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1
Introduction
This contribution evaluates the latency of Uu based V2V transport based on configurations allowed by existing specifications.  This contribution only focuses on scenario 2 [1], and considers all vehicle UEs are in RRC_CONNECTED.
2
Delay components
2.1
(L_UL) latency from UE to eNB via UL
SR configurations of 1ms and 5ms period are allowed by existing specifications, and up to 36 SRs can be configured in 1 PRB. Therefore, for the delay sensitive V2V service, it is possible that the eNB configures the 1 ms SR period configuration to the vehicle UE.

V2V messages are generated periodically. SPS resources can be configured to the UE by the eNB taking into account the packet arriving timing.
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Fig.1 latency analysis for SPS resource allocation
The latency of L-UL for SPS and non-SPS cases can be evaluated in table 1. 
Table.1 L-UL: Latency for V2V message transmission from V-UE to eNB via UL
	Description
	Time (ms)
	Comments

	
	SPS
	Dynamic > Mean
	Dynamic > Max
	

	Uplink transmission
	5.8
	16.3
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, Mean value calculated by using SR period/2 while max value calculated by using SR period. 
For SPS:

1ms SPS is assumed for waiting for SPS resources and 4ms for transmission and eNB processing
The target BLER is set to be 10%.

	Uplink transmission (5ms SR period)
	5.8
	13.8
	16.3
	For dynamic scheduling: 

5ms SR period is assumed, Mean value calculated by using SR period/2 while max value calculated by using SR period. 
For SPS:

1ms SPS is assumed for waiting for SPS resources and 4ms for transmission and eNB processing
The target BLER is set to be 10%.

	Uplink transmission (1ms SR period)
	5.8
	11.8
	12.3
	For dynamic scheduling: 

1ms SR period is assumed, Mean value calculated by using SR period/2 while max value calculated by using SR period. 
For SPS:

1ms SPS is assumed for waiting for SPS resources and 4ms for transmission and eNB processing
The target BLER is set to be 10%.


2.2
Network processing delay: from eNB (via ITS server) to eNB with passing through BM-SC (to use MBSFN/SC-PTM DL)
For analysis of network processing delay from the BM-SC to the eNB, the procedure is illustrated in Fig.2. Assume that a packet arrives at the timing t1. Considering the propagation delay between BM-SC and the farthest eNB, BM-SC estimates that when the packet arrives to the farthest eNB, the packet will just miss the starting point t2 of the next MSP (worst case). Therefore, for this case, BM-SC should set a proper time stamp for this packet and sends this packet to the eNB, to make sure that this packet should be sent in the MSP following next MSP. The eNB will send this packet at the beginning of that MSP, i.e., t3. The behavior is explicitly specified in Section 15.3.7 of 36.300 [2].
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Fig. 2 Maximum latency for MBSFN/SC-PTM for worst case

For the procedure of this worst case, the delay from when the packet arrives to the BM-SC to when the eNB starts to transmit the packet is the propagation delay (10ms assumed here) plus a MSP (40ms assumed here). 
This latency analysis above is applicable to MBSFN as well as SC-PTM.
For MBSFN, the latency L-NW_bc can be presented in table 2. 
Table 2 L-NW_bc: 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
	50
	 Including backhaul delay of 10ms plus one MSP, MSP is assumed to be 40ms 

	Total
	70
	


For SC-PTM, the latency of L-NW_scptm can be calculated as in Table 3. Note that it was agreed that SC-PTM scheduling period (i.e., DRX) is optional [8].
Table 3 L-NW_scptm: Latency for network processing of received V2V message for SC-PTM transmission
	Description
	Time (ms)
	Comments

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

	BM-SC ( eNB (with DRX configured)
	20
	Including backhaul delay 10ms , plus one SC-PTM period.(i.e. minimum SC-PTM scheduling period 10ms [3]). SYNC can be used in this case.

	BM-SC ( eNB (without DRX configured)
	10
	Including backhaul delay 10ms, SC-PTM period is not configured [3].

	Total
	30 or 40
	


2.3
Network processing: from eNB (via ITS server) to eNB without passing through BM-SC (to use unicast DL)
For unicast DL, the latency of L-NW_uc can be calculated as in Table 4. 
Table 4 L-NW_uc: 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
	


2.4
eNB to UE via MBSFN/SC-PTM DL
For the packet of the worst case illustrated in Fig.2, the packet can be transmitted at the beginning of the MSP of MBSFN/SC-PTM. 

For MBSFN, the latency of L-DL_bc can be presented in table 5. 
Table 5 L-DL_bc: Latency for V2V message transmission from eNB to V-UE via MBSFN
	Description
	Time (ms)
	Comments

	eNB ( UE
	4
	1 ms for eNB transmission (transmitted in the first subframe of MSP) and 3 ms for UE processing


The latency of L-DL_scptm can be presented in table 6. 
Table 6 L-DL_scptm: Latency for V2V message transmission from eNB to V-UE via SCPTM
	Description
	Time (ms)
	Comments

	eNB ( UE
	4 
	1 ms for eNB transmission (transmitted in the first subframe of MSP) and 3 ms for UE processing


2.5
eNB to UE via Unicast DL
The latency of L-DL_uc can be presented in table 7. 
Table 7 L-DL_uc: Latency for V2V message transmission from eNB to V-UE via unicast DL
	Description
	Time (ms)
	Comments

	eNB ( destination UE
	4.8
	Target BLER of 10% is assumed. 

1ms transmission delay and 3ms UE processing delay are assumed.


3
Overall delay
3.1 Unicast overall delay
Table 8 Unicast delay L-UL + L-NW_uc + L-DL_uc
	Latency component
	Description
	M/O
	Time (ms)
	Comments

	L-UL
	Uplink transmission
	M
	12.3
	1 ms SR period is assumed with 10% target BLER 

	L-NW_uc
	eNB(SGW/PGW(ITS AS( SGW/PGW(eNB
	M
	20
	Out of RAN WG2 scope

	L-DL_uc
	eNB ( destination UE
	M
	4.8
	Target BLER of 10% is assumed. 

3ms processing time is assumed. 

	Total with mandatory components
	37.1
	


3.2 MBSFN overall delay

Table 9 MBSFN delay L-UL + L-NW_bc + L-DL_bc
	Latency component
	Description
	M/O 
	Time (ms)
	Comments

	L-UL
	12.3
	M
	12.3
	1 ms SR period is assumed with 10% target BLER 

	L-NW_bc
	20
	M
	20
	Out of RAN WG2 scope

	L-NW_bc
	50
	M
	50
	 Including backhaul delay of 10ms plus one MSP, MSP is assumed to be 40ms 

	L-DL_bc
	4
	M
	4
	1ms for transmission, and 3ms for UE processing

	Total with mandatory components
	86.3
	


3.3 SC-PTM overall delay

Table 10 SC-PTM delay L-UL + L-NW_scptm + L-DL_scptm

	Latency component
	Description
	M/O 
	Time (ms)
	Comments

	L-UL
	12.3
	M
	12.3
	1 ms SR period is assumed with 10% target BLER 

	L-NW_scptm
	20
	M
	20
	Out of RAN WG2 scope

	L-NW_scptm
	10
	M
	10
	Including backhaul delay 10ms, without DRX configured

	L-DL_scptm
	4 
	M
	4 
	1ms for transmission, and 3ms for UE processing

	Total with mandatory components
	46.3 
	


4
Conclusion 
The Uu latency analysis based on best configurations are provided in this contribution. It is proposed to capture the analysis results into TR 36.885.
Proposal 1: Capture the analysis results based on best configuration into TR 36.885.
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