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1 Introduction
Scenario 2 and Scenario 3 have been captured into TR 36.885 for Uu-based V2V transport, as illustrated in Fig.1 and Fig.3. During email discussion [92#37] [1], the latency for scenario 2 and scenario 3 has been summarized. In this contribution, we will further discuss the analysis results.
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Figure 1: Scenario 2
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Figure 2: Scenario 3A
2 Discussion
2.1 Latency for Scenario 2
The latency analysis results for scenario 2 and associated configuration are captured as in Table-1 and Table-2.

Table 1: Parameter set for Scenario 2
	Configuration
	Values/policy

	UL scheduling scheme
	Dynamic without BSR

	SR period
	1

	MCH scheduling period
	40

	SCPTM scheduling period
	1


Table 2: latency results for Scenario 2
	Scenario#
	Mandatory+optional 
	Only mandatory 

	　
	Mean
	Max
	Mean
	Max

	S2-1: UL→DL_uc
	303.6
	464.1
	39.6
	40.1

	S2-2: UL→DL_mbms
	109.8
	130.3
	59.8
	80.3

	S2-3: UL→DL_scptm
	90.3
	91.3
	40.3
	41.3


Based on these results, it can be observed that without considering the RRC connection establishment procedure for the transmitting UE and the receiving UE, existing DL transmission mechanisms including unicast, MBSFN and SC-PTM can meet the 100 ms end-to-end latency requirement from SA1. Even considering the RRC connection establishment procedure for the transmitting UE, SC-PTM can meet 100ms latency requirement as well. 
Considering the traffic model captured in TR 36.885, vehicle UEs need to transmit V2V messages frequently (10 or 2 message per second). Therefore it is natural to assume that the vehicle UE is always in RRC_CONNECTED when performing V2V TX/RX.
Proposal 1: Assume that vehicle UEs are always in RRC_CONNECTED while performing V2V TX/RX.

With this assumption, RAN2 does not need to enhance Scenario 2 in terms of latency.

Proposal 2: Scenario 2 does not need to be enhanced in terms of latency.

2.2 Latency for Scenario 3
The latency analysis results for scenario 3 and associated configuration are captured in Table-3 and Table-4.

Table 3: Parameter set for Scenario 3
	Configuration 
	Values/policy

	UL scheduling scheme
	Dynamic without BSR

	SR period
	1

	SPS period
	N/A

	MCH scheduling period
	40

	SCPTM scheduling period
	1

	SL scheduling scheme
	mode2


Table 4: latency results for Scenario 3
	Scenario#
	Mandatory+optional 
	Only mandatory 

	　
	Mean
	Max
	Mean
	Max

	S1: SL
	130.1
	164.1
	52.5
	86

	S2-1: UL→DL_uc
	303.6
	464.1
	39.6
	40.1

	S2-2: UL→DL_mbms
	109.8
	130.3
	59.8
	80.3

	S2-3: UL→DL_scptm
	90.3
	91.3
	40.3
	41.3

	S3A-1: SL→UL→DL_uc
	436.7
	631.2
	95.1
	129.1

	S3A-2: SL→UL→DL_mbms
	242.9
	297.4
	115.3
	169.3

	S3A-3: SL→UL→DL_scptm
	223.4
	258.4
	95.8
	130.3

	S3B-1: UL→DL_uc→SL
	386.7
	581.2
	95.1
	129.1

	S3B-2: UL→DL_mbms→SL
	242.9
	297.4
	115.3
	169.3

	S3B-3: UL→DL_scptm→SL
	223.4
	258.4
	95.8
	130.3


Based on these analysis results, it can be observed that 100ms latency requirement for Scenario 3 cannot be satisfied based on the maximum latency of existing Uu mechanisms and Rel-12 D2D communication which is the baseline for the latency analysis. 

In order to reduce the latency for Scenario 3, we should first understand the motivations for Scenario 3A/3B. One motivation for Scenario 3A/3B is to extend the coverage of E-UTRAN. As observed above, sidelink latency can be up to 86 ms which consumes a large part of the total end-to-end latency budget.  One possible option is to use a Rel-10 relay which can act as an eNB to extend the coverage, as illustrated in Fig.3, because the latency for uplink transmission from the vehicle UE to the Rel-10 RN (e.g., 10-20 ms) is much lower than the sidelink latency from the vehicle UE to the RSU UE.
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Fig.3 Rel-10 Relay for coverage extension
Another option is to reduce the sidelink latency. There could be two possible ways for sidelink latency reduction.

· To reduce SC period. In Rel-12/13, the minimum SC period is 40 ms. In Rel-14 the SC period may possibly be reduced, e.g., to 20ms. 

· To configure multiple resource pools for V2V transmission. In the latency analysis, it is assumed that only one TX pool is applied for V2V transmission based on Rel-12 D2D communication. The vehicle UE may need to wait for up to 40ms (i.e. a SC period) to transmit a V2V message in the next SC period. In Rel-13, multiple resource pools can be configured for the UE for D2D transmission. In this way, the UE may not need to wait for a SC period, but may only need to wait for (SC_period/N) on average to transmit a V2V message, where N is the number for resource pools. 
The third option is to reduce the Uu latency, the solutions studied in the latency reduction SI, e.g., short TTI, CB-PUSCH and etc., can be considered.
The fourth option for end-to-end latency reduction is to reduce the backhaul latency. Some core network entities can be localized. How to localize the network entities is up to SA2/RAN3 discussions.

Proposal 3: The following options can be considered to reduce the latency for Scenario 3: 
1) RSU UE is replaced by the Rel-10 Relay; 

2) Sidelink latency reduction, e.g., to reduce SC period, or to configure multiple resource pools for V2V transmission;
3) Uu latency reduction. The solutions studied in Latency Reduction SI, e.g., short TTI, CB-PUSCH and etc., can be considered;
4) Localization of core network entities.

3 Conclusion
Proposal 1: Assume that vehicle UEs are always in RRC_CONNECTED while performing V2V TX/RX.

Proposal 2: Scenario 2 does not need to be enhanced in terms of latency.

Proposal 3: The following options can be considered to reduce the latency for Scenario 3: 

1) RSU UE is replaced by the Rel-10 Relay; 

2) Sidelink latency reduction, e.g., to reduce SC period, or to configure multiple resource pools for V2V transmission;
3) Uu latency reduction. The solutions studied in Latency Reduction SI, e.g., short TTI, CB-PUSCH and etc., can be considered;
4) Localization of core network entities.

4 Reference
[1]  R2-161116, Email discussion - [92#37][LTE/V2X] Latency analysis TP, LG.
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