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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 V2V 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. DL for V2X services in urban grid scenario
Most of V2X messages need to be delivered to all the UEs in some area (e.g., all the UEs within the target range of the transmitter in case of V2V and V2P). Thus, it is natural to consider multicast/broadcast mechanism when LTE DL is used for V2X operations. We note that, because there are many UEs in a cell, DL unicast for V2X message delivery is not a feasible option as discussed in [2].  
In the previous meeting (RAN1 #84), we evaluated multi-cell broadcast downlink transmission scheme for Uu V2V as shown in Figure 1 (i.e. for urban grid scenario), which is aligned with the baseline used in the email discussion [92#45][LTE/V2X] Capacity Analysis. The following observations were drawn from the result [3]:
· The PRR performance of MBMS and SC-PTM at 300 – 320 m range is higher than 80 % in Freeway case if sufficient DL resources are available.
· The PRR performance of MBMS at 140 – 160 m range is higher than 80 % in Urban case if sufficient DL resources are available, but the PRR performance of SC-PTM at 140 – 160 m range is less than 80 %.
· SFN transmissions such as MBMS and MCCB provide performance benefit when compared to single-cell transmissions.
· MCCB can provide better performance, e.g., PRR at 140 – 160 m range becomes about 96 % in Urban case.
[image: ]Figure 1. An example of multi-cell broadcast for V2X in the Urban grid scenario (conservative broadcasting cell selection)

Table 1. Average PRR for Urban case with 60 km/h speed (Uu only, conservative broadcasting cell selection)
	Distance from a TX UE (meter)
	MBMS (100% DL resource) with the fixed MCS 
	MCCB (100% DL resource) with the dynamic MCS adaptation
	SC-PTM (100% DL resource) with the fixed MCS 
	SC-PTM (100% DL resource) with the dynamic MCS adaptation

	0-20
	0.936064
	0.969782
	0.676202
	0.762112

	20-40
	0.939108
	0.979725
	0.670967
	0.76047

	40-60
	0.947065
	0.981554
	0.683328
	0.764989

	60-80
	0.941422
	0.979615
	0.695011
	0.776619

	80-100
	0.939604
	0.982048
	0.684824
	0.774052

	100-120
	0.932198
	0.976814
	0.694387
	0.768513

	120-140
	0.928264
	0.976091
	0.688239
	0.768206

	140-160
	0.910943
	0.966067
	0.687219
	0.763821


This multi-cell broadcast scheme involves the cooperation of 7 cells to transmit a V2X message which is generated from a specific single cell and requires 7 subframes to transmit whole V2X messages generated from all the associated cells. This can be considered as a conservative approach because some messages are transmitted in a cell which does not contain any UEs within the target range from the message generating UE. So, we can consider a more aggressive approach where a smaller number of cells transmit a message. To be specific, we divided the location of UEs in a cell to 3 partitions and each partition can be treated as a ‘sub-cell’ as shown in Figure 2. Then, messages generated in a partition are transmitted from three associated cells. As the set of transmitting cells can be different for messages in the same cell, the location information is needed for each message. 
We evaluated the performance of this proposed location-based multicast/broadcast mechanism. It was assumed that every V2V message generated in each vehicle is delivered to the eNB in an ideal manner. Details of the simulation assumptions are in Appendix A. Table 2 show the average PRR achieved by DL broadcast in Urban case with 60 km/h case. Comparing this result with that of the conservative method, we can find that the aggressive broadcasting cell selection actually performs worse, especially at a relatively long range from the transmitter. One reason is that, by making each broadcast cluster smaller, more UEs experience higher inter-cluster interference although the aggressive approach can utilize more resources for transmitting messages at a given area. It needs to be noted that, in the conservative approach, UEs at the boundary of a broadcast cluster are not typically within the target range of the message generating UEs. In this sense, the conservative approach has similarity to ICIC in the sense that the network transmits messages within limited resources but with reduced interference, and it can be easily understood that ICIC is beneficial in a relatively dense cell deployment.
      
Figure 2. An example of multi-cell broadcast for V2X in the Urban grid scenario (aggressive broadcasting cell selection)

Table 2. Average PRR for Urban case with 60 km/h speed (Uu only, aggressive broadcasting cell selection)
	Distance from a TX UE (meter)
	Location-based MBMS (100% DL resource) with the fixed MCS 
	Location-based MCCB (100% DL resource) with the dynamic MCS adaptation
	Location-based SC-PTM (100% DL resource) with the dynamic MCS adaptation

	0-20
	0.948923
	0.958434
	0.911122

	20-40
	0.912424
	0.921603
	0.872988

	40-60
	0.854564
	0.861575
	0.818964

	60-80
	0.827647
	0.832866
	0.792945

	80-100
	0.796472
	0.803626
	0.761293

	100-120
	0.773805
	0.78132
	0.742676

	120-140
	0.747496
	0.757743
	0.720483

	140-160
	0.675236
	0.68447
	0.657372


[bookmark: _GoBack]Observation: It can be beneficial to use conservative broadcasting cell selection scheme to mitigate the inter-cluster interference in the urban grid scenario where the cell radius is small compared to the V2V coverage.

2.2. DL for V2X services in freeway scenario
On the other hand, in the freeway scenario, the road is located across the cells encountering only two cells among the three sectorized cells in a site as shown in Figure 3 and Figure 4, and it is clear which cells should transmit the V2X message together generated at a specific point. Furthermore, the cell radius is larger than the Urban case and the message can be less affected by the interference from adjacent cells or cell clusters.
In the previous meeting, we also evaluated multi-cell broadcast downlink transmission scheme for Uu V2V as shown in Figure 3 (i.e. for Freeway scenario). Different from the cell clustering structure of urban grid scenario, 3 cells were involved for multi-cell broadcasting scheme and it takes 3 subframes to transmit whole V2X messages generated from all the associated cells. For convenience of cell clustering, we consider the existence of 3 eNB. The following observations were drawn from the result [3]:
· The PRR performance of MBMS, MCCB and SC-PTM at 300 – 320 m range is higher than 80 % in Freeway case if sufficient DL resources are available.


Figure 3. Example of multi-cell broadcast for V2X in the Freeway scenario (conservative broadcasting cell selection)

Table 3. Average PRR for Freeway case with 70 km/h speed (Uu only, conservative broadcasting cell selection)
	Distance from a TX UE (meter)
	MBMS (100% DL resource) with the fixed MCS 
	MCCB (100% DL resource) with the dyan
	SC-PTM (100% DL resource) with the dynamic MCS adaptation
	SC-PTM (100% DL resource) with the fixed MCS 

	0-20
	0.93378
	0.97958
	0.872043
	0.744266

	20-40
	0.932568
	0.975843
	0.867293
	0.743627

	40-60
	0.927665
	0.981126
	0.874276
	0.745183

	60-80
	0.927542
	0.977288
	0.876338
	0.74342

	80-100
	0.930817
	0.979418
	0.877601
	0.754653

	100-120
	0.936664
	0.979478
	0.873637
	0.749865

	120-140
	0.929524
	0.980711
	0.878737
	0.755042

	140-160
	0.929612
	0.98029
	0.869862
	0.74406

	160-180
	0.92625
	0.977847
	0.868793
	0.742106

	180-200
	0.929622
	0.980406
	0.867606
	0.733063

	200-220
	0.928423
	0.979689
	0.86704
	0.737174

	220-240
	0.923156
	0.97729
	0.869433
	0.746696

	240-260
	0.924431
	0.976814
	0.866325
	0.743259

	260-280
	0.924062
	0.976501
	0.862953
	0.741386

	280-300
	0.926735
	0.975729
	0.860293
	0.73222

	300-320
	0.929618
	0.981062
	0.870107
	0.74541



We also consider a more aggressive approach for the freeway scenario. To be specific, each cell is divided in the 2 or 3 partitions according to the location of the message generation (or the location of the Tx UE) as shown in Figure 4 and the V2V message generated in a certain partition is transmitted by a single cell or multiple cells. For example, the messages generated in the cell center of cell #0 or cell #3 is transmitted in the first subframe of the multi-cell broadcast duration by a single cell (i.e. cell #0 or cell #3) while other cells do not transmit the V2V messages. In the second subframe, both the cell #0 and cell #5 (or cell #2 and cell #3) transmit the messages together generated in one side of the cell boundary. Similarly, in the third subframe, both the cell #0 and cell #2 (or cell #3 and cell #5) transmit the messages together generated in other side of the cell boundary.
We evaluated the performance of proposed location-based multicast/broadcast mechanism in the Freeway scenario with 70 km/h of vehicle speed. Table 4 shows the average PRR achieved by DL broadcast. The following observations can be drawn from this result:
· In the proposed multi-cell broadcast for Freeway scenario, 1 or 2 cells (at most) transmit together. Thus the effect of SFN here is not as meaningful as in the conservative approach.
· The PRR performance is generally improved in the aggressive approach especially for SC-PTM. One reason is that the effect of muting enhances the performance of UEs at the cell boundary. 
· MCCB shows the best performance and gap from SC-PTM decreases as the distance increases. The gap between MCCB and SC-PTM becomes larger when less resources are used for DL transmissions.


Figure 4. Example of multi-cell broadcast for V2X in the Freeway scenario (aggressive broadcasting cell selection)

Table 4. Average PRR for Freeway case with 70 km/h speed (Uu only, aggressive broadcasting cell selection)
	Distance from a TX UE (meter)
	100 % DL resource 
	50 % DL resource
	25 % DL resource

	
	Location-based MBMS, fixed MCS
	Location-based MCCB, dynamic MCS adaptation
	Location-based SC-PTM, dynamic MCS adaptation
	Location-based MBMS, fixed MCS
	Location-based MCCB, dynamic MCS adaptation
	Location-based SC-PTM, dynamic MCS adaptation
	Location-based MBMS, fixed MCS
	Location-based MCCB, dynamic MCS adaptation
	Location-based SC-PTM, dynamic MCS adaptation

	0-20
	0.9684
	0.997268
	0.974196
	0.903274
	0.97031
	0.894101
	0.715252
	0.821619
	0.691707

	20-40
	0.962669
	0.996469
	0.971617
	0.89831
	0.971556
	0.900782
	0.705856
	0.814282
	0.694384

	40-60
	0.968467
	0.997379
	0.975195
	0.898417
	0.968847
	0.900339
	0.722093
	0.81578
	0.695199

	60-80
	0.961344
	0.996516
	0.970685
	0.896644
	0.970912
	0.902716
	0.71821
	0.816013
	0.707606

	80-100
	0.966621
	0.996559
	0.975295
	0.904726
	0.976893
	0.912602
	0.723661
	0.825985
	0.712529

	100-120
	0.96677
	0.995859
	0.972798
	0.904503
	0.974463
	0.910677
	0.723121
	0.82561
	0.71731

	120-140
	0.968418
	0.996716
	0.974321
	0.905237
	0.97301
	0.906397
	0.716554
	0.814569
	0.70069

	140-160
	0.967287
	0.994093
	0.974166
	0.909375
	0.970799
	0.906653
	0.726755
	0.823554
	0.712989

	160-180
	0.959229
	0.991411
	0.968809
	0.887598
	0.963125
	0.89931
	0.715002
	0.813743
	0.705011

	180-200
	0.96054
	0.992818
	0.97426
	0.900746
	0.96874
	0.914117
	0.71866
	0.822844
	0.732957

	200-220
	0.957294
	0.988844
	0.971148
	0.895977
	0.963505
	0.907934
	0.713606
	0.812262
	0.721117

	220-240
	0.941015
	0.978824
	0.963274
	0.878106
	0.95154
	0.90346
	0.704756
	0.805256
	0.728329

	240-260
	0.931219
	0.965889
	0.953564
	0.872699
	0.940622
	0.902556
	0.699454
	0.792931
	0.731938

	260-280
	0.921092
	0.964636
	0.95149
	0.852627
	0.932687
	0.893674
	0.678289
	0.77508
	0.714991

	280-300
	0.908124
	0.952392
	0.939218
	0.8404
	0.917815
	0.885651
	0.673815
	0.768554
	0.714727

	300-320
	0.906534
	0.952605
	0.943696
	0.840231
	0.919373
	0.89454
	0.66933
	0.765935
	0.729372


Observation: In freeway scenario, location based broadcasting cell selection enables the Rx UEs at the cell boundary area to mitigate the inter-cluster interference with muting or multi-cell  broadcasting.

3. Conclusion
This contribution discussed on the enhancement on the Uu transport for V2V. We tried to announce an enhanced multi-cell broadcasting scheme based on the location information of UEs. Our observations can be summarized as follows:

Observation 1: It can be beneficial to use conservative broadcasting cell selection scheme to mitigate the inter-cluster interference in the urban grid scenario where the cell radius is small compared to the V2V coverage.
Observation 2: In freeway scenario, location based broadcasting cell selection enables the Rx UEs at the cell boundary area to mitigate the inter-cluster interference with muting or multi-cell broadcasting.
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Appendix A. Simulation assumptions for DL broadcast evaluation
The assumption in [4] 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)

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

	MCS
	< conservative broadcasting cell selection >
For Urban case with 60 km/h speed in Scenario 2:
a) MCS13 is used for ‘MBMS (100% DL resource) with the fixed MCS’
b) 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) MCS12 is used for ‘MBMS (100% DL resource) with the fixed MCS’
b) 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’

< aggressive broadcasting cell selection >
For Urban case with 60 km/h speed in Scenario 2:
a) MCS7 is used for ‘MBMS (100% DL resource) with the fixed MCS’
b) MCS8 is used for ‘MBMS (50% DL resource) with the fixed MCS’
c) MCS12 is used for ‘MBMS (25% DL resource) with the fixed MCS’

For Freeway case with 70 km/h speed in Scenario 2:
a) MCS11 is used for ‘MBMS (100% DL resource) with the fixed MCS’
b) MCS12 is used for ‘MBMS (50% DL resource) with the fixed MCS’
c) MCS13 is used for ‘MBMS (25% 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.
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