Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #92

 
draft R2-156505
Anaheim, CA, USA, 16 – 20 November 2015
Agenda item:
7.11
Source: 
LG Electronics Inc.
Title: 
Email discussion - [91bis#36][LTE/V2X] Latency analysis
Document for:

Discussion
1 Introduction
This paper is to have email discussion on initial latency evaluation on the agreed scenarios for V2X, as agreed in the RAN2#91bis. . 
· [LTE/V2X] – Initial latency evaluation on agreed scenarios - LG

-
Agree on evaluation assumptions.  On multi-operator, so far the assumption is that two user can be connected to different operators and single and two eNB deployments can be considered.

-
Provide an initial analysis of latency number 

-
Intended outcome:  Provide a summary of evaluation assumption and initial latency numbers

-
Deadline:  Nov. 5th (extended to Nov. 10th)
The plan is to have two-phased email discussion, with the aim give below:
· Phase 1: List of latency component is discussed, and latency value of each latency component is analysed
· Phase 2 : Overall latency of each V2X scenario agreed in the TP for V2X is now calculated by simply adding up the value agreed in the phase1. 

It seems that three or four days would be sufficient for phase2, and overlapping between phase1 and phase2 is not excluded. 
2 Phase1: Latency decomposition
Uu based scenarios
For V2V latency analysis, we will consider four scenarios that are provided as main V2V scenarios in [1]:
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(c) Scenario3A






(d) Scenario3B
Figure1. V2X scenarios considered in TP[x]


For the uplink transport of V2X message from source V-UE to eNB, we consider normal unicast uplink transmission mechanism. For the downlink transport of V2X message from eNB to destination V-UE, we consider unicast, MBMS and SC-PTM mechanisms:
· 
Scenario 1) 
Source V-UE to destination V-UE via SL
· 
Scenario 2) 
Source V-UE to eNB via UL + network processing + eNB to destination V-UE via DL
· 
Scenario 2-1) 
Source V-UE to eNB via UL + network processing + eNB to destination V-UE via unicast DL
· 
Scenario 2-2) 
Source V-UE to eNB via UL + network processing + eNB to destination V-UE via MBMS
· 
Scenario 2-3) 
Source V-UE to eNB via UL + network processing + eNB to destination V-UE via SC-PTM
· 
Scenario 3a)
 V-UE to UE(RSU) via SL + UE(RSU) to eNB via UL + network processing + eNB to destination V-UE via DL
· 
Scenario 3a-1)
 V-UE to UE(RSU) via SL + UE(RSU) to eNB via UL + network processing + eNB to destination V-UE via unicast DL
· 
Scenario 3a-2)
 V-UE to UE(RSU) via SL + UE(RSU) to eNB via UL + network processing + eNB to destination V-UE via MBMS
· Scenario 3a-3)
 V-UE to UE(RSU) via SL + UE(RSU) to eNB via UL + network processing + eNB to destination V-UE via SC-PTM
· 
Scenario 3b) 
V-UE to eNB via UL + network processing + eNB to UE (RSU) via DL + UE(RSU) to destination V-UE via SL
· 
Scenario 3b-1) 
V-UE to eNB via UL + network processing + eNB to UE (RSU) via unicast + UE(RSU) to destination V-UE via SL
· 
Scenario 3b-2) 
V-UE to eNB via UL + network processing + eNB to UE (RSU) via MBMS + UE(RSU) to destination V-UE via SL
· Scenario 3b-3) 
V-UE to eNB via UL + network processing + eNB to UE (RSU) via SC-PTM + UE(RSU) to destination V-UE via SL
Editor’s note: The latency analysis could be updated based on the progress of Rel-13.
Latency decomposition 
It is assumed that sidelink communication is utilized for PC5 transport in the evaluation. 
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: 
· 
L-RRC 

defined as the latency required for state transition from RRC_IDLE to RRC_CONNECTD and data bearer setup 
· 
This latency component addresses the time duration from the time UE starts RRC connection establishment to the time the UE has been configured with data bearer that is used to transport V2V messages.

· 
L-paging 
defined as the latency required for reception of paging message
· 
This latency component addresses the time duration from the time paging message is arrived at eNB and to the time the UE successfully receives the paging message.
· 
L-SL_config 
defined as the latency required to configure sidelink configuration to a UE via dedicated signaling 
· 
This latency component addresses the time duration from the time UE sends SidelinkUEInformation for transmission resource request to the end time destination UE is configured with sidelink configuration via dedicated signaling.
· 
L-SL
 
defined as the latency of SL transport between two UEs 
· 
This latency component addresses the time duration from the time UE has a V2V message to send over sidelink to the end time destination UE successfully receives the V2V message.
· 
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 successfully receives the V2V message. 
· 
L-DL_uc 

defined as the latency of unicast DL transport between eNB and UE 
· 
This latency component addresses the time duration from the time eNB has V2V message to send and to the time the UE successfully receives the V2V message over unicast DL. 
· 
L-DL_bc
 
defined as the latency of MBMS transport between eNB and UE 
· 
This latency component addresses the time duration from the time eNB has V2V message to send and to the end time the UE successfully receives the V2V message over MBMS.
· 
L-DL_scptm 
defined as the latency of SC-PTM transport between eNB and UE 
· 
This latency component addresses the time duration from the time eNB has V2V message to send and to the end time the UE successfully receives the V2V message over SC-PTM.
· 
L-NW_uc 
defined as the latency of network processing in case of unicast transport for DL
· 
This latency component addresses the time duration from the time of eNB reception of V2V message to the time the eNB
 is ready to transmit the V2V message over unicast DL.

Editor’s note: In case the eNB that is supposed to transmit a concerned V2V message is different from the eNB that received the V2V message, L-NW_uc needs to consider the latency required for inter-eNB messaging. It is FFS whether the inter-eNB V2V messaging should be in the scope of this latency analysis. 
· 
L-NW_bc 
defined as the latency of network processing in case of MBMS transport for DL
· 
This latency component addresses the time duration from the time of eNB reception of V2X message in UL to the time the eNB is ready to transmit the V2V message over MBMS DL.
· 
L-NW_scptm 
defined as the latency of network processing in case of SC-PTM transport for DL
· 
This latency component addresses the time duration from the time of eNB reception of V2X message in UL to the time the eNB is ready to transmit the V2V message over SC-PTM DL.
· 
L-RSU
 
defined as the latency of RSU(UE) processing 
· 
This latency component addresses the processing time at RSU side from the time the RSU successfully receives the V2V and the time the RSU is ready to transmit from upper layer point of view 
	Q1. Companies are asked to provide their view on the list of latency components above.  

	Company
	View

	CATT
	L-RSU is not reflected in the following latency evaluation. So can we assume it can be ignored?

	Qualcomm
	We think L-RRC can be considered for first time transition. However due to 100ms periodic transmission it seems unlikely that UE will be moving from Connected to IDLE after every transmission. Probably UE will end up being connected all the time.

However, due to always connected case HO delay becomes more important than IDLE to Connected transition.

	Ericsson
	We agree with Qualcomm that transitions from connected to idle might not be relevant especially for UE-type RSU that should probably be considered as always in connected mode.

	Huawei/HiSilicon
	For Scenario 2 and 3B, agree with Qualcomm that vehicle UEs can assume to be connected all the time because of the V2V traffic characteristic. 

For Scenario 3A, it may be difficult to assume the UE RSU to be always connected. This is because the UE RSU does not generate V2V messages by itself, but only transmits messages when there are vehicles in coverage of the UE RSU requesting the UE RSU for traffic relaying. It could be that in a long period especially at night there is no vehicle in coverage of a UE RSU, so that the UE RSU has no any traffic for transmission and its RRC connection is released. In this case, when a vehicle enters the coverage of the UE RSU in RRC_IDLE and requests traffic relaying, the UE RSU needs to establish RRC connection. 


	LG
	We think the UE type RSU may have to be probably in connected mode always. But we are fine with including the RRC state transition latency in all possible cases, just for evaluation. 


With the latency decomposition, the end-to-end latency of each V2V scenario can be calculated as follows: 
· 
Scenario 1) 
(L-RRC + L-SL_config) + L-SL

· 
Scenario 2-1) 
(L-RRC) + L-UL + L-NW_uc + L-DL_uc
· 
Scenario 2-2) 
(L-RRC) + L-UL + L-NW_bc + L-DL_bc
· 
Scenario 2-3) 
(L-RRC) + L-UL + L-NW_scptm + L-DL_scptm
· 
Scenario 3a-1)
(L-RRC + L-SL_config) + L-SL + L-RSU + (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc
· 
Scenario 3a-2) (L-RRC + L-SL_config) + L-SL + L-RSU + (L-RRC) + L-UL + L-NW_bc + L-DL_bc
· 
Scenario 3a-3) (L-RRC + L-SL_config) + L-SL + L-RSU + (L-RRC) + L-UL + L-NW_scptm + L-DL_scptm
· 
Scenario 3b-1) (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC + L-SL_config) + L-DL_uc + + L-RSU + L-SL
· 
Scenario 3b-2) (L-RRC) + L-UL + L-NW_bc + L-DL_bc + L-RSU + (L-RRC + L-SL_config) + L-SL
·   Scenario 3b-3) (L-RRC) + L-UL + L-NW_scptm + L-DL_scptm + L-RSU + (L-RRC + L-SL_config) + L-SL
	Q2. Companies are asked to provide their view on latency decomposition of each scenario. 

	Company
	View

	ZTE
	In our opinion, it might be necessary to consider L-RRC delay for scenario 1 as well, since the V-UE in coverage may also need to establish a RRC connection and acquire Tx/Rx resource configuration for PC5 communication. In addition, for the UEs involved with PC5 communication, the ProSe resource configuration delay should also be considered. 

	Intel
	Should we really consider L-RRC for user data end2end delay? We think it has not been considered for user plane delay analysis up to now. 

	Nokia Networks
	For scenario 3a-1) and 3a-2), if UE is in ilde mode and is configured with mode-1 resource allocation, it also needs to enter connected mode to request resources.

For scenario 3a-1) and scenario 3b-1), if receiving UE is in idle mode, total latency should also include paging latency and L-RRC for such receiving UE.

· Scenario 3a-1)
L-SL + L-RSU + L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc

· Scenario 3b-1) (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc + L-RSU + L-SL

	CATT
	For Uu interface in scenario 2 and scenario 3, we think the latency should be evaluated for IDLE mode and Connected mode UE separately;

For PC5 interface in scenario 1 and scenario 3, since it can applicable for in coverage and out of coverage cases, for evaluation point of view, it is sufficient to only consider mode 2, i.e. L-RRC not included. 

For scenario 2-1, scenario 3a-1 and scenario 3b-1, in case of UE in idle mode, L-RRC is only included once, based on the assumption that RRC connection establishment for transmitting UE and receiving UE are in parallel, and L-paging is not considered. It is also the assumption used for GCSE evaluation.

	Qualcomm
	We tend to agree with Intel that there will not be frequent IDLE to Connected transition due to traffic characteristics.

	ETRI
	We agree with Qualcomm.

	Ericsson
	We agree with Nokia and ZTE that L-RRC should be considered also in Scenario 1.

We also agree with Nokia analysis that L-RRC and paging should be considered in DL unicast scenario. However, we believe that the same arguments should apply also to scenario 2-1 

	Huawei/HiSilicon
	Agree with Nokia that we need to consider both Mode 1 and Mode 2 for sidelink transmission. 

Actually it could be difficult for RAN2 to evaluate the latency for sidelink communication, because we do not know if any extra latency should be considered from physical layer perspective (e.g., synchronization). Now RAN1 is responsible for PC5 study, it is more reasonable to ask RAN1 for inputs before we decide any latency values for Scenario 1.



	LG
	For the L-RRC in transmission vehicle, we think the valid assumption for V2V seems to not have L-RRC (i.e. the UE has to be in connected mode), but we are fine to consider L-RRC as optional just for evaluation.
For the L-RRC in reception vehicle, we think the valid assumption for V2V sees to not have L-paging and L-RRC (i.e. the UE has to be in connected mode), but we are fine to consider such latency component just for valuation  
For sidelink latency in general, we think RAN2 should have initial values based on RAN2 analysis for progress of general latency analysis. If there is any RAN1 input on this, e.g. extra delay, the latency value can be updated. 

For sidelink latency, we are fine to consider mode1 latency as well. 


Latency analysis for each latency component 
The expected latency of each latency component is provided in this sub-clause. 
(L-RRC) RRC_IDLE to RRC_CONNECTD and data bearer setup 
This latency component addresses the time duration from the time UE starts RRC connection establishment to the time the UE is configured with data bearer that is used to transport V2V message.
If UE is in RRC_IDLE, transmission or reception of V2V message via unicast requires the UE to make a RRC connection and establish dedicated data bearer to transport V2V message to/from network. Then the following latency component needs to be additionally considered when calculating overall latency for each scenario.  
Note 
· 
The latency of RRC connection establishment and bearer establishment is based on 36.912 [5]
	Q3. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	Nokia Networks
	For reception of V2V message via unicast for idle mode UE, paging needs to be done before RRC connection setup. Paging latency needs to be added on top of that.

	CATT
	Agree.

	Qualcomm
	We agree that it is true for first transmission. However as mentioned for Question 1 and 2 that subsequent transmission should not be affected by this delay.

	ETRI
	Agree with Qualcomm.

	Ericsson
	Agree with Nokia and Qualcomm

	Huawei/HiSilicon
	For Scenario 2 and Scenario 3B, agree with Qualcomm that only first transmission from the vehicle UE to the eNB is affected by delay.

For Scenario 3A, same as analysis above, it may be difficult to assume that the UE RSU is always in RRC_CONNECTED, and this latency needs to be considered.


The latency of L-RRC can be presented in the following table. 
Table 1  L-RRC: Latency for RRC connection establishment and data bearer establishment
	Descriptions
	Time (ms)
	Comments

	Descriptions
	Rel-8
	Rel-10
	Comments

	RRC_IDLE to RRC_CONNECTED + bearer setup
	80

	50

	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

Rel-8 value is referenced from Table B.1.1.1-1 of 36.912

	Total
	80
	50
	


Editor’s note 1a: FFS which value should be taken as baseline for overall latency analysis
	Q4. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	ZTE
	What is the “end to end setup time” exactly? How is the 80ms value derived? (a detailed description of the delay calculation is expected)

	CATT
	What is the meaning of “end to end setup time”? We think L-RRC only includes the latency of RRC_IDLE to RRC_CONNECTED, i.e. 80ms.

	Qualcomm
	Agree with ZTE and CATT

	ETRI
	Agree with CATT. And “RRC_IDLE to RRC_CONNECTED” value (80ms) would be referenced from TR 36.868 Table 5.1.1.2-1, so additional description may not be needed.

	Ericsson
	Our understanding is that the analysis in 36.912 includes the transmission time from idle to connected mode including the activation of a default radio bearer. 

We note that in 36.912, the 80ms seems to be the benchmark for Rel.8, while 50ms is the benchmark for Rel.10 and beyond (table 16.2.1-1 in 36.912). This aspect should be taken into account.

	Huawei/HiSilicon
	Agree with Ericsson. Seems that 36.912 has considered Rel-8 mechanisms and improvements made for Rel-10 and beyond. Therefore, we think 50ms can be considered here.

Note that 50 ms is based on RACH scheduling period (1ms RACH cycle).

	LG
	Share the understanding with Ericsson and Huawei. 


Note that the total latency of this latency component in the table above almost approaches 100ms. This means that if UE involved in V2V message transport is in RRC_IDLE, the V2V message latency requirement is hard to meet. 
(L-SL) SL transport between two UEs
This latency component addresses the time duration from the time UE has a V2V message to send over sidelink to the end time destination UE receives the V2V message.
For the analysis of this latency component, only mode 2 is considered for simplicity. If mode 1 needs to be considered, legacy scheduling delay for Uu can be added to the mode 2 latency evaluation. 
Total latency for sidelink communication transmission in mode 2 can be modeled as the sum of the following three 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 - 1 subframe
· 
Latency for data transmission: this latency is defined as the time duration from the start of the data pool to the moment of completion of data transmission 
· 
Processing of sidelink reception: this latency is defined as the time duration from the moment of reception of the last data retransmission to the moment of completion of reception after L1/L2 processing. 
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Figure 1 Sidelink communication transmission 
Let x be the duration of SCI pool and y be the duration 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 duration 
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, 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 duration
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 require 32ms. 
	Q5. Companies are asked to provide their view on latency analysis of sidelink communication. 

	Company
	View

	ZTE
	The delay for Mode1 sidelink communication transmission should also be considered.

	Intel
	Both mode1 and mode2 should be considered for the delay analysis. 

	Nokia Networks
	RAN1 is evaluating PC5 latency. We should not duplicate the work in RAN2 and should wait for RAN1’s input.

	CATT
	Agree with the above analysis. 

We think it is sufficient to only consider mode 2 in evaluation. Although RAN1 is working on PC5, we can evaluate PC5 latency independently and check it with RAN1 later.

	Qualcomm
	One minor comment: Min value for data can be actually 1ms because UE can start decoding after receiving first transmission itself.

	ETRI
	Agree.

RAN1 decided to focus on Mode 2 for initial evaluation, so considering only Mode 2 would be enough at the moment.
Also, agree with Qualcomm’s suggestion on Min value.

	Ericsson
	We agree with Intel and ZTE, mode 1 should be also considered. There are signaling aspects that are outside the RAN1 scope and that should be considered by RAN2 anyhow.

	Huawei/HiSilicon
	Agree with ZTE and Intel that Mode 1 needs to be considered as well.

Agree with Nokia that RAN1’s inputs are needed. Potential physical layer latency needs to be considered, e.g., synchronization procedure.

Agree with Qualcomm that Min value for data transmission can be 1ms, but extra processing time at receiver side may need to be considered, 2ms?

	LG
	Agree with companies that mode1 needs to be introduced. 
For sidelink latency value, even if the sidelink latency is being considered in RAN1 performance metric for sidelink, RAN1 does not evaluate sidelink latency ivalue tself. We note RAN2 evaluates overall latency for several scenarios and some includes sidelink. So initial latency value for sidelink from RAN2 point of view is required. 


The latency of L-SL can be presented in the following table. 
Table 2 L-SL_mode2: Latency for V2V message transmission from V-UE to V-UE (RSU) via SLwith Mode2
	Description

Description
	Time (ms)
	Comments

Comments

	
	Min
	Max
	

	SCI transmission 
	12
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	Data transmission 
	4

	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	Destination UE processing
	3
	3
	3ms processing time is assumed.

	Total 
	19
	86
	


Table 3 L-SL_mode1: Latency for V2V message transmission from V-UE to V-UE (RSU) via SL with Mode1
	Description

Description
	Time (ms)
	Comments

Comments

	
	Min
	Max
	

	SL scheduling 
	18
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	SCI transmission 
	12
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	Data transmission 
	4

	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	Destination UE processing
	3
	3
	3ms processing time is assumed.

	Total 
	37
	104
	


Editor’s note 2a: FFS whether the min value of data transmission should be 1ms (currently 4ms), considering successful reception only of the first transmission. 

Editors’ note2b: The underlying assumption is that our analysis should be based on worst case. It is hence FFS whether for SL scheduling maximum latency of SR resource acquisition (=SR period) should be considered or whether average latency of SR resource acquisition (=SR period/2) should be considered.
	Q6. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	ZTE
	The descriptions such as “SA period is assumed to be 8ms” seem wrong. In our understanding, the SA time duration (and not the SA period) could be 8ms, the data pool time duration could be 32ms and the overall period for SA and data could be 40ms.
On the other hand, since the mean latency time is considered for most other latency components, we think it is better to consider mean value of this latency component as well.

	Intel
	For mode2: 

Procedure

Time [ms]

Comment

Alignment time for control/data period

(20 - 160)

An average value based on the shortest period, 40ms. Period can be configured among {40 - 320}ms.

Sidelink control 

1

An average value based on 2 TTIs for sidelink control.

Alignment time for data subframes

3

Assumed the shortest size ‘4’ bit-string is used for sidelink control subframes, and the data subframes are available just after control subframes.

Sidelink data

2

An average value based on 4 TTIs for sidelink data.

L1/2 processing time in rx UE

3

Assumed 3ms UE L1/L2 processing time.

Total

(29 - 169)

　

For mode 1: 

Procedure

Time [ms]

Comment

Alignment time for scheduling request

2.5

An average value based on 5ms scheduling request period.

Scheduling request

1

　

Transmission of PDCCH

4

Assumed 3ms eNB L1/L2 processing time

Sidelink buffer status report

4.8

Assumed 3ms UE L1/L2 processing time and HARQ retransmission @ 10%. 

Transmission of PDCCH

4

Assumed 3ms eNB L1/L2 processing time

Alignment time for control/data period

(20 - 160)

An average value based on the shortest period, 40ms. Period can be configured among {40 - 320}ms.

Sidelink control 

1

An average value based on 2 TTIs for sidelink control.

Alignment time for data subframes

3

Assumed the shortest size ‘4’ bit-string is used for sidelink control subframes, and the data subframes are available just after control subframes.

Sidelink data

2

An average value based on 4 TTIs for sidelink data.

L1/2 processing time in rx UE

3

Assumed 3ms UE L1/L2 processing time.

Total

(45.3 - 185.3)

　



	CATT
	Mean latency time based on shortest SC period (i.e. 40ms) should be considered. 

	Qualcomm
	Agree with CATT.

Regarding Intel’s calculation:

It is fine to have min and max delay but it should be calculated for one particular setting (best setting). It does not make sense to do delay analysis with worst configuration.

	ETRI
	Agree.

	Ericsson
	We agree with Qualcomm that SC period =40ms should be considered as benchmark.

	Huawei/HiSilicon
	Pending for RAN1’s inputs.


(L-UL) UE to eNB via UL
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.
For the analysis of this latency component, it is assumed that all UEs (vehicles or RSU) are in RRC_CONNECTED so that the latency required for idle to connected state and dedicated bearer setup is not considered
Note 
· 
The user plane latency for uplink transmission is based on the analysis in the Table A.1 of TR 36.881[2]
	Q7. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	CATT
	Agree.

	Qualcomm
	Agree

	ETRI
	Agree.

	Ericsson
	Agree

	Huawei/HiSilicon
	Agree

	LG
	Agree


The latency of L-UL can be presented in the following table. 
Table 4 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
	13
	16.3
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

	Total
	13
	16.3
	21.3
	


Editor’s note 3a: The underlying assumption is that our analysis should be based on worst case. It is hence FFS whether for dynamic scheduling mean value should be also considered for latency analysis.
Editor’s note 3b: FFS whether the BSR needs not be considered.
	Q8. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	Intel
	We think buffer status report needs to be considered otherwise the eNB cannot be aware of whether the data is for SL or UL. 
Procedure

Time [ms]

Comment

Alignment time for scheduling request

2.5

Assumed 5ms scheduling request period

Scheduling request

1

　

Transmission of PDCCH

4

Assumed 3ms eNB L1/L2 processing time

Buffer status report

4.8

Assumed 3ms UE L1/L2 processing time and HARQ retransmission @ 10%

Transmission of PDCCH

4

Assumed 3ms eNB L1/L2 processing time

UL data

4.8

Assumed 3ms UE L1/L2 processing time and HARQ retransmission @ 10%

Total

21.1

　



	CATT
	Agree.

	Qualcomm
	We think best case (min) will be SPS where there is no need for SR/BSR Transmission.

Worst case (Max delay) will be for the case when Handover (because UEs are in connected state) is involved.

	ETRI
	Agree.

	Ericsson
	Agree with above analysis, maybe it should be stated which BLER target is considered. According to table A.1 in 36.881 it should be 16.3ms (the mean delay) and 21.3ms (the max delay) considering 10% BLER.

	Huawei/HiSilicon
	We think that the analysis of UL should be based on the best configuration (i.e., 1ms scheduling request period) especially for the delay sensitive V2V transmission, same as evaluation for SL. BSR may not need to be considered, because the eNB can schedule enough resources for the first UL grant based on the knowledge of history transmissions.
Agree with Qualcomm that SPS solution can be considered

For non-SPS case, the minimum latency can be same as the value captured in 36.868, i.e,, 10ms. The Mean value can be 10.8ms considering 10% BLER.
For SPS case, the minimum value could be 1ms (transmission) + 4ms (eNB decoding+ACK/NACK feedback) = 5ms. The mean value can be 5.8ms considering 10% BLER.

	LG
	We are fine to accept Ericsson suggestion, i.e. taking the Table A.1 as reference with target BLER set to 10%.
Fine to consider SPS for UL transmission mechanism. 


(L-NW_uc) Network processing: from eNB (via ITS server) to eNB without passing through BM-SC (to use unicast DL)

This latency component addresses the time duration from the time of eNB reception of V2V message to the time the eNB is ready to transmit the V2V message over unicast DL.
For the analysis of this latency component, it is assumed that the V2V message is travelling from eNB, then passing through S-GW/P-GW, ITS server, and is back to the eNB for unicast DL transmission. 
Note
· 
The latency calculation is based on TR 36.868[2] 
	Q9. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	CATT
	Agree.

	Qualcomm
	If it is going to ITS server then agree with assumption and notes.

However we don’t want to rule out the case where eNBs are sharing with neighbors and data is not going all the way to the servers.

	ETRI
	Agree. 

	Ericsson
	Agree

	Huawei/HiSilicon
	Agree. Regarding Qualcomm’s comments, we think the architecture proposed needs to be studied in SA2/RAN3 first. 

	LG
	Agree


The latency of L-NW_uc can be presented in the following table. 
Table 5 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
	


Editor’s note 4a: It is FFS whether 20ms is considered too optimistic as backhaul latency considering the observation in the real field. 
	Q10. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	Intel
	eNB -> SGW/PGW -> Application server -> SGW/PGW -> eNB

40

Out of RAN WG2 scope, the value 40ms, is shown as an example representative of the time required for the procedure. Backhaul transmission delay of 10ms on each network interface is assumed.

Total

40

　



	Nokia Networks
	Should depend on whether receiving UE is in idle mode or not. For connected mode UE, we are fine with the values.

	CATT
	Agree.

	Qualcomm
	We agree that 20 ms is mentioned in TR 36.868. However, when we performed simple ping test on LTE network we observed RTT between 50 to 100 ms. This observation somewhat matches with

lohan Garcia, Stefan Alfredsson, Anna Brunstrom, “Delay Metrics and Delay Characteristics:A Study of Four Swedish HSDPA+ and LTE Networks” 2015 European Conference on Networks and Communications (EuCNC).
So if ITS server is not very close then 20ms seems too optimistic. Probably 40-50 ms can be considered as more realistic number.

	ETRI
	Agree as the value comes from TR 36.868 and TR 36.890.

	Ericsson
	Agree

	Huawei/HiSilicon
	Agree.

	LG
	RAN2 previously considered 20 ms delay in other TRs. However, our analysis of V2X should be based on worst case. Even though it seems difficult to determine the worst value of backhaul, we prefer to consider 40 ms delay for this analysis.


(L-NW_bc) Network processing: from eNB (via ITS server) to eNB with passing through BM-SC (to use MBMS DL)
This latency component addresses the time duration from the time of eNB reception of V2X message to the time the eNB is ready to transmit the V2V message over MBMS DL.
For the analysis of this latency component, it is assumed that the V2V message is travelling from eNB and passing through S-GW/P-GW, ITS server, BM-SC and is back to the eNB for DL transmission.
Note
· 
The latency calculation is based on TR 36.868[2] 
	Q11. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	CATT
	Agree.

	ETRI
	Agree.

	Ericsson
	Agree

	Huawei/HiSilicon
	Agree

	LG
	Agree


The latency of L-NW_bc can be presented in the following table. 
Table 6 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
	60

	 Including backhaul delay, node processing delay with SYNC delay.  MSP is assumed to be 40ms 

	Total
	80
	


Editor’s note 5a: It is FFS whether 20ms is considered too optimistic as backhaul latency considering the observation in the real field. 
Editor’s note 5b: The underlying assumption is that our analysis should be based on the worst case. Hence, the latency from BM-SC to eNB is assumed to be the MSP period, not MSP period/2. FFS if this is a valid assumption.  
	Q12. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	Intel
	eNB -> SGW/PGW -> ITS server -> BMSC

30

Out of RAN WG2 scope, the value 20ms, is shown as an example representative of the time required for the procedure. Backhaul transmission delay of 10ms on each network interface is assumed.

BMSC -> eNB

20

The eNB processing time and M1 delay are captured into the 20ms.

Total

50

　



	Nokia Networks
	The BM-SC -> eNB delay includes the BM-SC processing, transmission delay, eNB processing and buffering of packets for the transmission. eNB may need to buffer the data for the duration of MSP for data which arrives at the beginning of the current MSP, which are scheduled for the transmission during the next MSP. As such, the BM-SC -> eNB delay depends on the length of MSP. We can assume the BM-SC processing, the transmission delay, and eNB processing to be less than 10 ms and, for simplicity, we can assume also that the buffering delay at eNB already capture these components. We consider the BM-SC -> eNB delay to be 40 ms, i.e. the length of MSP.

	CATT
	Agree.

	Qualcomm
	Considering BMSC-> eNB delay as 20ms and combining it with our response for Q11 it should be 50-60ms.

	ETRI
	Agree.

	Ericsson
	Agree

	Huawei/HiSilicon


	Agree with Nokia basically. The BMSC->eNB delay needs to consider at least packet synchronization (SYNC) delay which depends on length of MSP, propagation delay of BMSC->eNB and node processing delay.
If propagation latency of BMSC->eNB and node processing delay assume to be 20ms totally, and 40ms MSP is considered in this evaluation, the mean value for BMSC->eNB delay is 20 + 40/2 = 40ms, and the maximum value of that is 20+40 = 60ms.

	LG
	The backhaul latency needs to be updated for the worst case in accordance with our previous comment.


 (L-NW_scptm) Network processing: from eNB (via ITS server) to eNB with passing through BM-SC (to use SC-PTM DL)
This latency component addresses the time duration from the time of eNB reception of V2X message to the time the eNB is ready to transmit the V2V message over SC-PTM DL.
For the analysis of this latency component, it is assumed that the V2V message is travelling from eNB and passing through S-GW/P-GW, ITS server, BM-SC and is back to the eNB for DL transmission.
Note
· 
The latency calculation is based on TR 36.890 [6] 

	Q13. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	Nokia Networks
	We agree on the assumption about the transport path.

	CATT
	Agree.

	ETRI
	Agree.

	Ericsson
	Agree

	Huawei/HiSilicon
	Agree

	LG
	We agree in principle. However, we need to update the latency values in TR 36.890 for the worst case. In addition, further update may be needed considering the agreed values of SC-PTM configuration parameters in Stage-3.


The latency of L-NW_scptm can be presented in the following table. 
Table 5bis 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
	40
	Including backhaul delay, node processing delay with SYNC delay (i.e. SC-PTM scheduling period, with SC-PTM scheduling period of 20ms)

	Total
	60
	


Editor’s note 6a: It is FFS whether 20ms is considered too optimistic as backhaul latency considering the observation in the real field. 
Editor’s note 6b: For BM-SC to eNB, the same value as for MBMS case can be assumed for simplicity. 

Editor’s note 6c: 20ms SYNC period is assumed for the time being. However it is FFS whether SYNC needs to be considered in SC-PTM transmissions for V2X. 
Editor’s note 6d: Further update of latency values may be needed considering the agreed values of SC-PTM configuration parameters in Stage-3.

	Q14. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	Nokia Networks
	The total time of L-NW_scptm should be similar to L-NW_uc (eNB(SGW/PGW(ITS AS( SGW/PGW(eNB). SYNC has been discussed in the context of SC-PTM but it was claimed that the system may benefit from SYNC if the same data are transmitted in neighboring cells. We do not assume SYNC would be beneficial in V2X system where we assume the MBMS content to be different in neighboring cells mostly. The analysis of L-NW_bc assumes preconfigured MBMS bearers. It seems reasonable to assume pre-configured MBMS bearers are also used with SC-PTM bearer and the L-NW_scptm is equal to L-NW_uc, i.e. 20 ms. If the case, when the MBMS bearers are not pre-configured, should be included in the analysis, then a time need for the configuration of MBMS bearer in core network should be added.

	CATT
	Agree.

	ETRI
	Agree.

	Ericsson
	Agree

	Huawei/HiSilicon
	Similar to analysis for MBMS, 20ms assumes to be propagation delay of BMSC->eNB plus node processing delay.

Agree with Nokia that SYNC may not be beneficial in V2V system. 

For no SYNC case, the BMSC->eNB delay is 20ms

For SYNC case with 20ms scheduling period configured, the mean SYNC delay is  10ms. The total BMSC->eNB delay is 30ms.


	LG
	The backhaul latency needs to be updated for the worst case in accordance with our previous comment. In addition, we wonder if we can exclude SYNC protocol for SC-PTM because BM-SC does not know whether a MBMS service will be carried on MBSFN or SC-PTM. We prefer to include SYNC delay for SC-PTM for the time being.


(L-DL_uc) eNB to UE via unicast DL
This latency component addresses the time duration from the time eNB has V2V message to send and to the time the UE receives the V2V message over unicast DL.
For the analysis of this latency component, it is assumed that all UEs (vehicles or RSU) are in RRC_CONNECTED so that the latency required for idle to connected state and dedicated bearer setup is not considered
Note
· 
User plane latency from eNB to UE over unicast DL is based on the analysis in the section A1.1 of TR 36.881[3] 
	Q15. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	CATT
	Agree.

	Ericsson
	Agree

	Huawei/HiSilicon
	Agree

	LG
	Agree


The latency of L-DL_uc can be presented in the following table. 
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
	7.8

	Target BLER of 10% is assumed. 

3ms processing time is assumed. 

	Total
	7.8
	


	Q16. Companies are asked to provide their view on values provided in the table above.

	Company
	View

	ZTE
	In TR36.912, 10ms is assumed for U-Plane latency of synchronised UEs. We are not sure why 7.5ms is used here.

	Intel
	DL data

4.8

Assumed 3ms eNB L1/L2 processing time and HARQ retransmission @ 10%

L1/L2 processing time in rx UE

3

Assumed 3ms UE L1/L2 processing time.

Total

7.8

　



	Nokia Networks
	The assumption of DRX configuration should be clear.

	CATT
	Agree.

	ETRI
	Agree with ZTE as it is simple and reasonable.

	Ericsson
	According to 36.912, DL latency should be 4.8ms assuming 10% BLER which is a typical setting for an LTE system.

	Huawei/HiSilicon
	Agree with Ericsson. DL latency can be 4.8 for 10% BLER. 

	LG
	With 10% target BLER, we can take 4.8+3 ms as suggested by Intel and Ericsson.


(L-DL_bc) eNB to UE via MBMS 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 MBMS
For the analysis of this latency component, it is assumed that there is no difference in latency, depending on RRC state of the receiving UE. 
Note
· 
The decomposition of L-DL_bc is based on TR 36.868[2] 
· 
For the latency of MSI acquisition, max delay is assumed, in contrast to average delay used in TR 36.868[2]
	Q17. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	Nokia Networks
	The latency is independent of the RRC state.

The latency from eNB to UE is only a function of MSP. The UE receives MSI at the beginning of MSP. MSI provides information when MTCH is transmitted during MSP. eNB -> UE delay should not be included in table 6.

	CATT
	Agree.


The latency of L-DL_bc can be presented in the following table. 
Table 8 L-DL_bc: Latency for V2V message transmission from eNB to V-UE via MBMS 
	Description
	Time (ms)
	Comments

	MSP (Read MSI)
	40

	MSP = 40ms

	eNB ( UE 
	4

	eNB transmission and UE processing

	Total
	44
	


	Q18. Companies are asked to provide their view on values provided in the table.

	Company
	View

	Intel
	MSP (read MSI)

40

MSP = 40ms

DL data 

4

Assumed 1ms TTI and 3ms UE L1/L2 processing time.

Total

44

　


	Nokia Networks
	The latency from eNB to UE is only a function of MSP. The UE receives MSI at the beginning of MSP. MSI provides information when MTCH is transmitted during MSP. eNB -> UE delay should not be included in table 6.

	CATT
	Agree.

	ETRI
	Agree.

	Huawei/HiSilicon


	For for 40ms MSP configuration, 20ms is mean value, 40ms is the maximum value for the UE to start receiving data during the MSP. 

Also agree with Intel, 4ms can assume to be transmission and processing delay for DL eMBMS data.

	LG
	Suggest to take the value suggested by Intel (i.e. 4ms) for eNB(UE


(L-DL_scptm) eNB to UE via SC-PTM 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 SC-PTM DL.
For the analysis of this latency component, it is assumed that there is no difference in latency, depending on RRC state of the receiving UE. 
Note
· 
The latency calculation is based on TR 36.890 [6] 
	Q19. Companies are asked to provide their view on the assumptions and notes

	Company
	View

	Nokia Networks
	The assumption is correct. The latency is independent of the RRC state.

The latency evaluation should be based on the current agreements/stage of running CRs for SC-PTM rather than TR 36.890.

	CATT
	Agree.

	ETRI
	Agree.

	Huawei/HiSilicon
	Agree.


The latency of L-DL_scptm can be presented in the following table. 
Table 9 L-DL_scptm: Latency for V2V message transmission from eNB to V-UE via SCPTM
	Description
	Time (ms)
	Comments

	Average delay due to SC-PTM scheduling period
	20 

	20ms SC-PTM scheduling period for DRX

	eNB ( UE 
	4

	Receiving and processing at the UE

	Total
	24
	


	Q20. Companies are asked to provide their view on values provided in the table.

	Company
	View

	Nokia Networks
	The analysis of the latency is inconsistent. Table 6bis indicates an average delay. Table 6 indicates the maximum delay, i.e. 40 ms MSP. The analysis should be always done for the worse case for the consistency.

Although the specification of SC-PTM is not complete yet. The current agreement is that SC-PTM will use a DRX procedure similar to unicast. If DRX is not configured for MBMS service, then the L-DL_scptm should be equal to L-DL_uc. If DRX is configured, we can assume at this stage the shortest DRX cycle for SC-PTM to be 10 ms. This means DL data can be transmitted to UE every 10 ms, which should be the total L-DL_scptm delay.

	CATT
	Agree

	Huawei/HiSilicon
	Agree with Nokia. If DRX is not configured, the delay due to SC-PTM scheduling period is 0. If DRX is configured with 20ms SC-PTM scheduling period, then 10ms can assume to be mean value.
For the eNB->UE transmission delay, 4ms can be assumed in order to align with previous analysis.

	LG
	Suggest to take a max value, not mean value to consider worst case.    


(L-paging) 
Reception of paging message

This latency component addresses the time duration from the time paging message is arrived at eNB and to the time the UE successfully receives the paging message.
The latency of L-paging can be presented in the following table. 
Table 10 L-paging: Latency for reception of paging message
	Description
	Time (ms)
	Comments

	paging cycle
	320
	320ms default paging cycle is assumed

	eNB ( UE
	4
	Receiving and processing at the UE

	Total
	324
	


(L-SL_config) 
Reception of sidelink configuration via dedicated signaling 

This latency component addresses the time duration from the time UE sends SidelinkUEInformation for transmission resource request to the end time destination UE is configured with sidelink configuration via dedicated signaling.
The latency of L-SL_config can be presented in the following table. 
Table 11 L-SL_config: Latency for reception of sidelink configuration via dedicated signalling
	Description
	Time (ms)
	Comments

	L-UL
	21.3
	Transmission of SidelinkUEInformation
The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-DL_uc
	7.8
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.
The same value in Table 6 for L-DL_uc is taken. 

	Total
	29.1
	


(L-RSU) 
RSU processing
Table 12 L-RSU: RSU processing:
	Description
	Time (ms)
	Comments

	RSU processing
	3
	Processing time from upper layer point of view

	Total
	3
	


3 Phase2: Overall latency 
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) 
(L-RRC + L-SL_config) + L-SL
Case1) (L-RRC for Rel-10 + L-UL_config) + Max L-SL with mode2 

Table 13 L-RRC for Rel-10 + L-UL_config + Max L-SL with mode2
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.
	O
	21.3
	Transmission of SidelinkUEInformation

The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.
	O
	7.8
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.

The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	165.1
	

	Total with mandatory components
	86
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10 + L-UL_config) + Max L-SL with mode1
Table 14 L-RRC for Rel-10 + L-UL_config + Max L-SL with mode1
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.
	O
	21.3
	Transmission of SidelinkUEInformation

The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.
	O
	7.8
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.

The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	183.1
	

	Total with mandatory components
	104
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 2-1) 
(L-RRC) + L-UL + L-NW_uc + L-DL_uc
Case1)  (L-RRC for Rel-10) + Max L-UL + L-NW_uc + L-DL_uc

Table 15 (L-RRC for Rel-10) + Max L-UL + L-NW_uc + L-DL_uc
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms 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
	7.8
	Target BLER of 10% is assumed. 

3ms processing time is assumed. 

	Total with mandatory + optional components
	99.1
	

	Total with mandatory components
	49.1
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 2-2) 
(L-RRC) + L-UL + L-NW_bc + L-DL_bc
Case1)  (L-RRC for Rel-10) + Max L-UL + L-NW_bc + L-DL_bc

Table 16 (L-RRC for Rel-10) + Max L-UL + L-NW_uc + L-DL_uc
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms SR period is assumed with 10% target BLER 

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

	L-NW_bc
	BM-SC ( eNB
	M
	60
	Including backhaul delay, node processing delay with SYNC delay.  MSP is assumed to be 40ms 

	L-DL_bc
	MSP (Read MSI)
	M
	40
	MSP = 40ms

	L-DL_bc
	eNB ( UE 
	M
	4
	eNB transmission and UE processing

	Total with mandatory + optional components
	195.3
	

	Total with mandatory components
	145.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 2-3) 
(L-RRC) + L-UL + L-NW_scptm + L-DL_scptm
Table 17 (L-RRC for Rel-10) + Max L-UL + L-NW_scptm + L-DL_scptm
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms SR period is assumed with 10% target BLER 

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

	L-NW_scptm
	BM-SC ( eNB
	M
	40
	Including backhaul delay, node processing delay with SYNC delay (i.e. SC-PTM scheduling period, with SC-PTM scheduling period of 20ms)

	L-DL_scptm
	Average delay due to SC-PTM scheduling period
	M
	20 
	20ms SC-PTM scheduling period for DRX

	L-DL_scptm
	eNB ( UE 
	M
	4
	Receiving and processing at the UE

	Total with mandatory + optional components
	155.3
	

	Total with mandatory components
	105.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 3a-1)
(L-RRC + L-SL_config) + L-SL + L-RSU + (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc
Case1) (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode2 + L-RSU + (L-RRC) + Max L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc

Table 18 (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode2 + L-RSU + (L-RRC) + Max L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

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

	L-paging
	paging cycle
	O
	320
	320ms default paging cycle is assumed

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-DL_uc
	eNB ( UE
	M
	4
	Receiving and processing at the UE

	Total with mandatory + optional components
	633.4
	

	Total with mandatory components
	134.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode1 + L-RSU + (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc

Table 19 (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode1 + L-RSU + (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC) + L-DL_uc
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

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

	L-paging
	paging cycle
	O
	320
	320ms default paging cycle is assumed

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-DL_uc
	eNB ( UE
	M
	4
	Receiving and processing at the UE

	Total with mandatory + optional components
	651.4
	

	Total with mandatory components
	152.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 3a-2) (L-RRC + L-SL_config) + L-SL + L-RSU + (L-RRC) + L-UL + L-NW_bc + L-DL_bc
Case1) (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode2 + L-RSU + (L-RRC) + Max L-UL + L-NW_bc + + L-DL_bc
Table 20 (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode2 + L-RSU + (L-RRC) + Max L-UL + L-NW_bc + + L-DL_bc
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

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

	L-NW_bc
	BM-SC ( eNB
	M
	60
	 Including backhaul delay, node processing delay with SYNC delay.  MSP is assumed to be 40ms 

	L-DL_bc
	MSP (Read MSI)
	M
	40
	MSP = 40ms

	L-DL_bc
	eNB ( UE 
	M
	4
	eNB transmission and UE processing

	Total with mandatory + optional components
	363.4
	

	Total with mandatory components
	234.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode1 + L-RSU + (L-RRC) + Max L-UL + L-NW_bc + + L-DL_bc
Table 21 (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode1 + L-RSU + (L-RRC) + Max L-UL + L-NW_bc + + L-DL_bc
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

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

	L-NW_bc
	BM-SC ( eNB
	M
	60
	 Including backhaul delay, node processing delay with SYNC delay.  MSP is assumed to be 40ms 

	L-DL_bc
	MSP (Read MSI)
	M
	40
	MSP = 40ms

	L-DL_bc
	eNB ( UE 
	M
	4
	eNB transmission and UE processing

	Total with mandatory + optional components
	381.4
	

	Total with mandatory components
	252.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 3a-3) (L-RRC + L-SL_config) + L-SL + L-RSU + (L-RRC) + L-UL + L-NW_scptm + L-DL_scptm
Case1) (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode2 + L-RSU + (L-RRC) + Max L-UL + L-NW_scptm + + L-DL_scptm

Table 22 (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode2 + L-RSU + (L-RRC) + Max L-UL + L-NW_ scptm + + L-DL_ scptm
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

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

	L-NW_ scptm
	BM-SC ( eNB
	M
	40
	Including backhaul delay, node processing delay with SYNC delay (i.e. SC-PTM scheduling period, with SC-PTM scheduling period of 20ms)

	L-DL_ scptm
	Average delay due to SC-PTM scheduling period
	M
	20 
	20ms SC-PTM scheduling period for DRX

	L-DL_ scptm
	eNB ( UE 
	M
	4
	Receiving and processing at the UE

	Total with mandatory + optional components
	323.4
	

	Total with mandatory components
	194.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode1 + L-RSU + (L-RRC) + Max L-UL + L-NW_scptm + + L-DL_scptm

Table 23 (L-RRC for Rel-10 + L-SL_config) + Max L-SL with mode1 + L-RSU + (L-RRC) + Max L-UL + L-NW_scptm + + L-DL_scptm
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	For dynamic scheduling: 

10ms SR period is assumed, given that the 1ms SR for all vehicles seems not likely.Mean value calculated by using SR period/2 while max value calculated by using SR period, with target BLER set to be 10%. 
For SPS:

10ms SPS UL interval is assumed with 3ms eNB processing

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

	L-NW_ scptm
	BM-SC ( eNB
	M
	40
	Including backhaul delay, node processing delay with SYNC delay (i.e. SC-PTM scheduling period, with SC-PTM scheduling period of 20ms)

	L-DL_ scptm
	Average delay due to SC-PTM scheduling period
	M
	20 
	20ms SC-PTM scheduling period for DRX

	L-DL_ scptm
	eNB ( UE 
	M
	4
	Receiving and processing at the UE

	Total with mandatory + optional components
	341.4
	

	Total with mandatory components
	212.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 3b-1) (L-RRC) + L-UL + L-NW_uc + (L-paging + L-RRC + L-SL_config) + L-DL_uc +  L-RSU + L-SL
Case1) (L-RRC for Rel-10) + Max L-UL + L-NW_uc + (L-paging + L-RRC + L-SL_config) + L-DL_uc +  L-RSU + L-SL with mode2

Table 24 L-RRC for Rel-10) + Max L-UL + L-NW_uc + (L-paging + L-RRC + L-SL_config) + L-DL_uc + L-RSU + L-SL with mode2
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms 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-paging
	paging cycle
	O
	320
	320ms default paging cycle is assumed

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-DL_uc
	eNB ( destination UE
	M
	7.8
	Target BLER of 10% is assumed. 

3ms processing time is assumed. 

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	587.2
	

	Total with mandatory components
	138.1
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10) + Max L-UL + L-NW_uc + (L-paging + L-RRC + L-SL_config) + L-DL_uc +  L-RSU + L-SL with mode1 
Table 25 (L-RRC for Rel-10) + Max L-UL + L-NW_uc + (L-paging + L-RRC + L-SL_config) + L-DL_uc + L-RSU + L-SL with mode1
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms 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-paging
	paging cycle
	O
	320
	320ms default paging cycle is assumed

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-DL_uc
	eNB ( destination UE
	M
	7.8
	Target BLER of 10% is assumed. 

3ms processing time is assumed. 

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	605.2
	

	Total with mandatory components
	156.1


	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 3b-2) (L-RRC) + L-UL + L-NW_bc + L-DL_bc + L-RSU + (L-RRC + L-SL_config) + L-SL
Case1) (L-RRC for Rel-10) + Max L-UL + L-NW_bc + L-DL_bc + L-RSU + (L-RRC + L-SL_config) + L-SL with mode2
Table 26 (L-RRC for Rel-10) + Max L-UL + L-NW_bc + L-DL_bc + L-RSU + (L-RRC + L-SL_config) + L-SL with mode2
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms SR period is assumed with 10% target BLER 

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

	L-NW_bc
	BM-SC ( eNB
	M
	60
	Including backhaul delay, node processing delay with SYNC delay.  MSP is assumed to be 40ms 

	L-DL_bc
	MSP (Read MSI)
	M
	40
	MSP = 40ms

	L-DL_bc
	eNB ( UE 
	M
	4
	eNB transmission and UE processing

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	363.4
	

	Total with mandatory components
	234.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10) + Max L-UL + L-NW_bc + L-DL_bc + L-RSU + (L-RRC + L-SL_config) + L-SL with mode1
Table 27 (L-RRC for Rel-10) + Max L-UL + L-NW_bc + L-DL_bc + L-RSU + (L-RRC + L-SL_config) + L-SL with mode1
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms SR period is assumed with 10% target BLER 

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

	L-NW_bc
	BM-SC ( eNB
	M
	60
	Including backhaul delay, node processing delay with SYNC delay.  MSP is assumed to be 40ms 

	L-DL_bc
	MSP (Read MSI)
	M
	40
	MSP = 40ms

	L-DL_bc
	eNB ( UE 
	M
	4
	eNB transmission and UE processing

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	381.4
	

	Total with mandatory components
	252.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Scenario 3b-3) (L-RRC) + L-UL + L-NW_scptm + L-DL_scptm + L-RSU + (L-RRC + L-SL_config) + L-SL
Case1) (L-RRC for Rel-10) + Max L-UL + L-NW_scptm + L-DL_ scptm + L-RSU + (L-RRC + L-SL_config) + L-SL with mode2
Table 28 (L-RRC for Rel-10) + Max L-UL + L-NW_ scptm + L-DL_ scptm + L-RSU + (L-RRC + L-SL_config) + L-SL with mode2
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms SR period is assumed with 10% target BLER 

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

	L-NW_ scptm
	BM-SC ( eNB
	M
	40
	Including backhaul delay, node processing delay with SYNC delay (i.e. SC-PTM scheduling period, with SC-PTM scheduling period of 20ms)

	L-DL_ scptm
	Average delay due to SC-PTM scheduling period
	M
	20 
	20ms SC-PTM scheduling period for DRX

	L-DL_ scptm
	eNB ( UE 
	M
	4
	Receiving and processing at the UE

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	323.4
	

	Total with mandatory components
	194.3
	

	Note 1: M is mandatory latency component, O is optional latency component



Case2) (L-RRC for Rel-10) + Max L-UL + L-NW_ scptm + L-DL_ scptm + L-RSU + (L-RRC + L-SL_config) + L-SL with mode1
Table 29 (L-RRC for Rel-10) + Max L-UL + L-NW_ scptm + L-DL_ scptm + L-RSU + (L-RRC + L-SL_config) + L-SL with mode1
	Latency component
	Description
	M/O 1)
	Time (ms)
	Comments

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-UL
	Uplink transmission
	M
	21.3
	10ms SR period is assumed with 10% target BLER 

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

	L-NW_ scptm
	BM-SC ( eNB
	M
	40
	Including backhaul delay, node processing delay with SYNC delay (i.e. SC-PTM scheduling period, with SC-PTM scheduling period of 20ms)

	L-DL_ scptm
	Average delay due to SC-PTM scheduling period
	M
	20 
	20ms SC-PTM scheduling period for DRX

	L-DL_ scptm
	eNB ( UE 
	M
	4
	Receiving and processing at the UE

	L-RSU
	RSU processing
	M
	3
	Processing time from upper layer point of view

	L-RRC
	RRC_IDLE to RRC_CONNECTED + bearer setup
	O
	50
	Rel-10 value is referenced from Table 16.2.1-1 of 36.912.

	L-SL_config
	Transmission of SidelinkUEInformation


	O
	21.3
	The same value as the max with scheduling in Table 4 for L-UL is taken.

	L-SL_config
	Reception of RRCConnectionReconfiguration including dedicated sidelink configuration.


	O
	7.8
	The same value in Table 6 for L-DL_uc is taken. 

	L-SL
	SL scheduling
	M
	18
	Reference from step1-5 of Table 1 in TR 36.881. 

10ms is assumed for SR period, and the calculation is based on worst cast assumption, i.e. a full SR period is considered as SR transmission latency.  

	L-SL
	SCI transmission 
	M
	51
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms

	L-SL
	Data transmission 
	M
	32
	SCI time duration is assumed to be 8ms
Data pool time duration is assumed to be 32ms 
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. 

	L-SL
	Destination UE processing
	M
	3
	3ms processing time is assumed.

	Total with mandatory + optional components
	341.4
	

	Total with mandatory components
	212.3
	

	Note 1: M is mandatory latency component, O is optional latency component



4 Conclusion

Proposal: RAN2 review and discuss the latency analysis results provided above and capture them in the TR 36.885.
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�It should be eNB and neighbour eNBs as captured in running TR that DL transmission is performed by this eNB as well as neighbour eNBs.


�50ms (1ms PRACH cycle)


�50ms (1ms PRACH cycle)


�Duration


�duration


�As captured in 36.321 SL-SCH reception receiver UE can optionally start decoding data after receiving first transmission itself so it doesn’t need to wait for 4 ms to receive all transmissions.





-	combine the received data with the data currently in the soft buffer for this TB and optionally attempt to decode the combined data according to the CURRENT_IRV.








�1?


�1?


�Why do we assume all messages are going to ITS server?


It is possible that eNB shares it with its neighbours.





Both option exists and both should be investigated.





�40 (mean value) 


�Unicast DL has HARQ, MBMS has SFN advantage. SCPTM doesn’t have HARQ and SFN advantage, so wondering if it can be considered reliable enough for V2V? RAN1 simulation is desirable.


�4.8


�20ms for mean value


�4ms


�0 (no DRX) or 10 (DRX with 20ms scheduling period) 


�4ms in consistent with previous DL analysis.
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