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1. Introduction
In the mail discussion summarized in [1], initial latency evaluation on agreed scenarios was discussed and L-UL was identified as one of the latency components
· L-UL 

defined as the latency of UL transport between UE and eNB

This latency component addresses the time duration from the time UE has a V2V message to send over UL to the time the eNB receives the V2V message.

In parallel, several “Fast UL” techniques were proposed in the scope of the Rel-14 Latency Reduction WI [2].
In this contribution we consider legacy SR mechanism as baseline and evaluate proposed solutions against Uu based V2V communication.
2. Discussion
V2V latency is under discussion in RAN2 in the scope of the V2X SI, however latency reduction techniques are not yet considered in this study. In parallel, several Latency reduction techniques have been proposed in the scope of the Rel-14 Latency Reduction SI. 

Indeed, the latency reduction SI may be relevant for the V2X SI where 100ms E2E delay is required and the UL Uu latency is identified as one of the components of the E2E latency, marked as L-UL.

 In this contribution we consider the benefits of using some of the proposed “Fast UL” techniques and try to evaluate its relevance to the V2V scenario  

2.1. Fast UL evaluation for Uu based V2V communication
V2V application is characterized with the following parameters

· Large number of UEs per Macro cell, for this evaluation we assume 500 UEs 

· Packet arrival rate of 10 packets/sec

It is also assumed that since the PAR is 1% (packet/100ms), UEs are typically kept in connected mode.
For the latency evaluation we consider legacy SR method as a baseline and compare it with SPS and CB-PUSCH (solution 1).

We had assumed 10MHz system BW and for eNB strategy we have considered moderate, aggressive and extreme approach in resource allocation for latency reduction i.e.:

· Moderate: 
10% (5 PRBs) resource allocation for latency reduction

· Aggressive: 
20% (10 PRBs) resource allocation for latency reduction

· Extreme: 
50% (25 PRBs) resource allocation for latency reduction

The Extreme strategy is assumed to be unrealistic and given here for reference only.

From the eNB strategy we can then derive the resource (SR, SPS or CB-PUSCH) periodicity. I.e the more resources the eNB allocate for latency reduction technique, the shorter would be the periodicity.

2.1.1. Latency evaluation using SR
Average and Maximum latency components for SR (without retransmission) are given in table 2.1.1-1 
Table 2.1.1-1: Average and Maximum latency components for SR
	Component
	Description
	Avg. Time (ms)
	Max. Time (ms)

	1
	Waiting time for PUCCH
	Periodicity / 2
	Periodicity

	2
	UE sends Scheduling Request on PUCCH
	1
	

	3
	eNB decodes Scheduling Request and generates the UL Grant
	3
	

	4
	Transmission of Scheduling Grant
	1
	

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3
	

	6
	Transmission of UL data
	1
	

	7
	Data decoding in eNodeB
	3
	

	
	Total delay [ms]
	Periodicity/2 + 12
	Periodicity + 12


SR is sent over PUCCH format 1. PUCCH format 1 is populating a single PRB and over it several UEs are multiplexed. The SR multiplexing level is configured by the eNB but typical values could be 12 UEs or 18 UEs per PRB   

Average and Maximum latency for SR in a V2V scenario are given in table 2.1.1-2
Table 2.1.1-2: Maximum/Average Delay for SR, 10MHz, PAR 1%, 500UEs/Cell
	Resource Utilization
	UE/PRB
	Supported UEs / TTI
	Resource Periodicity
	Avg. latency
	Max. latency

	10% (5 PRBs)
	12
	60
	~8ms
	16ms
	20ms

	
	18
	90
	~6ms
	15ms
	18ms

	20% (10 PRBs)
	12
	120
	~4ms
	14ms
	16ms

	
	18
	180
	~3ms
	13.5ms
	15ms

	50% (25 PRBs)
	12
	300
	~2ms
	13ms
	14ms

	
	18
	450
	~1ms
	12.5ms
	13ms


2.1.2. Latency evaluation using SPS

Average and Maximum latency components for SPS (without retransmission) are given in table 2.1.2-1 
Table 2.1.2-1: Average and Maximum latency components for SPS

	Component
	Description
	Max. Time (ms)
	Avg. Time (ms)

	1
	Waiting time for configured UL grant
	Periodicity
	Periodicity/2

	2
	UE Processing Delay (L1 encoding of UL data)
	
	3

	3
	Transmission of UL data
	
	1

	4
	Data decoding and processing in eNodeB
	
	3

	
	Total delay [ms]
	Periodicity + 7
	Periodicity/2 + 7


For SPS, it is assumed that each UE is allocated with a single PRB for each SPS occasion
Average and Maximum latency for SPS in a V2V scenario are given in table 2.1.2-2

Table 2.1.2-2: Maximum/Average Delay for SPS, 10MHz, PAR 1%, 500UEs/Cell
	Resource Utilization
	UE/PRB
	Supported UEs / TTI
	Resource Periodicity
	Avg. latency
	Max. latency

	10% (5 PRBs)
	1
	5
	100ms
	57ms
	107ms

	20% (10 PRBs)
	
	10
	50ms
	32ms
	57ms

	50% (25 PRBs)
	
	25
	20ms
	17ms
	27ms


2.1.3. Latency evaluation using CB-PUSCH (solution 1)
Average and Maximum latency components for CB-PUSCH are given in table 2.1.3-1 
Table 2.1.3-1: Average and Maximum latency components for CB-PUSCH (solution 1)
	Component
	Description
	Avg. Time (ms)
	Max. Time (ms)

	1
	Waiting time for configured UL grant
	Periodicity/2
	Periodicity

	2
	UE Processing Delay (L1 encoding of UL data)
	3
	

	3
	Transmission of UL data
	1
	

	4
	Data decoding and processing in eNodeB
	3
	

	 With Collision

	5
	Transmission of Scheduling Grant
	1
	

	4
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3
	

	3
	Transmission of UL data
	1
	

	4
	Data decoding and processing in eNodeB
	3
	

	
	Total delay [ms]
	Simulated
	Periodicity + 15


For CB-PUSCH, it is assumed that 4 UEs are allocated with a single PRB for each CB-PUSCH occasion.
Maximum latency for CB-PUSCH in a V2V scenario are given in table 2.1.3-2

Table 2.1.3-2: Maximum/Average Delay for CB-PUSCH(solution 1), 10MHz, PAR 1%, 500UEs/Cell
	Resource Utilization
	UE/PRB
	Supported UEs / TTI
	Resource Periodicity
	Collision Probability
	Avg. latency
	Max. latency

	10% (5 PRBs)
	4
	20
	25ms
	58.4%
	36.8ms
	40ms

	20% (10 PRBs)
	
	40
	12.5ms
	36.3%
	23ms
	27.5ms

	50% (25 PRBs)
	
	100
	5ms
	15.5%
	13.4ms
	20ms


2.1.4. SR, SPS & CB-PUSCH (solution 1) comparison

Table 2.1.4-1 compares the maximum latency for SR (with 18 as multiplexing level), SPS & CB-PUSCH in V2V scenario

Table 2.1.4-1: Maximum Delay, 10MHz, PAR 1%, 500UEs/Cell
	Method
	Avg. Delay(10%/20%/50% utilization)
	Max Delay (10%/20%/50% utilization)

	SPS
	57ms/ 32ms/ 17ms
	107ms/ 57ms/ 27ms

	CB-PUSCH
	36.8ms/ 23ms/ 13.4ms
	40ms/ 27.5ms/ 20ms

	SR(18)
	15ms/ 13.5ms/ 12.5ms
	18ms/ 15ms/ 13ms


Observation 1 The legacy baseline SR method outperforms SPS and CB-PUSCH both on average latency and even more significantly on maximum latency.

Observation 2 At least for the evaluated scenario, with 10% resource utilization, SPS cannot comply with the maximum 100ms latency requirement for LTE based V2X identified in TR 22.885 section 5.1.5

2.2. Varying packet size

According to the possible requirements listed in [4], The E-UTRA(N) shall be able to support a message size of 50-300 Bytes, which can be up to 1200 Bytes.
Using a semi-static resource allocation such as SPS or CB-PUSCH implies that the eNB has to configure a conservative MCS, lowering the number of bits that could be supported per PRB.

Combining the above two statement we can do the following observations:

Observation 3 UL grant for V2V message would not always consist of a single PRB

Observation 4 UL grant size for V2V message could not be always anticipated. 
From the above we can conclude that BSR would have to be sent to the eNB in order to request an appropriate grant which introduces additional latency. 

Table 2.2-1: Additional latency components for Medium/Large Packet

	Component
	Description
	Time (ms)

	UE transmits a BSR

	X+1
	eNB decodes BSR and generates the UL Grant
	3

	X+2
	Transmission of scheduling grant
	1

	X+3
	UE Processing Delay (L1 encoding of UL data)
	3

	X+4
	Transmission of UL data
	1

	Data decoding and processing in eNodeB

	
	Total delay [ms]
	8


Observation 5 For a V2V messages, the overall UL latency is increased by 8ms
Proposal 1

Capture a summary of the Fast Uplink evaluation for a Uu based V2V communication.

Proposal 2a
RAN2 to agree that L-UL Avg latency should be calculated as SR Periodicity/2 + 20ms

Proposal 2b
RAN2 to agree that L-UL Max latency should be calculated as SR Periodicity + 20ms
3. Conclusion 
We have analyzed V2V scenario and varying packet size and came to the following observations

Observation 1
The legacy baseline SR method outperforms SPS and CB-PUSCH both on average latency and even more significantly on maximum latency.

Observation 2
At least for the evaluated scenario, with 10% resource utilization, SPS cannot comply with the maximum 100ms latency requirement for LTE based V2X identified in TR 22.885 section 5.1.5

Observation 3
UL grant for V2V message would not always consist of a single PRB

Observation 4
UL grant size for V2V message could not be always anticipated

Observation 5
For a V2V messages, the overall UL latency is increased by 8ms
Based on the discussion and observations, we propose the following:

Proposal 1

Capture a summary of the Fast Uplink evaluation for a Uu based V2V communication.

Proposal 2a
RAN2 to agree that L-UL Avg latency should be calculated as SR Periodicity/2 + 20ms

Proposal 2b
RAN2 to agree that L-UL Max latency should be calculated as SR Periodicity + 20ms
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