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1
Introduction

TSG RAN in RAN#73 completed WI “Support for V2V services based on LTE sidelink (work item description in RP-161894)” which specified the initial version of LTE sidelink enhancement, i.e., sidelink transmission modes 3 and 4, in the context of vehicle-to-everything (V2X). However, the corresponding outcome in the current specifications has the limitation that LTE Uu interface using uplink/downlink was not utilized and only vehicle-to-vehicle (V2V) services was considered in a limited operation scenario (e.g., use of only a single carrier in Band 47, only GNSS as synchronization source outside eNB coverage, etc.).

WI “LTE-based V2X services” (referred to as “this WI” throughout this document) started to further enhance LTE for better V2X services. This WI specifies enhancements required to enable V2X services with LTE uplink and downlink, to enable LTE PC5 interface using sidelink to support additional V2X services such as vehicle-to-pedestrian (V2P), and to support more operational scenarios for V2V services using LTE sidelink. To be specific, this WI considers the following as the main features:
· Uplink and sidelink enhancement to enable eNB to quickly change semi-persistent scheduling (SPS) in adaptation to a change in the V2X message generation pattern
· Introduction of shorter scheduling periods in downlink and sidelink for broadcasting V2X messages within latency requirements
· Introduction of an additional resource allocation procedure in sidelink mode 4 for power saving in pedestrian UEs

· Introduction of sidelink congestion control for operation in high traffic load
· Enhancement to sidelink synchronization for operation outside GNSS or eNB coverage

· Support of simultaneous V2X operations over multiple carriers
As a result of this WI, the LTE radio standard supports the two LTE V2X communication methods illustrated in Figure 1.
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Figure 1: V2X communication over PC5 interface and Uu interface
This document is the summary of outcomes of WI “LTE-based V2X services.” Documents related to this WI can be found in the reference section.

2
Description

This section provides a summary of the key functionalities whose motivation was introduced in Section 1.
· Uplink and sidelink SPS enhancements
An eNB can configure multiple SPS configurations each of which may have different parameters such as the resource period. The UE can report the assistance information to the eNB to indicate the expected message generation period, time offset, maximum message size, etc. The eNB can activate/release each SPS configuration based on the reported information. The same principle applies to uplink SPS for Uu-based V2X and sidelink SPS for PC5-based V2X. Figure 1 shows an example of using three SPS configurations with different resource periods.
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Figure 2: An example of using multiple SPS configurations in adaptation to V2X message generation changes.

· Shorter message transmission periods in downlink and sidelink
As the downlink transmission method for V2X messages, the network can use either per-cell multicast/broadcast transmission mechanism by Single Cell Point To Multi-point (SC-PTM) or multicast/broadcast transmission over multiple cells by Multicast/Broadcast Single Frequency Network (MBSFN). In order to provide sufficiently low latency for V2X services, shorter control and data periods are introduced for SC-PTM and MBSFN. Shorter message transmission periods are also introduced for sidelink and the minimum period of 20 ms can be supported.
· Additional procedure in sidelink transmission mode 4 for pedestrian UEs

Sidelink transmission mode 4 in the existing specification is based on continuous channel monitoring at each transmitter UE in order to reduce the probability of packet collisions, i.e., that two UEs transmit using the same time/frequency resources. This WI introduces an additional procedure for the resource selection in sidelink transmission mode 4 in order to reduce the power consumption of pedestrian UEs. Random resource selection is supported such that a pedestrian UE not having the sidelink reception capability can transmit its own V2X messages. Partial sensing is also supported, and the pedestrian UE can monitor the channel only in a subset of subframes as illustrated in Figure 3. Partial sensing can reduce the resource collision probability compared to the random selection but requires more power consumption. The eNB can control which resource selection procedure is used by the pedestrian UEs.
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Figure 3: Illustration of partial sensing.
· Sidelink congestion control

The UE measures the channel busy ratio (CBR) which denotes the portion of time/frequency resources in which strong signal is observed. Higher CBR will be typically measured when more UEs transmit more V2X messages in a given channel. Congestion control can adjust each UE’s transmission parameters such as transmit power and resource size based on the CBR measurement either in the centralized manner or distributed manner. In centralized congestion control, CBR measured at the UE is reported to the eNB, and the eNB can adjust the resource configuration appropriately, for example, by commanding each UE to lower the transmit power and resource size. In distributed congestion control, the UE adjusts its own transmission parameters within the allowed range which is a function of CBR measurement.
· Enhancement to sidelink synchronization using sidelink signals/channels

Sidelink transmission modes 3 and 4 in the existing specification can use either GNSS signal or the eNB signal as the synchronization reference, so no sidelink operation is possible when a UE cannot receive either signal. With this WI, a UE operating PC5-based V2X can transmit and receive sidelink synchronization signal (SLSS) which can be used as another type of synchronization reference in sidelink communications. Two UEs using the same SLSS as their synchronization reference can align their time and frequency references before transmitting and receiving V2X messages even when no GNSS signal or eNB signal is detected.
· Support of simultaneous V2X operations over multiple carriers
This WI extends the V2X operation scenarios by supporting simultaneous V2X operations over multiple carriers. In one scenario, a UE can operate Uu-based V2X in a carrier while operating PC5-based V2X in another carrier. In another scenario, a UE can operate PC5-based V2X simultaneously over two carriers. Tables 2 and 3 list the combinations of V2X carriers supported in this WI. This WI specifies a mechanism to determine the transmission power of each carrier based on the priority level. Such simultaneous V2X operations can be used to increase the maximum bandwidth of the V2X services or to support inter-PLMN operations where multiple operators provide V2X services over different carriers.
Table 1: V2X inter-band multi-carrier configurations 

	V2X multi-carrier Configuration 
	E-UTRA Bands
	Interface
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum bandwidth [MHz]

	V2X_3A-47A
	B3

(@1.8 GHz)
	Uu
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40

	
	B47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_7A_47A
	B7
(@2.6 GHz)
	Uu
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	B47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_8A-47A
	B8

(@900 MHz)
	Uu
	Yes
	Yes
	Yes
	Yes
	
	
	30

	
	B47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_39A-47A
	B39

(@1.9 GHz)
	Uu
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	47 
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_41A-47A
	B41
(@2.5 GHz)
	Uu
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	


Table 2: V2X intra-band multi-carrier configurations
	V2X multi-carrier Configuration
	Channel BW of carrier 1
	Channel BW of carrier 2
	Maximum aggregated BW [MHz]

	V2X_47A_47A
(@5.9 GHz)
	10
	10
	20
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