a message to inform the sidelink transmitters with lower priority to reselect the resources for PSSCHs and guarantee the transmissions with highest priority. It was suitable for the applications with requirements of high latency and big payload like advanced driving example2 shown in Table 1, where the PSSCH may consume a number of resource blocks and the collision avoidance method is needed to guarantee effective transmission on the resource blocks. We therefore summary the feasibility of collision avoidance for the first attempt of PSCCH and associated PSSCH in the Table2. 
Table2. Feasibility of collision avoidance for the first attempt of PSCCH and associated PSSCH
	Resource Allocation Mechanisms
	Feasibility of Collision Avoidance (for the first attempt PSSCH )
	Latency Requirements of Suitable Applications

	Option1A_1
	No
	Medium 

	Option1A_2
	Yes
	High 

	Option1B_1
	No
	Medium 

	Option1B_2
	Yes
	High 

	Option2A
	No
	Very low 

	Option2B
	No
	Very low

	Option3
	No
	Very low 


Observation1: If PSCCHs are transmitted at the time with a gap before the associated PSSCHs and detected first, the collisions would happen to the PSSCHs can be avoided, by informing the transmitters with the non-highest priorities to reselect the resources for the associated PSSCHs. It is suitable for the applications with high latency requirements.
Proposal1: Non-adjacently TDMed PSCCH and the associated PSSCHs shall be considered in the design of sidelink resource allocation mechanism.
Collision Avoidance Method
The transmission collision would happen in the case where the sidelink transmitters autonomously select the resource. In this case, the collision avoidance can be achieved in the fully distributed and assisted way. We then give a further discussion about the two ways of collision avoidance.
For the fully distributed way, there is no any interactions between the sidelink transmitter and receivers to solve the collisions. The sidelink transmitters can follow a common role to achieve collision avoidance during the process of resource selection. Like CSMA/CA mechanism, transmitter can choose a random backoff timer before accessing the channel and thus to enable the communications for different links to use non-overlapping time resources. Also, if sidelink transmitters have detected the PSCCH information of other sidelinks, the transmitters then can exclude the resources occupied by other PSCCHs and their associated PSSCHs from the candidate resource pool. However, there still a chance for collision happening when two transmissions choose to access the channel at the same time. In addition, the interference experienced at the sildelink transmitter and receiver can be different, leading to the hidden node problem. The information of PSCCHs and the associated PSSCHs detected at the sidelink transmitter might not be heard at the receiver. Likewise, the information of PSCCHs and the associated PSSCHs detected at the sidelink receiver might not be heard at the transmitter. Therefore, the sidelink transmitter may choose improper resource which would cause collision at the receiver, or exclude useful resources from the candidate resource pool. We summery the pros and cons of collision avoidance in a fully distributed ways as follows:
· Pros: It can save signalling cost and reduce the latency in a degree. 
· Cons: Collisions still have chance to happen, and it suffers from the hidden node problem.
For the assisted way, a sidelink node can send a control signal to the sidelink transmitters to resolve the collision problem. The sidelink node assisting to resolve the collision problem can be the target sidelink receivers or any neighbour nodes of sidelink transmitters that having noticed the potential collisions. Usually, a sidelink receiver can notice whether there will be a collision in the PSSCHs from the detected PSCCHs targeting it and other PSCCHs of neighbour sidelinks. If there exists a collision among the PSSCHs, the sidelink receiver then can send a signal to sidelink transmitters to inform them reselect the resources for their PSSCHs. Also, the sidelink receiver can relay the received PSCCHs to inform its neighbour nodes not to use the overlapping resources as indicated in the forward PSCCHs. As a result, the hidden node problem can be settled. The neighbour nodes can also help to send a control signal if it have noticed that the resources used by PSSCHs for the same destination are overlapped. Therefore the collision can also be resolved even that the signal for resolving collision sent by the sidelink receiver was not successfully detected at the sidelink transmitters. We summery the pros and cons of collision avoidance in the assisted ways as follows:
· Pros: It can solve the hidden node problem and further enhance the reliability. 
· Cons: Extra control signal to resolve the collision is needed and somehow the latency is enlarged.
According to the above discussions, the fully distributed and assisted ways to resolve collision are both effective and have different pros and cons. The assisted way can further reduce the collision probability compared to the fully distributed way in sacrifice of extra signalling cost and latency enlargement. The fully distributed way can be applied to the applications with low latency and medium reliability requirements. The assisted way can be applied to the applications with large latency and high reliability requirements. 
Observation2: The collision avoidance can be achieved in fully distributed and assisted ways. The two ways have different pros and cons and suit to different types of applications.
Propoal2: Collision avoidance in both fully distributed and assisted ways shall be considered in the design of resource allocation mechanism.

Conclusion
In this contribution, we focus on the discussion about the collision problem in the Mode 2 sidelink resource allocation, where sildelink transmitter autonomously select the resource. Following observations and proposals are put forward according to the discussions: 
Observation1: If PSCCHs are transmitted at the time with a gap before the associated PSSCHs and detected first, the collisions would happen to the first attempt of PSSCHs can be avoided, by informing the transmitters with the non-highest priorities to reselect the resources for the associated PSSCHs. It is suitable for the applications with high latency requirements.
Observation2: The collision avoidance can be achieved in fully distributed and assisted ways. The two ways have different pros and cons and suit to different types of applications.

Proposal1: Non-adjacently TDMed PSCCH and the associated PSSCHs shall be considered in the design of sidelink resource allocation mechanism.
Propoal2: Collision avoidance in fully distributed and assisted ways shall be considered in the design of resource allocation mechanism.
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