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1 Introduction
The Working Item for LTE to support V2X services was revised and agreed in RAN#73 [1]. Objectives 1) shown below include support of enhancements of Uu transport broadcast solutions for V2X services. Uu-based solutions for V2X were in scope of TR 36.855 in Study Item phase, as were PC5-based solutions. 
1)  To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:

a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]

i) Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2]

b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3]
Scenario 1 with V2V and V2P operations on PC5 transport and Scenario 2 with V2V and V2P operations on Uu transport are illustrated in Figure 1 (a) and (b) respectively. In scenario1, SideLink (SL) interface is used for V2V or V2P. In Scenario 2, Vehicle UEs (V-UEs) and/or pedestrian UEs (P-UEs) transmit automotive Basic Safety Messages (BSM) to the eNB via unicast transport on the UL. The eNB further broadcasts the received automotive messages to all V-UEs within the cell coverage on the DL. 
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Figure 1 (a).V2X with PC5 transport; (b) V2X via Uu transport.

This contribution aims to briefly summarize suitability of both solutions for V2X including further findings in V2P scenarios.
2 V2X Capacity Analysis
2.1 Uu-based Vs PC5-based V2V SLS performance

In Rel-14 LTE_V2X Study Item phase, the capacity of PC5-based V2V and Uu-based V2V were analysed based on contributing companies system-level simulation results. The results of the evaluation can be found in TR 36.885 Tables 9.1-1 and 9.1-2 respectively, which have been added to Appendix of this contribution for information. As there was some divergence between the simulation results from the contributing companies, an average and standard deviation of the results are provided in Table 1 below. Comparison of the averaged values and standard deviation of values shows Uu-based V2V capacity achieved is higher than that from PC5-based V2V.
	Description
	Scenario#1
(n=15)
	Scenario#2
(n=15)
	Scenario#3
(n=7)
	Scenario#4
(n=2)
	Scenario#5
(n=2)

	PC5-based V2Vaverage (std) Source 1 to 12
	0.8691 (0.0872)
	0.6983 (0.1729)
	0.5729 (0.0932)
	0.7746 (0.1055)
	0.9535 (0.0360)

	Uu-based V2Vaverage (std) Source 1 to 33
	-
	0.9778 (0.0189)
	0.8446 (0.1033)
	0.5844 (0.1882)
	-


Table 1: Average PRR for PC5-based V2V and Uu-based V2V (a=n*20 m, b=(n+1)*20 m)
Observation 1: Comparison of the averaged values and standard deviation of values shows Uu-based V2V capacity achieved is higher than that from PC5-based V2V.

2.2 Uu-based Vs PC5-based V2P SLS performance

In Rel-14 LTE_V2X Study Item phase, the capacity of PC5-based V2P was also analysed based on contributing companies system-level simulation results. The results of the evaluation can be found in TR 36.885 Table 9.1.5-1 (V-UE RX of P-UE TX with V-UE TX ) and Table 9.1.5-2 (V-UE RX of P-UE TX with V-UE TX) respectively. As was done in Section 2.1, an average and standard deviation of the results are provided in Table 2 below. As there are no simulation results for Uu-based V2P included in TR 36.855, comparison is made with MediaTek simulation results only as contributed in [3].  There is no significant PRR performance gap observed between Uu-based V2P and PC5-based V2P. Note that the MediaTek PRR results for scenario 3 and 4 are provided with values of n=7 and 2 respectively.
	Description
	Scenario#3
(n=3)
	Scenario#4
(n=1)

	PC5-based V2P average (std) Source 1 to 17
	0.8781 (0.0611)
	0.8934 (0.0812)

	Uu-based V2P average MediaTek [3]
	0.8800
	0.9100


Table 2: Average PRR for PC5-based V2V and Uu-based V2V (a=n*20 m, b=(n+1)*20 m)
Observation 2: No significant PRR performance gap observed between Uu-based V2P and PC5-based V2P. 
Proposal 1: Uu-based V2P capacity also need further enhancement in V2X WI
3 V2X Latency Analysis 
The V2X latency analysis for scenarios 1 and 2 was carried out in In Rel-14 LTE_V2X Study Item phase. Parameters sets were used for the evaluation with parameters as follows 

UL scheduling scheme: Dynamic with and w/o BSR

· SR Period [ms]: 1, 10

· SPS period [ms]: N/A, 10, 40

· MCH scheduling period [ms]: 40, 80

· SCPTM scheduling period [ms]: 1, 10

· SL scheduling scheme (PC5): mode 1 and mode 2.

Table 3 and 4 summarize the main findings of TR 36.885 section 9.2.1 for Uu-based V2V and PC5-based V2V latency respectively. 

· Assuming devices in RRC connected, Uu-based V2V and PC5-based V2V can meet 100 ms e2e latency. This is shown in the “Only mandatory” column in the Table. The e2e latency for Uu-based V2V and PC5-based V2V is comparable.

· Assuming RRC idle, “Mandatory + optional” only Uu-based V2V can meet 100 ms e2e latency requirements though it cannot be guaranteed for most parameter sets.  

	Scenario#1: SL Set 1a
	Mandatory+optional 
	Only mandatory 

	　
	Mean
	Max
	Mean
	Max

	set 1a
	130.1
	164.1
	52.5
	86

	set 1b
	130.1
	164.1
	52.5
	86

	set 1c
	138.6
	173.1
	61
	95

	set 1d
	130.1
	164.1
	52.5
	86

	set 2a
	134.6
	173.1
	52.5
	86

	set 2b
	134.6
	173.1
	52.5
	86

	set 2c
	147.6
	191.1
	65.5
	104

	set 2d
	134.6
	173.1
	52.5
	86

	set 3a
	134.6
	173.1
	52.5
	86

	set 3b
	147.6
	191.1
	65.5
	104

	set 3c
	134.6
	173.1
	52.5
	86

	set 4a
	134.6
	173.1
	52.5
	86

	set 4b
	147.6
	191.1
	65.5
	104

	set 4c
	134.6
	173.1
	52.5
	86

	set 5a
	134.6
	173.1
	52.5
	86

	set 5b
	147.6
	191.1
	65.5
	104

	set 5c
	134.6
	173.1
	52.5
	86

	Range of latency over all sets [mean, max]
	[130.1 - 147.6],
 [164.1 - 191.1]
	[52.5 - 65.5], 
[86 - 104]


	Scenario#2-3: UL→DL_scptm
	Mandatory+optional 
	Only mandatory 

	　
	Mean
	Max
	Mean
	Max

	set 1a
	102.8
	108.3
	52.8
	58.3

	set 1b
	94.8
	100.3
	44.8
	50.3

	set 1c
	102.8
	108.3
	52.8
	58.3

	set 1d
	98.3
	99.3
	48.3
	49.3

	set 2a
	107.3
	117.3
	57.3
	67.3

	set 2b
	99.3
	109.3
	49.3
	59.3

	set 2c
	107.3
	117.3
	57.3
	67.3

	set 2d
	102.8
	108.3
	52.8
	58.3

	set 3a
	91
	101
	41
	51

	set 3b
	91
	101
	41
	51

	set 3c
	86.5
	92
	36.5
	42

	set 4a
	106
	131
	56
	81

	set 4b
	106
	131
	56
	81

	set 4c
	101.5
	122
	51.5
	72

	set 5a
	126
	171
	76
	121

	set 5b
	126
	171
	76
	121

	set 5c
	121.5
	162
	71.5
	112

	Range of latency over all sets [mean], [max]
	[86.5 – 126], 
[92 - 171]
	[36.5 – 76], 
[50.3 -  121]


Observation 3: Assuming devices in RRC connected, both Uu-based V2V and PC5-based V2V can meet 100 ms e2e latency.

Observation 4: e2e latency for Uu-based V2V and PC5-based V2V is comparable.

4 Other Aspects of V2X Solutions 

4.1 In-coverage and out-of coverage operations 

Uu-based V2V requires eNB coverage as BSM message from V-UEs and P-UEs are relayed by eNB to all V-UEs within the cell coverage. PC5-based V2V or V2P can work without need to be in-coverage of eNB assuming mode 2 (UE autonomous resource selection). However, PC5 requires RRC (pre)-configuration for SideLink (SL)  interface resource before out-of coverage UE can transmit BSM on SL using mode 2. RRC configuration requires RRC signaling exchanges with an eNB. This means UEs must be at least in partial coverage part of the time to (re-)acquire RRC configuration for SL interface. 

Note

It is not thought practical for UEs to be configured SL parameters via a default configuration stored at the factory as part of the software built that may be used on any network operators, any band configurations, any time, any countries, and so on. RRC configuration parameters in TS 36.331 show that SL configuration parameters can typically vary in range of values, or bit maps, and so on. 
Observation 5: PC5-based V2V can operate out-of coverage in mode 2 but requires in-coverage partly to (re-)acquire RRC configuration for SL interface
4.2 Power Consumptions

TR 36.885 provided an analysis of power consumption for Uu-based V2P and PC5-based V2P. It is likely that in some scenarios transmissions on the SideLink of BSMs may be done at a lower transmission power assuming P-UEs closer to V-UEs than to eNB. This may depend on the cell size and road configuration. In case where ISD is 500m and transmission range is 300m, there is no apparent difference in transmission power using Uu or PC5 transport. On the other hand, P-UEs could be expected to only transmit BSMs on a need basis when there is potential danger to pedestrians by the road size or pedestrians crossing the road. This is likely to require occasional need for P-UE transmission of BSM. Power consumption in P-UEs is not seen to be a significant aspect for selecting Uu-based V2P or PC5-based V2P.     

Observation 6: Power consumption in P-UEs is not seen to be a significant aspect for selecting Uu-based V2P or PC5-based V2P.     

Proposal 2: Uu transport enhancements for V2X should be developed in V2X WI
5 Conclusion
This contribution aimed to briefly summarize suitability of both solutions for V2X including further findings in V2P scenarios.
Observation 1: Comparison of the averaged values and standard deviation of values shows Uu-based V2V capacity achieved is higher than that from PC5-based V2V.

Observation 2: No significant PRR performance gap observed between Uu-based V2P and PC5-based V2P. 
Proposal 1: Uu-based V2P capacity also need further enhancement in V2X WI
Observation 3: Assuming devices in RRC connected, Uu-based V2V and PC5-based V2V can meet 100 ms e2e latency.

Observation 4: e2e latency for Uu-based V2V and PC5-based V2V is comparable.

Observation 5: PC5-based V2V can operate out-of coverage in mode 2 but requires in-coverage partly to (re-)acquire RRC configuration for SL interface
Observation 6: Power consumption in P-UEs is not seen to be a significant aspect for selecting Uu-based V2P or PC5-based V2P.     

Proposal 2: Uu transport enhancements for V2X should be developed in V2X WI
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7 Appendix

TR 36.885 
Table 9.1-1: Average PRR for PC5-based V2V (a=n*20 m, b=(n+1)*20 m)
	Description
	Scenario#1
(n=15)
	Scenario#2
(n=15)
	Scenario#3
(n=7)
	Scenario#4
(n=2)
	Scenario#5
(n=2)

	Source 1
	0.9190
	0.7810
	0.5995
	0.7196
	0.9441

	Source 2
	0.7524
	0.6663
	0.4886
	0.5709
	–

	Source 3
	0.9733
	0.9671
	0.5423
	–
	–

	Source 4
	0.8544
	0.7730
	0.5584
	0.8163
	–

	Source 5
	0.7811
	0.7004
	0.4789
	0.8012
	–

	Source 6
	0.9385
	0.6348
	0.6024
	0.7966
	0.9846

	Source 7
	0.8903
	0.5634
	0.5736
	0.7826
	0.9785

	Source 8
	0.8364
	0.5921
	0.4856
	0.7668
	–

	Source 9
	0.8917
	0.6560
	0.6737
	0.8369
	–

	Source 10
	0.9798
	0.8927
	0.7042
	0.9273
	–

	Source 11
	0.9099
	0.8416
	0.7284
	0.8842
	–

	Source 12
	0.7020
	0.3115
	0.4397
	0.6182
	0.9066


Table 9.1-2: Average PRR for Uu-based V2V (a=n*20 m, b=(n+1)*20 m)
	Description
	Scenario#2
(n=15)
	Scenario#3
(n=7)
	Scenario#4
(n=2)

	Source 1
	0.9811
	–
	–

	Source 2
	–
	0.9661
	–

	Source 3
	–
	0.8958
	–

	Source 4
	–
	0.9261
	–

	Source 5
	–
	0.9037
	–

	Source 6
	–
	0.8913
	–

	Source 7
	–
	0.9014
	–

	Source 8
	–
	0.8885
	–

	Source 9
	–
	0.8235
	–

	Source 10
	–
	0.6793
	–

	Source 11
	0.9540
	–
	–

	Source 12
	0.9760
	–
	–

	Source 13
	1.0000
	–
	–

	Source 14
	–
	0.9200
	–

	Source 15
	–
	0.9470
	–

	Source 16
	–
	0.7110
	–

	Source 17
	–
	0.9730
	–

	Source 18
	–
	0.7380
	–

	Source 19
	–
	–
	0.9040

	Source 20
	–
	–
	0.3650

	Source 21
	–
	–
	0.5260

	Source 22
	–
	–
	0.6560

	Source 23
	–
	–
	0.7980

	Source 24
	–
	0.7007
	–

	Source 25
	–
	0.6860
	–

	Source 26
	–
	0.8382
	–

	Source 27
	–
	0.7262
	–

	Source 28
	–
	0.9320
	–

	Source 29
	–
	–
	0.6778

	Source 30
	–
	–
	0.5279

	Source 31
	–
	–
	0.3162

	Source 32
	–
	–
	0.6506

	Source 33
	–
	–
	0.4228


