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Discussion
1 Introduction
This paper analyzes latency aspect of V2V message transport in scenarios that can be considered as main scenarios for V2V services. 
2 Discussion
2.1 Uu based scenarios

For V2V latency analysis, we will consider three main scenarios that are provided as main V2V scenarios in in [1]:
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(a) Uu V2V scenario1
(b) Uu V2V scenario2
(c) Uu V2V scenario3
Figure1. Uu V2V scenarios
· 
Uu V2V Scenario 1) Source V-UE to eNB via Uu ( network processing ( eNB to destination V-UE via Uu

· 
Uu V2V Scenario 2) V-UE to eNB via eNB’s sidelink overhear ( network processing ( eNB to destination V-UE via Uu
· 
Uu V2V Scenario 3) V-UE to RSU UE via PC5 ( RSU UE to eNB via Uu ( network processing ( eNB to destination V-UE via Uu
For the downlink transmission of V2X message from eNB to destination V-UE, there are two sub-scenario; one is to utilize unicast downlink transmission and another is to utilize MBMS for V2V message transmission from eNB. Combining three main scenarios with two sub-scenarios for the downlink, we then have the following 6 scenarios to consider:

· 
Scenario 1.1) Source V-UE to eNB via Uu ( network processing ( eNB to Destination V-UE via unicast

· 
Scenario 1.2) Source V-UE to eNB via Uu ( network processing ( eNB to Destination V-UE via MBMS broadcast

· 
Scenario 2.1) V-UE to eNB via eNB’s sidelink overhear ( network processing ( eNB to destination V-UE via unicast
· 
Scenario 2.2) V-UE to eNB via eNB’s sidelink overhear ( network processing ( eNB to destination V-UE via MBMS broadcast

· 
Scenario 3.1) V-UE to RSU UE via PC5 ( RSU UE to eNB via Uu ( network processing ( eNB to destination V-UE via unicast
· 
Scenario 3.2) V-UE to RSU UE via PC5 ( RSU UE to eNB via Uu ( network processing ( eNB to destination V-UE via MBMS broadcast

2.2 Latency decomposition 
For V2V latency analysis, the overall latency of each scenario in section 2.1 can be decomposed into selective combination of the following latency components: 

(a1) Source V-UE to eNB via unicast UL

(a2) V-UE to eNB via PC5 with eNB’s overhearing

(a3) V-UE to RSU UE via PC5 

(b1) eNB to ITS server o eNB without passing thorough BM-SC (to use unicast DL)

(b2) eNB to ITS server to eNB through BM-SC (to use MBMS)

(c1) eNB to Destination V-UE via unicast DL

(c2) eNB to Destination V-UE via MBMS 

2.3 Latency analysis for each latency component 
The expected latency of each latency component is provided in the tables below. Note that the most of the entry in the tables are based on the values in TR36.912 [2], TR36.868 [3]. The latency analysis of sidelink transmission is also given, and the background of 
(a1) Source V-UE to eNB via unicast UL
This latency component addresses the time duration from the time UE has a V2V message to send over uplink to the end time the eNB receives the V2V message.  
Table 1 Latency for V2V message transmission from V-UE to eNB via UL
	Description
	Time (ms)
	Comments

	Idle to Connected
	(50 -80)
	Clause 16.2 of 3GPP TR 36.912 [2]
Applicable only if UE needs to enter RRC_CONNECTED

	Dedicated bearer setup 
	(115)
	TR 36.868[2] 

Applicable only if UE needs to enter RRC_CONNECTED

	Transmitting source V-UE to eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [2]

	Total
	10~205
	


(a2) V-UE to eNB via PC5 with eNB’s overhearing
This latency component addresses the time duration from the time UE has a V2V message to send over sidelink to the end time of eNB reception of the message. For latency analysis, only mode2 is considered. If mode1 needs to be considered, scheduling delay can be added to the mode2 latency evaluation. The calculation of the expected latency is provided in Annex. 
Table 2 Latency for V2V message transmission from V-UE to eNB via SL overhearing
	Description
	Time (ms)
	Comments

	SCI transmission from source V-UE to RSRU UE
	12~51
	From the message generation time to the start of data pool

SA period is assumed to be 8ms

Data pool period is assumed to be 32ms

	Data transmission from source V-UE to RSU UE
	4~32
	From the start of data pool to completion of data transmission 
Min value of 4 ms corresponds to the case that first 4 subframes are used for transmission and 3 retransmissions. 

Max value of 32ms corresponds to the case that T-RPT of {00000001} is used so that transmission and retransmission happens only every 8ms. 

	eNB overhear and processing
	2
	Processing time 

	Total
	18~85
	


(a3) V-UE to RSU UE via PC5  
This latency component addresses the time duration from the time UE has a V2V message to send over sidelink to the end time RSU UE receives the V2V message. For latency analysis, only mode2 is considered. If mode1 needs to be considered, scheduling delay can be added to the mode2 latency evaluation. The calculation of the expected latency is provided in Annex. 
Table 3 Latency for V2V message transmission from V-UE to RSU via SL
	Description
	Time (ms)
	Comments

	SCI transmission from source V-UE to RSRU UE
	12~51
	From the message generation time to the start of data pool

SA period is assumed to be 8ms

Data pool period is assumed to be 32ms

	Data transmission from source V-UE to RSU UE 
	4~32
	From the start of data pool to completion of data transmission 

Min value of 4 ms corresponds to the case that first 4 subframes are used for transmission and 3 retransmissions. 

Max value of 32ms corresponds to the case that T-RPT of {00000001} is used so that transmission and retransmission happens only every 8ms. 

	RSU UE reception and processing
	10
	10 ms processing time by RSU UE is assumed.  

	Total
	26~93
	


(b1) network processing: eNB to ITS to eNB without passing through BM-SC (to use unicast DL)
This latency component addresses the time duration from the end time of eNB reception of V2X message to the time the eNB is ready to transmit the V2X message over unicast downlink. The V2X message is travelling from eNB and passing through S-GW/P-GW, ITS server, and it is back to the eNB for DL transmission. 
Table 4 Latency for network processing of received V2V message for unicast DL transmission
	Description
	Time (ms)
	Comments

	eNB(SGW/PGW(ITS AS( SGW/PGW(eNB
	20
	Out of RAN WG2 scope

	Total
	20
	


(b2) network processing: eNB to ITS to eNB through BM-SC (to use MBMS)

This latency component addresses the time duration from the end time of eNB reception of V2X message to the time the eNB is ready to transmit the V2X message over MBMS. The V2X message is travelling from eNB and passing through S-GW/P-GW, ITS server, BM-SC, and it is back to the eNB for DL transmission.
Table 5 Latency for network processing of received V2V message for MBMS transmission
	Description
	Time (ms)
	Comments

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	Total
	40
	


 (c1) eNB to Destination V-UE via unicast DL
This latency component addresses the time duration from the time eNB has V2V message to send and to the end time the UE receives the V2V message over unicast downlink. 
Table 6 Latency for V2V message transmission from eNB to V-UE via unicast DL
	Description
	Time (ms)
	Comments

	eNB ( destination V-UE
	10
	Receiving and processing

	Total
	10
	


(c2) eNB to Destination V-UE via MBMS
This latency component addresses the time duration from the time eNB has V2V message to send and to the end time the UE receives the V2V message over MBMS. 
Table 7 Latency for V2V message transmission from eNB to V-UE via MBMS 
	Description
	Time (ms)
	Comments

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB ( destination V-UEs
	10
	Receiving and processing

	Total
	50
	


2.4 Overall latency of each V2V scenario
The end to end delay for V2V defines the end to end delay for V2X message transport including the processing and scheduling time taken at the network nodes. 
Scenario 1.1) Source V-UE to eNB via Uu ( network processing ( eNB to Destination V-UE via unicast 
Total latency is calculated as (a1)+(b1)+(c1)
Table 8 Overall latency of V2V transport with unicast for UL and unicast for DL
	Description
	Time (ms)
	Comments

	Idle to Connected
	(50 -80)
	Clause 16.2 of 3GPP TR 36.912 [2]
Applicable only if UE needs to enter RRC_CONNECTED

	Dedicated bearer setup 
	(115)
	TR 36.868[1]

Applicable only if UE needs to enter RRC_CONNECTED

	Transmitting Source V-UE to eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [2]

	eNB(SGW/PGW(ITS AS( SGW/PGW(eNB
	20
	Out of RAN WG2 scope

	eNB ( destination V-UE
	10
	Receiving and processing

	Total
	40 or

(205~235)
	


Observation1: V2V message transport with the combination of unicast for both UL and DL can fulfill V2V latency requirement.

Scenario 1.2) Source V-UE to eNB via Uu ( network processing ( eNB to Destination V-UE via MBMS broadcast 
Total latency is calculated as (a1)+(b2)+(c2)

Table 9 Overall latency of V2V transport with unicast for UL and MBMS for DL
	Description
	Time (ms)
	Comments

	Idle to Connected
	(50 -80)
	Clause 16.2 of 3GPP TR 36.912 [2]
Applicable only if UE needs to enter RRC_CONNECTED

	Dedicated bearer setup 
	(115)
	TR 36.868[3]

Applicable only if UE needs to enter RRC_CONNECTED

	Transmitting Source V-UE to eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [2]

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB ( destination V-UEs
	10
	Receiving and processing

	Total
	140 or

(305~335)
	


Observation2: V2V message transport with the combination of unicast for UL and MBMS for DL cannot fulfill V2V latency requirement 
Scenario 2.1) V-UE to eNB via eNB’s sidelink overhear ( network processing ( eNB to destination V-UE via unicast
Total latency is calculated as (a2)+(b1)+(c1)

Table 10 Overall latency of V2V transport with PC5 overhearing for UL and unicast for DL
	Description
	Time (ms)
	Comments

	SCI transmission 
	12~51
	From the message generation time to the start of data pool

SA period is assumed to be 8ms

Data pool period is assumed to be 32ms

	Data transmission 
	4~32
	From the start of data pool to completion of data transmission 

Min value of 4 ms corresponds to the case that first 4 subframes are used for transmission and 3 retransmissions. 

Max value of 32ms corresponds to the case that T-RPT of {00000001} is used so that transmission and retransmission happens only every 8ms. 

	eNB overhear and processing
	2
	Processing time 

	eNB(SGW/PGW(ITS AS( SGW/PGW(eNB
	20
	Out of RAN WG2 scope

	eNB ( destination V-UE
	10
	Receiving and processing

	Total
	48~115
	


Observation3: V2V message transport with the combination of SL overhearing for UL and unicast for DL may fulfill V2V latency requirement. In worst case, the latency requirement may not be fulfilled due to PC5 transmission latency.
Scenario 2.2) V-UE to eNB via eNB’s sidelink overhear ( eNB processing ( eNB to Destination V-UE via broadcast

Total latency is calculated as (a2)+(b2)+(c2)

Table 11 Overall latency of V2V transport with PC5 overhearing for UL and MBMS for DL
	Description
	Time (ms)
	Comments

	SCI transmission 
	12~51
	From the message generation time to the start of data pool

SA period is assumed to be 8ms

Data pool period is assumed to be 32ms

	Data transmission 
	4~32
	From the start of data pool to completion of data transmission 

Min value of 4 ms corresponds to the case that first 4 subframes are used for transmission and 3 retransmissions. 

Max value of 32ms corresponds to the case that T-RPT of {00000001} is used so that transmission and retransmission happens only every 8ms. 

	eNB overhear and processing
	2
	Processing time 

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB ( destination V-UEs
	10
	Receiving and processing

	Total
	148~215
	


Observation4: V2V message transport with the combination of SL overhearing for UL and MBMS for DL cannot fulfill V2V latency requirement.
Scenario 3.1) V-UE to RSU UE via PC5 ( RSU UE to eNB via Uu ( network processing ( eNB to destination V-UE via unicast
Total latency is calculated as (a3)+(a1)+(b1)+(c1)

Table 12 Overall latency of V2V transport with SL and unicast for UL and unicast for DL
	Description
	Time (ms)
	Comments

	SCI transmission from source V-UE to RSU UE
	12~51
	From the message generation time to the start of data pool

SA period is assumed to be 8ms

Data pool period is assumed to be 32ms

	data transmission from source V-UE to RSU UE
	4~32
	From the start of data pool to completion of data transmission 

 

	RSU UE reception and processing
	10
	10 ms processing time by RSU UE is assumed.  

	Transmitting from RSU UE to eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [2]

	eNB(SGW/PGW(ITS AS( SGW/PGW(eNB
	20
	Out of RAN WG2 scope

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	Total
	40
	

	eNB ( destination V-UE
	10
	Receiving and processing

	Total
	146~213
	


Observation5: Combination of SL to RSU UE and unicast for UL and unicast for DL cannot fulfill V2V latency requirement.  
Scenario 3.2) V-UE to RSU UE via PC5 ( RSU UE to eNB via Uu ( network processing ( eNB to destination V-UE via MBMS broadcast

Total latency is calculated as (a3)+(a1)+(b2)+(c2)

Table 13 Overall latency of V2V transport with SL and unicast for UL and MBMS for DL
	Description
	Time (ms)
	Comments

	SCI transmission 
	12~51
	From the message generation time to the start of data pool

SA period is assumed to be 8ms

Data pool period is assumed to be 32ms

	Data transmission 
	4~32
	From the start of data pool to completion of data transmission 

Min value of 4 ms corresponds to the case that first 4 subframes are used for transmission and 3 retransmissions. 

Max value of 32ms corresponds to the case that T-RPT of {00000001} is used so that transmission and retransmission happens only every 8ms. 

	RSU UE reception and processing
	10
	10 ms processing time by RSU UE is assumed.  

	Transmitting Source V-UE to eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [2]

	eNB(SGW/PGW(ITS AS(BM-SC
	20
	Out of RAN WG2 scope

	BM-SC ( eNB
	20
	Assumes SYNC sequence length = 20ms = MSP/2. 

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB ( destination V-UEs
	10
	Receiving and processing

	Total
	126~193
	


Observation6: Combination of SL to RSU UE and unicast for UL and MBMS for DL cannot fulfill V2V latency requirement.  
Observation7: If RRC state transition is required in V2V message transport, V2V latency requirement cannot be fulfilled. 

3 Conclusion
Proposal To capture the results and observation the latency analysis in the TR for V2X [3]
4 Reference
[1] TR36.912, Feasibility study for Further Advancements for E-UTRA
[2] TR 36.868, Study on group communication for E-UTRA 

[3] TR 36.885, Study on LTE based V2X services 

5 Annex 

In this section, we provide how latency analysis for sidelink communication transmission using mode2 is performed in the sections above. Total latency for sidelink communication transmission is the sum of the following two latency components:

· 
Latency for SCI transmission: this latency is defined as the time duration from the moment of arrival of message to send to the moment of the start of the sidelink data pool 
· 
Latency for data transmission: this latency is defined as he time duration from the start of the data pool to the moment of completion of data transmission 
Let us x be the period of SCI pool and y be the period of data pool, as shown in Figure Annex.1. Then the min value and max value of each latency component can be calculated as follows:
· 
The min value of the latency for SCI transmission can be calculated as follows: 
· If the message to transmit is generated on subframe x+y-4 and the UE selects sidelink grant, the SCI transmission that can happen only 4ms after the grant selection happens on the subframe x+y. Taking the SCI period of x ms is further taken into account, the latency in this case is x+4ms, which is the min value for this latency. Noting that the minimum value of x+y is 40ms according to TS 36.331, if x=8, y=32, then the min latency is 12ms.    
· 
The max value of the latency for SCI transmission can be calculated as follows:

· If the message to transmit is generated on subframe x+y-3 and the UE selects sidelink grant, the SCI transmission can only happen on subframe 2*(x+y). Taking the SCI period of x ms is further taken into account, the latency in this case is 2x+y+3ms, which is max value for this latency. Noting that the minimum value of x+y is 40ms according to TS 36.331, if x=8, y=32, then the max latency is 51ms.
· 
The min value of the latency for data transmission can be calculated as follows:

· Min value of 4 ms is observed in the case that first 4 consecutive subframes are used for transmission and 3 retransmissions respectively. 

· 
The max value of the latency for data transmission can be calculated as follows:

· Max value of 32ms is observed if T-RPT of {00000001} is used so that transmission and retransmission happens only every 8ms. Then one new transmission + 3 retransmissions requires 32ms. 
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Figure Annex.1
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