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Introduction
The topic on latency reduction for V2X phase 2 was not so progressed in previous meetings. In this contribution our views on this topic are elaborated. 
Discussion
Analysis on latency requirement
Based on the WID [1], in Release 15 it is expected to enhance the Cellular-based V2X services (V2V, V2I/N, and V2P) to support advanced V2X services as identified in TR 22.886. Basically 25 use cases for advanced V2X services are identified and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [2]. For these services, the requirement on end-to-end latency varies largely, say from 3ms to 500ms. Among these values, it seems 3ms, 10ms, 20ms, 25ms, 50ms are potential targets for further optimization as other values like 100ms and 500ms can be easily supported by Rel.14 functionalities even without any optimization. 
However, from our perspective it seems difficult to fulfil very short latency requirement for example 3ms in Rel.15 considering following factors, 
· The 3ms is end-to-end latency, which will include the processing time for higher layer signalling and application data. The time remained for radio layer handling may be less than 1ms, which seems impossible to finish relevant operations, like preparing PSCCH/PSSCH in transmitter and decoding PSCCH/PSSCH in receiver side. For mode 3, additional signalling interactions with eNB are required.   
· Due to backward compatibility (able to receive by Rel.14 UE), the time unit for sidelink transmission/reception is still based on TTI (1ms).
· Receiver may not always receive initial transmission due to half duplex issue. Retransmission may have to be received.
For 10ms end-to-end latency, it is possible to satisfy such requirement technically in Rel.15 by some enhancements but seeing the main use case is for “Fully automated driving”, to support it in Rel.16 or further releases seem more reasonable way to reduce some load for Rel.15 standardization. 
For other values like 20ms, 25ms and 50ms, it needs some optimization on current V2X and also dependent on resource allocation mode. In addition, as 20ms is the strictest target for latency, 25ms and 50ms latency can be automatically satisfied if 20ms latency target is reached.
Observation 1:  20ms seems the most reasonable target for latency reduction in V2X phase 2. 

In V2X two resource allocation modes (mode 3 and mode 4) are supported. Based on our view mode 4 is more critical case for V2X especially considering inter-PLMN or inter-operator communication, latency benefit and ability to communicate in out of coverage scenario.  But on the other hand, mode 3 may have benefits on resource utilization and interference avoidance thanks for centralized scheduling in Uu carrier. In addition, mode 3 could also reduce some load from V2X dedicated carrier. Therefore, it is better to consider latency reduction for mode 3 as well.
Proposal 1: To consider latency reduction for both mode 3 and mode 4 for V2X phase 2.

Following is some detailed discussion on how to reduce the latency for different resource allocation mode.
Latency reduction for V2X mode 4 






Based on current mechanism on mode 4, it seems the resource selection window is the factor which mostly impacts the latency. In Rel.14, UE needs to select the resource for transmission within the time interval , where  and  are up to UE implementations under  and (ms).  To satisfy the latency of 20ms, it is straightforward way to modify T2 into smaller value, for example   .  On the other hand, 20ms may not be sufficient as the requirement is end-to-end latency and higher layer processing needs to be considered. Exact value can be further considered. 


Proposal 1: Modify the values of T1 and T2 to for V2X mode 4, where is not larger than 20. Exact value can be discussed further. 

On the other hand, to modify T2 to smaller value may cause some negative impact, for example increased collision probabilities, as mentioned by some companies like [3]. Some enhancements on resource selection procedure could be considered, for example not mandate 20% candidate ratio during step 2 or changing random selection to the metric which is based on smallest RSSI. We are fine to further discuss the detailed solution if the problem becomes more convincing. 
Proposal 2: FFS on the issue and relevant solution of potentially increased collision due to reducing T2.

Latency reduction for V2X mode 3
For V2X mode 3, when traffic arrives at UE side, it needs several steps to interact with eNB especially if there is no available resources/grant for transmission, like transmission of SR, transmission of BSR and reception of sidelink grant and so on. Such procedure would require 15-20 ms latency depending on assumptions on SR periodicity and other factors based on Table A1.1-1 of [4]. Considering higher/application layer processing and sidelink transmission time, it would be quite difficult to satisfy 20ms end-to-end latency. Some solutions need to be considered for further enhancement, like 
· Reducing necessary steps on signalling interaction with eNB
· Consider sTTI for signalling interaction with eNB (e.g., receiving sidelink grant, SR, BSR transmission but not PC5 part of mode 3)
After signalling interaction, eNB may allocate SPS like resource to further reduce the latency.  But for sidelink transmission, it is still based on the legacy behaviour to avoid the impact on legacy UEs.
Proposal 3:  Consider some enhancements on signalling interaction with eNB for mode 3
Conclusion
In this contribution we discussed latency reduction for V2X phase 2. Based on the discussions we have following observations and proposals, 
Observation 1:  20ms seems more reasonable target for latency reduction in V2X phase 2. 


Proposal 1: Modify the values of T1 and T2 to for V2X mode 4, where is not larger than 20. Exact value can be discussed further. 
Proposal 2: FFS on the issue and relevant solution of potentially increased collision due to reducing T2.
Proposal 3:  Consider some enhancements on signalling interaction with eNB for mode 3
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Appendix 

Table 7.2.2-1 Performance requirements for platooning [2]
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max end-to-end latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Commu-nication
 range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	
	

	5.1
	Among a group of UEs (or two UEs) supporting V2X application
	[CPR.P-004]
	50-1200
(NOTE 1)
	30
	10

	
	
	

	
	
	[CPR.P-005] 
	300-400 
	30
	25
	90
	
	

	5.2
	Between UE supporting V2X application  and RSU via another UE supporting V2X application
	[CPR.P-006]
	[50-1200]
	2
	500
	
	
	

	5.5 
	Between UEs supporting V2X application 
	Driver control
	[CPR.P-007]
	300-400
(NOTE 2)
	
	25
	90
	
	

	
	
	Fully automated driving
	[CPR.P-008]
	1200
	
	10
	99.99
	
	80

	5.12, 5.13
	Between UEs supporting V2X application 
	Conditionally automated driving
	[CPR.P-009]

	[6500]
	50
	[20] 
	
	
	[10] sec * (max. relative speed) [m/s]

	
	
	Highly/fully automated driving
	[CPR.7.P-010] 
	
	
	[20] 
	
	[65]
	[5] sec * (max. relative speed) [m/s]

	5.12, 5.13
	Between  UE supporting V2X application and RSU
	Conditionally automated driving
	[CPR.7.P-011] 

	[6000]
	50
	[20] 
	
	
	[10] sec * (max. relative speed) [m/s]

	
	
	Highly /Fully automated driving
	[CPR.7.P-012] 
	
	
	[20]
	
	[50]
	[5] sec * (max. relative speed) [m/s]

	NOTE 1:	This value does not including security related messages component.
NOTE 2:	This value is applicable for both triggered and periodic transmission of data packets.




Table 7.2.3-1 Performance requirements for advanced driving [2]
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max end-to-end latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Commu-nication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	
	

	5.9
	Between UEs supporting V2X applications
Fully automated driving
	[CPR.A-001]
	[2000]
	
	[10]
	[99.99]
	[10]
	

	5.10, 5.11
	Between UEs supporting V2X application
	Partially/conditional ly automated driving 
	[CPR.A-002]
	[6500]
	10
	[100]
	
	
	[10] sec * (maximum relative speed) [m/s]

	
	
	Highly automated driving
	[CPR.A-003]
	
	
	[100]
	
	[53]
	[5] sec * (max. relative speed) [m/s]

	5.10, 5.11
	Between the UE supporting V2X application and the RSU
	Partially/conditional ly automated driving
	[CPR.A-004]
	[6000]
	10
	[100]
	
	
	[10] sec * (max. relative speed) [m/s]

	
	
	Highly automated driving
	[CPR.A-005]
	
	
	[100]
	
	[50]
	[5] sec * (max. relative speed) [m/s]

	5.20
	Between UEs supporting V2X application
Fully automated driving
	[CPR.A-006
	
	
	[3]
	[99.999]
	[30]
	[500]

	5.22
	Between RSU and UE supporting V2X application
	[CPR.A-007]
	450
	50
	
	
	DL: [0.5] UL: [50]
	

	5.23
	Between UEs supporting V2X application
	Driver control/
Limited automated driving
	[CPR.A-008]
	[300-400]
	
	[25]
	[90]
	
	

	
	
	Full automated driving
	[CPR.A-009]
	[12000]
	
	[10]
	[99.99]
	
	

	5.25
	Between a UE supporting V2X application and a V2X application server
	[CPR.A-010]
	
	
	
	
	UL: [10]
	



Table 7.2.4-1 Performance requirements for extended sensors [2]
	Communication scenario
	Payload (Bytes)
	Max end-to-end
latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.3
	Between UEs supporting V2X application
Fully automated driving
	[CPR.E-001]
	
	10
	95
	Peak data rate [25]
	

	5.6
	Between UEs supporting V2X application
	Driver control
	[CPR.E-002]
	[1600]
	100
	99
	
	1000

	
	
	Fully automated driving
	[CPR.E-003]
	
	3
	99.999
	
	200

	
	
	
	[CPR.E-004]
	
	10
	99.99
	
	500

	
	
	
	[CPR.E-005]
	
	50
	99
	
	1000

	
	
	
	[CPR.E-006]
	
	
	
	1000
	50

	5.16
	Between UEs supporting V2X application
	Driver control/
Limited automated driving
	[CPR.E-007]
	
	[50]
	90
	[10]
	[100]

	
	
	Fully automated driving
	[CPR.E-008]
	
	[10]
	99.99
	[700]
	[500]



Table 7.2.5-1 Performance requirements for remote driving [2]
	Communication scenario
	Payload (Bytes)
	Max end-to-end
latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.21
	Between a UE supporting V2X application & V2X Application Server.

Driver Control
	[CPR.R-004]
	
	[20]
	[99.999]
	UL: 25
DL: 1
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