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1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for all the three V2X services, V2V, V2I, and V2P. This contribution discusses potential enhancement areas for Uu-based V2P, V2I/N according to the SID objective: 
3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]
b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].

2. Discussions 
2.1. Power consumption analysis of PUE
Rx power consumption of PUE in V2P
In this section, we discuss PUE’s power consumption for V2P services, e.g., in Section 5.18 Vulnerable Road User (VRU) Safety in [2]. The PUE can receive V2P message from a cell (i.e., Uu-based V2P) or an RSU (i.e., PC5-based V2P), we provide power consumption analysis results of each case when PUE receives V2P messages.
For the power consumption analysis of Uu-based V2P message reception, firstly we assume the multi-cell (7cell clustering) broadcast as shown in Figure 1 in [3] (i.e., a cell transmits message generated in it in one subframe out of a set of 7 subframes, and it transmits messages generated in neighboring cells in the remaining 6 subframes of the set). In addition, we assume that each pedestrian UE knows which subframe is used for transmission of messages generated in which cell. Then, a UE can determine in each subframe whether one of the messages transmitted in the subframe potentially is generated by a vehicle within the target range from it. If so, the UE attempts to receive it, and goes to idle otherwise. As a result, the location of each pedestrian UE determines how many subframes the UE needs to monitor, and this is equal to the number of cells overlaps with the circle having the radius of the target range. 
Figure 1 shows an example of cell deployment and road grid. If the reception coverage of PUE is the 75m, the region which requires reception from 1, 2, 3 and more than 3 cell is about 12, 27, 60, and 0% of total sidewalk, respectively. In such a case, the average power consumption becomes 0.354 units/subframe (=. We note that the power consumption becomes 1 units/subframe if the UE monitors all the subframes.
Proposal: P-UE RX power consumption can be reduced if the information on the association between the resource set and the location of the message generation is utilized.
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Figure 1. Uu-based V2P for 7cell clustering

Tx power consumption of PUE in P2V
Regarding the power consumption for Uu-based P2V message transmission, overhead analyses as discussed in [4] can be used. In Table C-5 of Appendix C, power consumption of each Uu resource scheduling scheme is provided. According to this analysis, power consumption from SR with/without BSR type scheduling schemes is larger than SPS type scheduling scheme, and it is because it require more transmission/reception for scheduling request, buffer status report and DL resource allocation. It is noted that this analysis assumes no GPS operation, but there can be additional power consumption by GPS operation and it affected by GPS handling algorithm.

2.2. Physical design for V2I / N 
When the UEs receive I2V messages from eNB or eNB type RSU, the usage of downlink spectrum can be considered. The downlink physical layer for I2V should be designed in order to minimize the impact on the resources for legacy LTE communications (WAN).
From the Table 1 in [4] showing the performance of Uu based I2V using the downlink resource, we can see that it is beneficial to use Uu based I2V operation on top of the deployment of the LTE eNBs only using the small fraction of downlink resources (less than 1%). Thus, the downlink physical design can be used for I2V and it may be proper to (re)use the downlink physical design aimed for Uu transport for V2V. We propose to confirm the working assumption on the downlink physical design - DL physical design used for V2V is used for I2V if DL physical design is used for I2V. For V2I, as the uplink capacity is not the bottleneck, any solution to address the latency and overhead for Uu-V2V can be reused.

Proposal: The working assumption can be confirmed - DL and UL physical design used for V2V is used for I2V and V2I if DL and UL physical design is used for I2V and V2I.

3. Conclusion
This contribution discussed on feasibility of Uu transport for V2P and V2I/N. Out proposals for this contribution can be summarized as follows:
[bookmark: _GoBack]Proposal: P-UE RX power consumption can be reduced if the information on the association between the resource set and the location of the message generation is utilized.
Proposal: The working assumption can be confirmed - DL physical design used for V2V is used for I2V if DL physical design is used for I2V
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Appendix A. Simulation assumptions for handover performance evaluation
Simulation assumptions are based on those in [6]. Details are summarized in the following table.

	Parameter
	Assumption

	Cell loading
	100%

	TimeToTrigger [ms]
	160

	a3-offset [dB]
	2

	L1 filtering time
	200ms

	L3 filter parameter K
	1

	Measurement error modeling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.
For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms




Appendix B. Simulation assumptions for DL broadcast evaluation
The assumption in [7] is used for PC5 operations. Additional assumptions are summarized in the following table.

	Parameter
	Assumption

	System bandwidth
	10MHz (DL) / 10 MHz (SL)

	UL operation
	Ideal transmission from RSU to eNB

	Carrier frequency
	2.0GHz (DL) / 6.0GHz (SL)

	Tx power
	46dBm (eNB) / 23dBm (UE, RSU)

	Antenna configuration
	2 Tx and 2 Rx (eNB) / 1 Tx and 2 Rx (UE) 

	Antenna gain
	17dBi (eNB) / 3dBi (UE, RSU)

	Modulation
	QPSK or 16 QAM (DL) / QPSK (SL)

	RSU deployment
	One RSU at every intersection in Urban case

	Channel model for RSU
	Follows the agreed channel model in the email discussion of [83-05]

	MCS
	For Urban case with 60 km/h speed in Scenario 2:
a) MCS13 is used for ‘MBMS (100% DL resource) with the fixed MCS’
a) MCS14 is used for ‘MBMS (60% DL resource) with the fixed MCS’
c) MCS8 is used for ‘SC-PTM (100% DL resource) with the fixed MCS’

For Freeway case with 70 km/h speed in Scenario 2:
a) MCS13 is used for ‘MBMS (100% DL resource) with the fixed MCS’
a) MCS15 is used for ‘MBMS (60% DL resource) with the fixed MCS’
c) MCS9 is used for ‘SC-PTM (100% DL resource) with the fixed MCS’

We selected the fixed MCS among all the MCS values (i.e., MCS0 ~ MCS16) which shows the best performance at 140-160m for Urban case and 300-320m for Freeway case.




Appendix C. Analyses for UL of V2X service
Table C-1. Overhead analysis for SR without BSR
	Case
	SR period: 1ms
	SR period: 10ms

	
	UL overhead
	DL overhead
	UL overhead
	DL overhead

	
	Control overhead in the whole UL resource
	Control + data overhead in the whole UL resource
	Control overhead / Total overhead
	Data / Total overhead
	Control overhead within PDCCH region
	Control overhead in the whole UL resource
	Control + data overhead in the whole UL resource
	Control overhead / Total overhead
	Data / Total overhead
	Control overhead within PDCCH region

	Urban grid 15km/h (100ms)
	29.14%
	64.11%
	45.45%
	54.55%
	8.52%
	2.91%
	37.88%
	7.69%
	92.31%
	8.52%

	Urban grid 15km/h (500ms)
	29.14%
	36.14%
	80.65%
	19.35%
	1.70%
	2.91%
	9.91%
	29.41%
	70.59%
	1.70%

	Urban grid 60km/h
	7.29%
	16.03%
	45.45%
	54.55%
	2.13%
	0.73%
	9.47%
	7.69%
	92.31%
	2.13%

	Freeway 70km/h
	17.82%
	39.19%
	45.45%
	54.55%
	5.21%
	1.78%
	23.16%
	7.69%
	92.31%
	5.21%

	Freeway 140km/h
	8.91%
	19.60%
	45.45%
	54.55%
	2.61%
	0.89%
	11.58%
	7.69%
	92.31%
	2.61%



Table C-2. Overhead analysis for SR with BSR
	Case
	SR period: 1ms
	SR period: 10ms

	
	UL overhead
	DL overhead
	UL overhead
	DL overhead

	
	Control overhead in the whole UL resource
	Control + data overhead in the whole UL resource
	Control overhead / Total overhead
	Data / Total overhead
	Control overhead within PDCCH region
	Control overhead in the whole UL resource
	Control + data overhead in the whole UL resource
	Control overhead / Total overhead
	Data / Total overhead
	Control overhead within PDCCH region

	Urban grid 15km/h (100ms)
	32.64%
	67.61%
	48.28%
	51.72%
	17.05%
	6.41%
	41.38%
	15.49%
	84.51%
	17.05%

	Urban grid 15km/h (500ms)
	29.84%
	36.84%
	81.01%
	18.99%
	3.41%
	3.61%
	10.61%
	34.07%
	65.93%
	3.41%

	Urban grid 60km/h
	8.16%
	16.90%
	48.28%
	51.72%
	4.26%
	1.60%
	10.35%
	15.49%
	84.51%
	4.26%

	Freeway 70km/h
	19.95%
	41.33%
	48.28%
	51.72%
	10.42%
	3.92%
	25.30%
	15.49%
	84.51%
	10.42%

	Freeway 140km/h
	9.98%
	20.67%
	48.28%
	51.72%
	5.21%
	1.96%
	12.65%
	15.49%
	84.51%
	5.21%


Table C-3. Overhead analysis for SPS
	Case
	SPS period: 10ms
	SPS period: 40ms
	SPS period: 100ms

	
	UL overhead in the whole UL resource
	DL Control overhead within PDCCH region
	UL overhead in the whole UL resource
	DL Control overhead within PDCCH region
	UL overhead in the whole UL resource
	DL Control overhead within PDCCH region

	Urban grid 15km/h (100ms)
	349.70%
	0.10%
	87.43%
	0.10%
	34.97%
	0.10%

	Urban grid 15km/h (500ms)
	349.70%
	0.10%
	87.43%
	0.10%
	34.97%
	0.10%

	Urban grid 60km/h
	87.43%
	0.03%
	21.86%
	0.03%
	8.74%
	0.03%

	Freeway 70km/h
	213.78%
	0.06%
	53.45%
	0.06%
	21.38%
	0.06%

	Freeway 140km/h
	106.89%
	0.03%
	26.72%
	0.03%
	10.69%
	0.03%


Table C-4. Evaluation results on the handover performance in V2X operations
	
	Urban
	Freeway Option 1
	Freeway Option 2

	
	15km/h
	60km/h
	70km/h
	140km/h
	70km/h
	140km/h

	Average ToS 
(Time of Stay in a cell)
	23.7343
	7.37298
	13.1169
	8.27957
	7.41066
	4.31343

	Successful HOs/UE/sec
	0.041773
	0.12367
	0.070895
	0.098288
	0.119501
	0.183027

	HO failures/UE/sec
	0.00036
	0.01196
	0.005343
	0.022492
	0.015439
	0.048807

	HO Failure Rate (%)
	0.854449
	8.81834
	7.00771
	18.622
	11.4416
	21.0526


Table C-5. P2V Tx power consumption
	Message generation period 
	SR without BSR
	SR with BSR
	SPS

	1Hz
	0.01621
	0.02130
	0.01113

	· Power consumption model in [8] is applied.
· No GPS operation.
· UL Tx power: 1.136 unit/subframe
· UL Rx power: 1 unit/subframe
· Sleep power: 0.01 unit/subframe
· Average ToS when 3km/h is assumed is 311.53 sec.
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