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1 Introduction

In RAN2# 92, the V2X capacity analysis for scenario2 has been  online discussed in [1], and an email discussion will be kicked-off before next RAN2 meeting aiming for: Capacity analysis unicast, SC-PTM, and MBMSFN for Scenario 2 and 3. 
	· [LTE/V2X] – Capacity Analysis - LG

-
Capacity analysis unicast, SC-PTM, and MBMSFN for Scenario 2 and 3. 

-
Agree on a set of assumption (RAN1 assumptions are taken as a baseline and discuss the need to change any of the assumption)

-
Perform the analysis and simulations for each of the agreed scenarios

-
Draw conclusions/observations based on the results 

-
Deadline: February 6th, 2016


In this contribution, we will analyze the capacity for scenarion2 under DL 10MHz bandwidth. Then we will take a look at the scenario 3 and evaluate the capacity.
2 Further capacity analysis of Scenario 2 
In [1][2], the capacity analysis  for scenario 2 are provided in detail. Based on the Rapporteur’s final suggestion during email discussion in Phase 1-“To use 10 Mhz as mandatory and 20 Mhz as optional for RAN2 evaluation in order to align our evaluation with RAN1’s evaluation and see a benefit of increased bandwidth”, this clause will analyze the capacity for DL 10MHz scenario. The evaluation parameters will be same as [1] [3] in this contribution unless otherwise stated.
2.1 Scenario 2 capacity evaluation for DL 10MHz

2.1.1 Freeway scenario
Table 2.1.1-1 Unicast evaluation
	Speed (km/h)
	140
	70
	70

	ISD (m)
	1732
	1732
	~ 847

	Density requirement Ncars
	54
	107
	52

	Nneighbors
	39
	78
	78

	Assumed spectral efficiency S (b/s/Hz) 
	3.5
	3.5
	3.5

	Supported rate Rsupported = S * B 
	35 Mbps
	35 Mbps
	35 Mbps

	Supported density Nsupported
	53 (NOK)
	26 (NOK)
	26 (NOK)


For high speed case (i.e.140km/h), the unicast solution can provide vehicle density is an approximate of requirement (53 vs.  54), but for medium speed (i.e.70km/h), the capacity requirement can’t be met.
Table 2.1.1-2 PTM evaluation
	Scenario
	Freeway (Ncells = 3, PRR = 80 %)

	Speed (km/h)
	140
	70

	Density requirement Ncars
	54
	107

	Rate requirement Rrequired = Ncars * Ncells * 17 kbps
	2.75 Mbps
	5.5 Mbps

	Estimated spectral efficiency SC-PTM (b/s/Hz) 
	0.51* 
	0.51*

	Supported rate Rsupported = S * B  for SC-PTM (Mbps)
	5.1 
	5.1 

	Supported density for SC-PTM Nsupported
	100 (OK)
	100 (NOK)

	Estimated spectral efficiency with 7 MBSFN cells (b/s/Hz) 
	0.88* 
	0.88*

	Supported rate Rsupported = S * B  for 7 cell MBSFN (Mbps) for 60 % / 100 % subframe allocation
	5.28 / 8.8
	5.28 / 8.8

	Supported density for MBSFN Nsupported(Ncells =5)
	62 / 103 (OK)
	62 (NOK)/103 (NOK)


For high speed case (i.e.140km/h), the PTM solution can provide vehicle density fulfilling the requirement, but for medium speed (i.e.70km/h), the requirement can’t be met. The reason behind that is: the vehicle density requirement for medium speed case is higher than for high speed case, since the distance between vehicles is smaller for medium speed than for high speed scenario.
2.1.2 Urban scenario
Table 2.1.2-1 Unicast evaluation
	Speed (km/h)
	60
	15
	15

	Transmit periodicity
	10 Hz
	10 Hz
	2 Hz

	Density requirement Ncars
	44
	175
	175

	Nneighbors in effective range
	41
	171
	171

	Assumed spectral efficiency S (b/s/Hz) 
	2.6
	2.6
	2.6

	Supported rate Rsupported = S * B 
	26 Mbps
	26 Mbps
	26 Mbps

	Supported density Nsupported
	37 (NOK)
	8 (NOK)
	45 (NOK)


For unicast solution in urban scenario, the requirement of capacity can’t be met for all three cases.
Table 2.1.2-2 PTM evaluation
	Scenario
	Urban (Ncells = 7)

	Speed (km/h)
	60
	15
	15

	Transmit periodicity
	10 Hz
	10 Hz
	2 Hz

	Density requirement Ncars
	44
	175
	175

	Rate requirement Rrequired = Ncars * Ncells * Rcar (Mbps)
	5.23 
	20.1 
	4.17 

	Actual spectral efficiency SC-PTM (b/s/Hz)
	0.51 
	0.51 
	0.51

	Supported rate Rsupported = S * B for SC-PTM (Mbps)
	5.1
	5.1
	5.1

	Supported density for SC-PTM 
	43 (NOK)
	43 (NOK)
	214 (OK)

	Estimated spectral efficiency MBSFN (b/s/Hz) 
	0.29 
	0.29 
	0.29 

	Supported rate Rsupported = S * B for MBSFN (Mbps)

(assuming 60 % / 100 % resource allocation)
	1.74 / 2.9
	1.74 / 2.9
	1.74 / 2.9

	Supported density for MBSFN 
(assuming 60 % / 100 % resource allocation)
	15 / 24
(NOK/NOK)
	15 / 24
(NOK/NOK)
	65 / 108
(NOK /NOK)


For PTM solution in urban scenario, the requirement of capacity can’t be met except SC-PTM solution in low message transmitting frequency (i.e.2Hz) case. The only one case (2Hz, 15Km/h, SC-PTM) which can met the capacity requirement could be explained from twofold: 1) the higher spectral efficiency for SC-PTM than for MBSFN (0.51 vs. 0.29), the more capacity can be provided; 2) the lower vehicle density (2Hz vs. 10Hz) , the less data packet need to be transmitted.
Observation 1: For scenario 2, the DL Uu capacity requirement of V2X cannot be met under DL 10 MHz except SC-PTM solution in low vehicle density case.
3 Capacity analysis of V2V transfer for Scenario 3
There are two sub-options for scenario 3 as showed in Fig. 2 and Fig.3 below:

[image: image1.emf]DL

UL

SL

UE (RSU)

E-UTRAN


Fig.2 Scenario 3A
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Fig.3 Scenario 3B
3.1 Working assumption

In the evaluation, we use the same simulation parameters as [1] except: UL and sidelink are on the same carrier(i.e. 2GHz) and sidelink occupy 50% bandwidth of UL total BW, the sidelink bandwidth =10MHz.
The DL bandwidth B is assumed to be B=10/20MHz.

Sidelink assumption: 16QAM, 1/2 Turbo channel code, single antenna, 4 symbols for DMRS.
3.2
Scenario 3A capacity analysis

For scenario 3A, the DL capacity analysis result is same as scenario2 in clause2.1. The UL for 3A is composed of two interfaces: Uu from UE-RSU to eNB and sidelink from vehicles to UE-RSU, so the two interfaces capacity will be evaluated separately as below. 
3.2.1
SL from vehicles to UE-RSU Capacity analysis
Based on assumption, the sidelink(vehicle -> UE-type RSU) capacity = 4*1/2*12*(14-1-4)*50= 10.8Mbps, and the supported density = 10.8M/17k = 635; as previous analysis result, the maximum vehicle density requirement =175, so the SL capacity requirement can be met.
3.2.2
UL Capacity from UE-RSU to eNB analysis

Considering the UL between UE-type RSU and eNB: 
Urban scenario: the UE-RSU is at the centre of intersection; 
Freeway scenario: the UE-RSU is uniform allocation with 100m spacing in the middle of the freeway. 
For Urban: the UE-RSU is at the centre of intersection, so every UE-RSU will deal with about half vehicles of one block , the number of vehicles for one UE-RSU under 60Km/h = (433+250)*2/ 41.7=33, the UL rate = 33*17kbps=0.55Mbps, for 15Km/h = (433+250)*2/10.5 =130, for 2Hz: the required UL rate = 130*3.4kbps= 0.44Mbps;
For freeway: the UE-RSU is 100m space allocation, the number of vehicles with 140Km/h = 100*6/97.22=6, the required rate = 17kbps*6= 0.1Mbps; the required rate for 70Km/h=100*6/48.61*17kbps=0.2Mbps.

The evaluation result is listed in table-6:
Table-6 UE-RSU -> eNB UL capacity analysis

	Scenario 
	Urban (Ncells = 7),center of intersection 
	Freeway (Ncells = 3), inter-UE-RSU distance=100m 

	Required PRR 
	90 % 
	80 % 

	Vehicle speed v 
	60km/h
	15 km/h
	15km/h
	140km/h
	70km/h

	Message frequency 
	10 Hz 
	10 Hz 
	2 Hz 
	10 Hz 
	10 Hz 

	Required capacity of UE-RSU -> eNB (Mbps) 
	0.55 
	2.2 
	0.44 
	0.1 
	0.2 

	Spectral Efficiency  (20MHz LTE UL carrier, PC5: 50% )(b/s/Hz) 
	0.05 
	0.22 
	0.04 
	0.01 
	0.02 


The required spectral efficiency are less than 0.22, the LTE UL spectral efficiency is normally bigger than this value, so the UL Uu capacity requirement can be met.  For DL case in scenario3A, since the total UL data rate keeps unchanged, the same analysis for scenario 2 can be reused. For unicast solution, since the rate of vehicle transmitting is fixed (periodic traffic), the neighbour vehicles within efficient range and the maximum supported rate determine the supported density.
Observation 2: The UL capacity requirement can be met for the Uu transport of V2V.
Observation 3: For scenario 3A, the DL capacity analysis result is same as scenario 2.
3.3
Scenario 3B capacity analysis
For scenario 3B, the UL capacity analysis result is same as scenario2 in clause2.1. The DL is composed of two interfaces: Uu from eNB to UE-RSU and sidelink from UE-RSU to vehicles, so the two interfaces capacity will be evaluated separately as below.
3.3.1
DL from eNB to UE-RSU
For scenario 3B, the simulation parameters are similar as [1] except below: In Urban case, the UE-RSU is at the centre of intersection, and the UE-RSU is allocated by 100m space in the middle of freeway for freeway case.
For Urban case: the UE-RSU density is 2/block, so the corresponding density of cell = 2*0.072/0.108=1.3.

For freeway case: the UE-RSU density/cell = 1732*2/4/100=9. The analysis result is showed in table-7:

Table-7 DL capacity from eNB to UE-RSU
	Scenario 
	Urban, UE-RSU at center of intersection 
	Freeway , inter-UE-RSU distance=100m 

	Required PRR 
	90 % 
	80 % 

	Vehicle speed v 
	60km/h
	15 km/h
	15km/h
	140km/h
	70km/h

	Message frequency 
	10 Hz 
	10 Hz 
	2 Hz 
	10 Hz 
	10 Hz 

	Required density NRSU/cell; 
	1.3 
	1.3 
	1.3 
	9 
	  9 

	Required capacity of UE-RSU (Mbps)(unicast; SC-PTM; MBSFN) 
	23.6(NOK); 

5.23; 

5.23 
	391(NOK); 

20.8(NOK); 

20.8(NOK) 
	78(NOK); 

4.165; 

4.165 
	4; 

2.75; 

2.75 
	15.76(NOK); 

5.5; 

5.5 


Here, “unicast” ”SC-PTM” ”MBSFN” are the DL transmission schemes from eNB to UE-RSU.
The required capacity of UE-RSU is the rate that UE-RSU receives from eNB by Uu, and the same capacity requirement is for sidelink from UE-RSU to vehicles (assuming the broadcast for sidelink).

Based on previous analysis, the sidelink capacity: 16QAM, 1/2 turbo code, 10MHz, the sidelink rate = 10.8Mbps.
Observation 4: For scenario 3B, the attributes (i.e. capability, deployment, quantity, etc) of both UE-RSU and sidelink capacity need to be considered when analyzing V2X capacity.
Observation 5: For scenario 3B, the DL Uu capacity requirement of V2X can be met. 
Observation 6: In both the urban and the freeway scenario using unicast with high-vehicle density, sidelink capacity requirements cannot be met. 
Observation 7: For scenario 3B using PTM with high-vehicle density, sidelink capacity requirements cannot be met. 
3.3.2 Sidelink capacity analysis from UE-RSU to vehicle
For sidelink from UE-RSU to vehicle, the system capacity results and requirements in different scenarios with different vehicle densities are listed below.

 Table-8 Sidelink capacity analysis results  
	Scenario 
	Urban ,UE-RSU at center of intersection 
	Freeway , inter-UE-RSU distance=100m/ 

	Required PRR 
	90 % 
	80 % 

	Vehicle speed v 
	60km/h
	15 km/h
	15km/h
	140km/h
	70km/h

	Message frequency 
	10 Hz 
	10 Hz 
	2 Hz 
	10 Hz 
	10 Hz 

	Required density NRSU/cell; 
	1.3 
	1.3 
	1.3 
	9 
	9 

	Required capacity of UE-RSU (Mbps)(unicast; SC-PTM; MBSFN) 
	23.6(NOK); 

5.23; 

5.23 
	391(NOK); 

20.8(NOK); 

20.8(NOK) 
	78(NOK); 

4.165; 

4.165 
	4; 

2.75; 

5.5 
	15.76(NOK); 

2.75; 

5.5 

	Required density Ncars in sidelink for UE-RSU
	33 
	130 
	130 
	6 
	12 


For Urban case: the required density Ncars in sidelink with 60km/h = (433+250)*2/ 41.7=33, for 15Km/h = (433+250)*2/10.5 =130; if sidelink is broadcast-based, the above result in Table-8 for sidelink can be reused, and else if sidelink is unicast-based, the requirement for sidelink (Rsidelink = Required capacity of UE-RSU * Required density Ncars) can’t be met since the minimum requirement equals : 6*2.75 = 16.5Mbps that is larger than sidelink capacity 10.8Mbps.
For freeway: the UE-RSU is 100m space allocation, the number of vehicles with 140Km/h = 100*6/97.22=6; the required vehicles for 70Km/h=100*6/48.61 = 12.
As discussed previous: the sidelink capacity =10.8Mbps, all the unicast (DL) solution can’t meet the requirement except the freeway case with 140 Km/h. So broadcast solution for sidelink from UE-RSU to vehicle in scenario3B is a basic assumption.
Observation 8: For scenario 3B, the broadcast solution for the sidelink from UE-RSU to vehicle with PTM solution for DL from eNB to UE-RSU can meet the V2X capacity requirement. 
Proposal 1: The unicast solution is not fit for the Uu transport of V2V. 
Proposal 2: The PTM solution can meet the capacity requirement in Scenario 2&3 for normal V2V cases. 

4 Conclusion
Observation 1: For scenario 2, the DL Uu capacity requirement of V2X cannot be met under DL 10 MHz except SC-PTM solution in low vehicle density case.
Observation 2: The UL capacity requirement can be met for the Uu transport of V2V.
Observation 3: For scenario 3A, the DL capacity analysis result is same as scenario 2.
Note: In unicast solution, the source-V and dest-V are within effective range.  

Observation 4: For scenario 3B, the attributes (i.e. capability, deployment, quantity, etc) of both UE-RSU and sidelink capacity need to be considered when analyzing V2X capacity.
Observation 5: For scenario 3B, the DL Uu capacity requirement of V2X can be met. 
Observation 6: In both the urban and the freeway scenario using unicast with high-vehicle density, sidelink capacity requirements cannot be met. 
Observation 7: For scenario 3B using PTM with high-vehicle density, sidelink capacity requirements cannot be met. 
Observation 8: For scenario 3B, the broadcast solution for the sidelink between UE-RSU and vehicle is a basic assumption. 
Proposal 1: The unicast solution is not fit for the Uu transport of V2V. 
Proposal 2: The PTM solution can meet the capacity requirement in Scenario 2&3 for normal V2V cases. 
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