Page 1



3GPP TSG-RAN WG2 #92
R2-157039
Anaheim, CA, USA, November 16- 20, 2015
Agenda Item
: 
7.11
Source
: 
LG Electronics Inc.
Title
:
Initial analysis and challenges for V2V service over Uu
Document for
:
Discussion and Decision
Introduction
In RAN#68, the study on LTE-based V2X services was approved in [1]. The main objectives of the SID in RAN2 are as follows:
	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].


In RAN2#91bis, RAN2 agreed the following scenarios to study Uu transport of V2V services and agreed the TP in [2]:
	RAN2 agrees to consider the following V2V scenarios for feasibility study

1. UL to DL via E-UTRAN (eNB and RSU eNB type) - higher priority for analysis study until december

2. SL to UL via UE type RSU and DL from E-UTRAN (bi-directional will also be included).  

· For the purpose of the initial evaluation we assume Rel-12 PC5 broadcast between UE and UE type RSU and Rel-12 Uu between UE type RSU and eNB

Multiple operator scenarios will be considered.  For the initial analysis a single eNB and multiple eNBs are assumed.  FFS which multiple operator scenarios are relevant and should be prioritized.  


In this document, we provide analysis of capacity, latency and service interruption and discuss challenges and potential enhancement areas for support of V2V services over Uu transport.
Analysis of capacity for V2V service
We analysed how many vehicles will exist at a cell in evaluation scenarios defined in RAN1 based on evaluation methodology in [4]. Our simulation result is shown in Table 1-1.

Table 1-1: The average number of vehicular UEs per cell (sector) in evaluation scenarios
	
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

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

	UEs per cell in average
	175.2
	43.7
	107.8
	53.7
	22.3
	11.1


1-1) Uplink capacity
It is assumed in SA1 and RAN1 that a vehicle generates a V2X message every 100 ms [3] in most evaluation scenarios [4]. According to RAN1 assumption [4], every vehicle generates 16960 bits per second. For uplink data rate of periodic V2X messages per cell in S2 and S3, this data rate should be multiplied by the number of vehicles generating messages at a cell. Table 1-2 shows uplink data rate of V2X messages per cell (sector) in evaluation scenarios assuming that all vehicles transmit V2X messages in unicast bearers.
Table 1-2: Uplink data rate of periodic V2X messages per cell (sector)
	
	Urban Grid
	Freeway Option 1
	Freeway Option 2

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

	UL data rate per cell (Mbps)
	2.97
	0.74
	1.83
	0.91
	0.38
	0.19


The result in Table 1-2 can be compared with performance evaluation in TR 36.912 [6]. The uplink spectral efficiency at a cell is 1.33 bit/s/Hz/cell in average for Rel-8 SIMO 1 x 2 according to Table 16A-3 in [6]. It corresponds to 13.3 Mbps per cell with 10 Mhz uplink bandwidth. Based on comparison, we could conclude that uplink capacity is not a bottleneck for periodic message delivery in V2V service.
Observation 1: Uplink capacity is not a bottleneck for periodic message delivery in V2V service.

1-2) Downlink capacity
For downlink data rate of periodic V2X messages per cell (sector), the uplink data rate in Table 1-2 should be multiplied by 7 or 3 cells consisting of one serving cell and 6 or 2 neighbouring cells where the received messages are transmitted to other vehicles in downlink. Note that 7 cells are considered in urban case while 3 cells are considered in freeway cases. Assuming that broadcast mechanism is used to transmit V2X messages to all vehicles at a cell, Table 1-3 shows the downlink data rate of V2X messages per cell (sector) for broadcast case.
Table 1-3: Downlink broadcast data rate of periodic V2X messages per cell (sector)
	
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

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

	DL data rate per cell (Mbps)
	20.80
	5.19
	5.48
	2.73
	1.13
	0.56


Spectral efficiency of MBMS and SC-PTM was provided in TR 36.890 [7] and TR 25.912 [8]. However, we could not find any result of MBMS and SC-PTM performance that can match with V2X evaluation environment. Performance of MBMS and SC-PTM will be discussed in Table 1-5, Table 1-6 and Table 1-7 later in this section in terms of Packet Reception Ratio. 
In addition, if unicast bearers are used to transmit V2X messages to all vehicles at a cell, the rates in Table 1-3 should be multiplied by the number of vehicles receiving the messages at a cell. Table 1-3 shows downlink data rate of V2X messages per cell (sector) for unicast case in which all vehicles receive V2X messages via unicast bearers.
Table 1-4: Downlink unicast data rate of periodic V2X messages per cell (sector)
	
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

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

	DL data rate per cell (Mbps)
	3644.12
	226.72
	591.27
	146.72
	25.30
	6.27


The result in Table 1-3 can be compared with performance evaluation in TR 36.912 [6]. The downlink spectral efficiency at a cell is 2.69 b/s/Hz/cell in average for MU-MIMO 2 x 2 according to Table 16A-1 in [6]. It corresponds to 26.9 Mbps per cell with 10 Mhz downlink bandwidth. Based on comparison, we could conclude that it is challenging that the network transmits V2X messages to all vehicles only via unicast bearers in downlink for V2V service in urban and freeway case (Option 1).
Observation 2: Due to lack of downlink capacity, it is too challenging to transmit all periodic V2X messages to all vehicles only via unicast bearers in downlink for V2V service in urban and freeway case (Option 1).
In addition, we also analysed downlink Packet Reception Ratio (PRR) based on evaluation methodology in [4] for Scenario 2 and 3 in [2]. The PRR is a performance metric defined in RAN1 [4]. Our simulation results on average PRR are shown in Table 1-5 and Table 1-6 for Scenario 2 and Table 1-7 for Scenario 3. 
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Figure 1-1. An illustration of V2X message delivery to UEs in neighboring cells

We looked into average PRR at receiving vehicles on a circle line of 20 meters in thickness which is every 20 meters distant from a transmitting vehicle in Table 1-5, Table 1-6 and Table 1-7. To understand performance of MBMS and SC-PTM, it is assumed in the simulation that uplink transmissions of V2X messages are always successful. In addition, it is assumed in the simulation that 100 % downlink resources are used for broadcast at a cell for Scenario 2. But, we should take into account that common channels such as BCCH and PCCH will occupy some portion of downlink resources at a cell and MBSFN transmissions can only occupy up to 60 % of downlink resources at a cell.
Table 1-5: Average PRR for Freeway case (Option 1) with 70 km/h speed in Scenario 2

	Distance from a TX UE (meter)
	MBMS
(100% DL resource)
	SC-PTM
(100% DL resource)

	0 - 20
	0.923664
	0.812307

	20 - 40
	0.924700
	0.812616

	40 - 60
	0.921543
	0.808383

	60 - 80
	0.922321
	0.809092

	80 - 100
	0.896876
	0.781900

	100 - 120
	0.876941
	0.758147

	120 - 140
	0.875988
	0.760336

	140 - 160
	0.855889
	0.735731

	160 - 180
	0.809748
	0.698613

	180 – 200
	0.805308
	0.692215

	200 – 220
	0.791523
	0.674778

	220 – 240
	0.763896
	0.644867

	240 – 260
	0.768099
	0.648524

	260 – 280
	0.762049
	0.644327

	280 – 300
	0.753794
	0.637195

	300 – 320
	0.717951
	0.594282


TR 22.885 [3] in SA1 provides effective range of V2X service. In case of freeway for 160 km/h speed, the effective range is 320 meter and the minimum radio layer message reception reliability (i.e. probability that the recipient gets it within 100ms) is 80%. By comparing Table 1-5 with TR 22.885, we can find out that the gap between the target and MBMS performance is 7% while the gap between the target and SC-PTM performance is 19% in Scenario 2. 
Considering that SA1 and RAN1 assume different values of vehicle speed in freeway in their TRs, we could assume that the effective range could be reduced to be matched with RAN1’s assumption i.e. 70 km/h. If this assumption is valid, MBMS performance may have a chance to meet the requirement because MBMS achieves 80% within 200 meters. But, SC-PTM performance would not meet the requirement because SC-PTM achieves 80% within 80 meters.
Note that the most challenging evaluation scenario is the urban case and the next challenging one is the freeway case (Option 1). Thus, performance of MBMS and SC-PTM would be better in the freeway case (Option 2).

Table 1-6: Average PRR for Urban case with 60 km/h speed in Scenario 2
	Distance from a TX UE (meter)
	MBMS
(100% DL resource)
	SC-PTM
(100% DL resource)

	0 - 20
	0.807284
	0.705533

	20 - 40
	0.809545
	0.700607

	40 - 60
	0.799741
	0.694765

	60 -80
	0.789312
	0.697631

	80 -100
	0.755456
	0.671140

	100 - 120
	0.711541
	0.635117

	120 - 140
	0.698734
	0.623518

	140- 160
	0.646674
	0.576931


In case of urban case in [3] for 50 km/h, the effective range is 150 meter and the minimum radio layer message reception reliability (i.e. probability that the recipient gets it within 100ms) is 90%. By comparing Table 1-6 with TR 22.885, we can find out that the gap between the target and MBMS performance is 15% while the gap between the target and SC-PTM performance is 22% in Scenario 2. MBMS and SC-PTM cannot achieve 90% even within 20 meters.
Table 1-7: Average PRR for Urban case with 60 km/h speed in Scenario 3A and 1
	Distance from a TX UE (meter)
	PC5+MBMS
(100% DL resource)
	PC5+SC-PTM
(100% DL resource)
	PC5+MBMS
(50% DL resource)
	PC5+SC-PTM
(50% DL resource)
	Scenario 1 only

(100% UL resource)

	0 - 20
	0.912997
	0.912553
	0.908164
	0.907306
	0.908216

	20 - 40
	0.929338
	0.926887
	0.925846
	0.922422
	0.915566

	40 - 60
	0.923291
	0.919551
	0.921500
	0.915720
	0.900496

	60 -80
	0.910038
	0.904154
	0.901365
	0.892278
	0.861020

	80 -100
	0.894634
	0.887401
	0.880713
	0.868493
	0.830699

	100 - 120
	0.852322
	0.842290
	0.834383
	0.820025
	0.761822

	120 - 140
	0.795858
	0.784204
	0.773928
	0.756866
	0.679810

	140- 160
	0.723871
	0.709641
	0.696418
	0.675933
	0.584504


The result of Scenario 3 in Table 1-7 shows better result than the result of Scenario 2 in Table 1-6. By comparing Table 1-7 with TR 22.885, we can find out that the gap between the target and MBMS performance is 8% with 100% DL resource and 10% with 50% DL resource while the gap between the target and SC-PTM performance is 9% with 100% DL resource and 12% with 50% DL resource in Scenario 3. 

Accordingly, both MBMS and SC-PTM performances are not sufficient for support of V2V service in Scenario 2 and 3A, particularly in urban cases. Meanwhile, it is observed that MBMS outperforms SC-PTM in all cases in terms of Packet Reception Ratio for both Scenario 2 and 3A. 
Observation 3: In terms of Packet Reception Ratio, neither MBMS nor SC-PTM performance is sufficient for support of V2V service in Scenario 2 and 3A, particularly in urban cases. 

Observation 4: In terms of Packet Reception Ratio, MBMS outperforms SC-PTM in both Scenario 2 and 3A.

1-3) Combination of Uu and PC5
As shown in Table 1-7, the scenario where PC5 is combined with MBMS or SC-PTM (i.e. Scenario 3A) outperforms the scenario where only PC5 is used for V2V (i.e. Scenario 1). It is observed that when UEs uses both sidelink and downlink to receive V2X messages, reception performance will increase for V2V service.
Observation 5: When UEs uses both sidelink and downlink to receive V2X messages, reception performance will increase for V2V service.
Considering the observation above, assuming that all vehicles transmit only in sidelink, it is beneficial that eNB overhears sidelink transmissions to broadcast in downlink or the UE type RSU transfers sidelink transmission to eNB in uplink. 
Observation 6: It is beneficial that eNB overhears sidelink transmissions to broadcast in downlink or the UE type RSU transfers sidelink transmission to eNB in uplink.

We would like to point out that Table 1-7 shows that using sidelink transmissions only cannot meet the requirement on PRR. Thus, in terms of Packet Reception Ratio, both uplink and sidelink cannot share the same uplink carrier in particular in urban cases.
Observation 7: In terms of Packet Reception Ratio, both uplink and sidelink cannot share the same uplink carrier in particular in urban cases.
Analysis of latency and service interruption for V2V service

According to SA1 requirement in [3], the maximum tolerable latency for V2X services is 100 ms in all areas including suburban, freeway, urban, urban intersection and campus/shopping areas. Thus, a V2X message transmitted by a vehicle shall be received by another vehicle in a range within 100 ms.
However, when UE performs RRC connection establishment, handover and RRC connection re-establishment, transmission and reception of V2X messages are delayed. Such delay will additionally contribute to latency of V2X message delivery. 

2-1) Latency and service interruption in V2X message delivery including handover
Handover will additionally contribute to latency of V2X message delivery (even if handover is successful), because UE cannot transmit a message in uplink during handover i.e. between handover command and handover complete. When UE generates a V2X message just before receiving handover command, it fails to transmit the message at a source cell. Then, UE needs to delay transmission of the V2X message until handover procedure successfully completes at a target cell. Thus, actual latency of V2X message delivery needs to involve handover latency for our study as shown in Figure 1. Otherwise, whenever UE performs handover, V2X message delivery could fail due to latency.
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Figure 2-1: Latency of V2X message delivery including handover latency
We analysed how frequently vehicles perform handover procedures in evaluation scenarios defined in RAN1 [4] based on evaluation methodology in [5]. Our simulation result is shown in Table 1-1. It is assumed in Table 1-1 that all vehicles make successful handover i.e. handover failure is not considered in Table 1-1. Note that we assume that UE type RSU is stationary in S3. Thus, handover latency should be considered only for vehicular UEs in S2 and S3.
Table 2-1: Time of stay at a cell for vehicular UEs in V2X evaluation scenarios
	
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

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

	Average ToS 
[sec]
	23.7343
	7.37298
	13.1169
	8.27957
	7.41066
	4.31343


The result in Table 2-1 shows that vehicular UEs in RRC_CONNECTED will experience frequent handovers (and also frequent cell reselections if UEs are in RRC_IDLE). For instance, vehicular UEs driving on the freeway in 140 km/h will perform handover every 4.3 or 8.3 seconds in average. It means that V2X messages will be frequently delayed or dropped due to handover of vehicular UEs. 
In case that Uu transport delay is close to 100 ms e.g. via DL broadcast and HO execution time is close to 40 ms, only 60% of messages would be delivered to receiving UEs within 100 ms, assuming that UL/DL transmissions are 100% perfect. It is assumed in SA1 TR [3] that the minimum radio layer message reception reliability (i.e. probability that the recipient gets it within 100ms) is 80% in freeway and 90% in suburban and urban cases. Thus, UE in handover cannot meet the latency requirement for V2V service. It would become severe in particular when a vehicle generates an event-triggered V2X message e.g. DENM which may be triggered by a car accident. 
Observation 8: Vehicular UEs will experience frequent handovers and cell resections.

Observation 9: When a V2X message is transmitted in uplink and received in downlink (especially via broadcast mechanism), it will be frequently delayed or dropped due to handover in which UE cannot meet the latency requirement for V2V service.
2-2) Latency and service interruption of V2X message delivery due to HOF or RLF
Handover failure and radio link failure will additionally contribute to latency of V2X message delivery, because UE cannot transmit a message in uplink during handover and connection re-establishment and even after going to RRC_IDLE. When UE generates a V2X message just before receiving handover command, it fails to transmit the message at a source cell. Then, UE needs to delay transmission of the V2X message until connection re-establishment successfully completes at a cell or even until NAS recovers the connection (i.e. a new connection establishment for NAS recovery). Thus, actual latency of V2X message delivery needs to involve re-establishment latency and possibly new connection establishment for NAS recovery for our study as shown in Figure 2. Otherwise, whenever UE performs handover, V2X message delivery could fail due to latency.
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Figure 2-2: Latency of V2X message delivery including handover failure and connection re-establishment which may be followed by NAS recovery
We analysed how frequently handover failure occurs in evaluation scenarios defined in RAN1 [4] based on evaluation methodology in [5]. Our simulation result is shown in Table 1-2.

Table 2-2: Handover failures for vehicular UEs in V2X evaluation scenarios
	
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

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

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

	HOFs/UE/s
	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


The result in Table 1-2 shows that vehicular UEs are vulnerable to more frequent handover failures because all vehicles are usually in high speed. For instance, vehicular UEs driving on the freeway in 140 km/h will experience handover failure every 18.6 or 21.1 seconds in average. It means that delay of V2X message delivery will frequent happen due to handover failures for vehicular UEs. 

Observation 10: Vehicular UEs are vulnerable to more frequent handover failures which will cause frequent occurrences of connection re-establishments.
Observation 11: When a UE in RRC_CONNECTED transmits V2X messages in UL by using unicast, V2X message delivery over Uu transport can be frequently delayed or dropped due to handover failure and radio link failures in which UE cannot meet the latency requirement for V2V service.

Handover failures will cause interruption of V2V service so that generated V2X messages will be dropped until competition of connection re-establishment or a new connection establishment after going to RRC_IDLE. We calculated the V2X message drop rate for each case and UE speed considering HOF rates in Table 2-2 according to the following equation:
V2X Message Drop Rate =  ( NHOS ⅹ HOS% + NHOF ⅹ HOF% ) / NTOS
wherein NTOS is the number of generated V2V messages during ToS at a cell, NHOF is the number of dropped V2V messages due to handover failure, NHOS is the number of dropped V2V messages during successful handover, and HOF% is the handover failure rate in Table 2-2 while HOS% is the handover success rate equal to (1 - HOF%). It is assumed in this equation that message drop occurs only due to handover and handover failures.
The result of our analysis is shown in Table 2-3. It is assumed in our analysis that only 60% of messages is delivered to receiving UEs within 100 ms assuming that UL/DL transmissions are 100% perfect, Uu transport delay is close to 100 ms e.g. via DL broadcast and HO execution time is close to 40 ms. Hence, NHOS is set to 0.4. The interruption time due to connection re-establishment or a new connection establishment is set to 300 and 500 ms in which case NHOF is set to 3 and 5 respectively. 
Table 2-3: V2X message drop rate for V2V service in Scenario 2 with downlink broadcast
	(HO interruption = 40 ms, HOF interruption = 300 or 500 ms)
　
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

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

	Message drop rate (%)
(HOF Interruption = 300 ms)
	0.18
	0.85
	0.44
	1.07
	0.94
	2.20

	Message drop rate (%)
(HOF Interruption = 500 ms)
	0.19
	1.09
	0.55
	1.52
	1.25
	3.17


Table 2-3 shows that message drop rate in the Freeway case (Option 2) for 140 km/h speed is relatively higher than the others. The message loss rates in Table 2-3 should be considered when we discuss actual Packet Reception Ratio. For instance, Table 1-5, 1-6 and 1-7 do not consider message drop due to mobility. Thus, if we consider message drop due to mobility, the result of PRR in those tables will further decrease.
Observation 12: Message drop rate increases due to frequent handover, connection re-establishment and connection establishment, particularly in the Freeway case (Option 2) for 140 km/h speed.
According to SA1 TR [3], cumulative transmission reliability is 96 % in freeway and 99% in urban. Since interruption time after RLF and HOF is long e.g. a few hundreds of milliseconds, connection re-establishment and connection establishment will cause several messages to be consecutively dropped. Hence, it is observed that UEs in connection re-establishment and connection establishment cannot meet this requirement. Frequent handover failures and connection (re-)establishments will increase not only the message drop rate but also the number of consecutive dropped messages.

In addition, it is obvious that frequent handover and (re-)establishments will increase signalling overhead at a cell e.g. measurement report, handover procedure, connection (re-)establishment. 

Observation 13: Frequent handover failures and connection (re-)establishments will also increase the number of consecutive dropped messages and signalling overhead at a cell.
2-3) Unicast latency over Uu in Scenario 2 and 3
In [2], RAN2 defined Scenario 2 (S2) and Scenario 3 (S3) which involves Uu transport for the study on V2V services. If we assume that a V2X message is transmitted between two UEs in RRC_CONNECTED over a unicast bearer for both UL and DL in S2, latency of message delivery is close to about 50 ms [4]. Assuming that there is no mobility, latency requirement will be likely met in S2. However, it is not the case at all times because we need to consider vehicular UEs in S2. Thus, we could conclude that if both a transmitting UE and a receiving UE communicates in RRC_CONNECTED by using unicast in both UL and DL, V2X message delivery between those UEs can meet the latency requirement in Scenario 2 while both UEs are not in handover or re-establishment.
Observation 14: If both a transmitting UE and a receiving UE communicates in RRC_CONNECTED by using unicast in both UL and DL, V2X message delivery between those UEs can meet the latency requirement in Scenario 2.

2-4) DL broadcast latency in Scenario 2 and 3
As described in SA1 TR [3], V2V is predominantly broadcast-based. Using broadcast mechanism in downlink is interesting for support of V2X services. The study on broadcast mechanism in downlink is also one of the objectives in our SID [1]. 

If we assume that a V2X message is transmitted by UE in RRC_CONNECTED over unicast in UL and received over MBSFN in DL for S2, average latency of message delivery is equal to 100 ms in average [5] but maximum latency is more than 100 ms [4]. Since V2X latency requirement is 100 ms in maximum, we could conclude that MBMS cannot meet the latency requirement in S2. It is also obvious that MBMS cannot meet the latency requirement in S3 as well.

Instead of MBMS, SC-PTM could be alternatively used for downlink broadcast of V2X messages. Even though value ranges of RRC parameters are not fixed for SC-PTM, it seems likely that SC-PTM can further reduce latency in downlink broadcast. For example, SC-PTM scheduling period could be reduced to 20 ms and so SC-PTM could meet the latency requirement in S2. However, handover and failure cases will additionally contribute to latency of V2X message delivery in S2. Thus, we could conclude that if a UE in RRC_CONNECTED transmits a V2X message in uplink and a UE receives it in downlink, V2X message delivery between those UEs can meet the latency requirement in Scenario 2 while UEs are not in handover and re-establishment. Meanwhile, it seems likely that SC-PTM cannot meet the latency requirement in S3. 

Observation 15: MBMS cannot meet the latency requirement in Scenario 2 and 3 while SC-PTM cannot meet the latency requirement in Scenario 3.

Observation 16: If a UE in RRC_CONNECTED transmits a V2X message in uplink and a UE receives it in downlink, V2X message delivery between those UEs may meet the latency requirement in Scenario 2 while UEs are not in handover and re-establishment.
Challenges and potential enhancement areas for Uu V2V
Considering that V2V service is mostly based on broadcast and it is too challenging to transmit all periodic V2X messages to all vehicles only via unicast bearers in downlink for V2V service in terms of capacity, it is interesting to study broadcast mechanism because broadcast mechanism could provide resource efficiency in downlink transmission of V2X messages. Using broadcast mechanism is also interesting to us for support of V2I and V2P service.
As we know, MBMS is currently specified from Rel-9 and SC-PTM is to be specified in Rel-13 as broadcast mechanism. Performance of MBMS and SC-PTM is analysed in Table 1-5, 1-6 and 1-7 in this document, but it is observed that in terms of Packet Reception Ratio, both MBMS and SC-PTM performances are not sufficient for support of V2V service in Scenario 2 and 3A, particularly in urban cases. 
Accordingly, it is challenging to support V2V service via MBMS and SC-PTM in terms of capacity. We propose to enhance performance of downlink broadcast transmission to support V2V service during the study.
Proposal 1: It is challenging to support V2V service via MBMS and SC-PTM in terms of capacity. We propose to enhance performance of downlink broadcast transmission for V2V service during the study.
It is interesting to see the results in Table 1-5, 1-6 and 1-7. As described in Appendix B in this document, all the cells in a cluster (i.e. 7 cells in the urban case) transmits the same signal in the MBMS case, so inter-cell interference disappears within each cluster. On the other hand, those cells in a cluster transmits difference signal and there is inter-cell interference in the SC-PTM case although the cells in a cluster actually transmit the same message. Hence, MBMS outperforms SC-PTM in both Scenario 2 and 3A in terms of PRR.
Nevertheless, both MBMS and SC-PTM are not sufficient to support V2V service as we discussed above. Thus, we need to enhance performance of the existing broadcast mechanisms. We think that it is important to have synchronous broadcast transmission among a small number of cells for V2V service in order to avoid inter-cell interference. However, we also think that it is beneficial to broadcast on PDSCH which has 30% more efficiency than PMCH in terms of physical layer overhead.
Thus, we propose to study synchronous broadcast based on PDSCH which is further discussed in our contribution to RAN1 with initial performance analysis [11]. The initial result shows that synchronous broadcast based on PDSCH outperforms MBMS and SC-PTM because it will achieve MBSFN combining gain and less overhead on PDSCH than PMCH. 
Proposal 2: We propose to study synchronous broadcast of V2X messages based on PDSCH which is further discussed in [11].
In addition, we observed that MBMS cannot meet the latency requirement in Scenario 2 and 3 while SC-PTM cannot meet the latency requirement in Scenario 3. We propose to study reduction of latency over Uu transport especially for downlink broadcast mechanisms.
Proposal 3: We propose to study reduction of latency over Uu transport especially for downlink broadcast mechanisms.
According to our analysis in this document, vehicular UEs will experience frequent handovers and cell resections and vehicular UEs are vulnerable to more frequent handover failures. It is mostly because all vehicular UEs are moving and they mostly move faster than normal UEs in V2X environment. As we observed in section 2-1 and 2-2, frequent handover failures and connection (re-)establishments will increase message drop rate and the number of consecutive dropped messages at a cell. It is therefore challenging to timely transmit V2X messages in uplink due to frequent HOFs/RLFs for UEs in high mobility.
We think that it is beneficial to study uplink transmissions that UEs can perform while they move across cells or without tight RRC connection considering that V2X message transmissions need not be based on one-to-one connectivity, i.e. connectionless transmission. It seems also beneficial to improve mobility with less overhead for UEs in high mobility.
Proposal 4: It is challenging to timely transmit V2X messages in uplink due to frequent HOFs/RLFs for UEs in high mobility. We propose to enhance uplink transmissions considering high mobility and frequent connection failures for V2V service.
Conclusion

In conclusion, we initially analysed capacity, latency and service interruption, and discussed challenges and potential enhancement areas for support of V2V services over Uu transport. It is proposed to agree the following observations, challenges and proposals for the study and to capture the followings and the results of capacity/latency analysis in the TR:
Observation 1: Uplink capacity is not a bottleneck for periodic message delivery in V2V service.
Observation 2: Due to lack of downlink capacity, it is too challenging to transmit all periodic V2X messages to all vehicles only via unicast bearers in downlink for V2V service in urban and freeway case (Option 1).
Observation 3: In terms of Packet Reception Ratio, neither MBMS nor SC-PTM performance is sufficient for support of V2V service in Scenario 2 and 3A, particularly in urban cases. 

Observation 4: In terms of Packet Reception Ratio, MBMS outperforms SC-PTM in both Scenario 2 and 3A.

Observation 5: When UEs uses both sidelink and downlink to receive V2X messages, reception performance will increase for V2V service.
Observation 6: It is beneficial that eNB overhears sidelink transmissions to broadcast in downlink or the UE type RSU transfers sidelink transmission to eNB in uplink.

Observation 7: In terms of Packet Reception Ratio, both uplink and sidelink cannot share the same uplink carrier in particular in urban cases.
Observation 8: Vehicular UEs will experience frequent handovers and cell resections.

Observation 9: When a V2X message is transmitted in uplink and received in downlink (especially via broadcast mechanism), it will be frequently delayed or dropped due to handover in which UE cannot meet the latency requirement for V2V service.

Observation 10: Vehicular UEs are vulnerable to more frequent handover failures which will cause frequent occurrences of connection re-establishments.
Observation 11: When a UE in RRC_CONNECTED transmits V2X messages in UL by using unicast, V2X message delivery over Uu transport can be frequently delayed or dropped due to handover failure and radio link failures in which UE cannot meet the latency requirement for V2V service.

Observation 12: Message drop rate increases due to frequent handover, connection re-establishment and connection establishment, particularly in the Freeway case (Option 2) for 140 km/h speed.

Observation 13: Frequent handover failures and connection (re-)establishments will also increase the number of consecutive dropped messages and signalling overhead at a cell.
Observation 14: If both a transmitting UE and a receiving UE communicates in RRC_CONNECTED by using unicast in both UL and DL, V2X message delivery between those UEs can meet the latency requirement in Scenario 2.

Observation 15: MBMS cannot meet the latency requirement in Scenario 2 and 3 while SC-PTM cannot meet the latency requirement in Scenario 3.

Observation 16: If a UE in RRC_CONNECTED transmits a V2X message in uplink and a UE receives it in downlink, V2X message delivery between those UEs may meet the latency requirement in Scenario 2 while UEs are not in handover and re-establishment.
Proposal 1: It is challenging to support V2V service via MBMS and SC-PTM in terms of capacity. We propose to enhance performance of downlink broadcast transmission for V2V service during the study.

Proposal 2: We propose to study synchronous broadcast of V2X messages based on PDSCH which is further discussed in [11].
Proposal 3: We propose to study reduction of latency over Uu transport especially for downlink broadcast mechanisms.
Proposal 4: It is challenging to timely transmit V2X messages in uplink due to frequent HOFs/RLFs for UEs in high mobility. We propose to enhance uplink transmissions considering high mobility and frequent connection failures for V2V service.
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Appendix A. Simulation assumptions for handover performance evaluation

Simulation assumptions are based on those in [7]. 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 [10] 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)

	Physical channel format for multi-cell coordinated multicast/broadcast
	Rank 1 PDSCH using port 7 with RB-level random precoding

	RSU deployment
	One RSU at every intersection in Urban case

	Channel model for RSU
	Model for V2V evaluation is reused except 10 m antenna height of RSU.


Figure A1 shows the corresponding broadcast transmissions in the hexagonal cell layout in our evaluation for urban case. Here, the cells in the same color constitute one cluster in which all the cells transmit the messages generated in the center cell of the cluster. We note that all the cells in a cluster transmits the same signal in the MBMS case, so inter-cell interference disappears within each cluster. On the other hand, cells in a cluster transmits difference signal and there is inter-cell interference in the SC-PTM case although the cells in a cluster actually transmit the same message. By following the operation in Figure 2, a cell transmits message generated in it in one subframe out of a set of 7 subframes; it transmits messages generated in neighboring cells in the remaining 6 subframes of the set.
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Figure A1: An example of multi-cell broadcast for V2X in the hexagonal cell layout (Urban case)
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