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1. Introduction
[bookmark: _Ref178064866]In RAN #72, a new WI on LTE-based V2X services [1] was approved. One of the objectives of this WI is to specify enhancements to PC5/Uu for V2X, including the support of QoS depending on the outcome of SA2 work: 
	5)  To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) [bookmark: _GoBack]Support of QoS depending on the outcome of SA2 work [RAN2, RAN3]
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]



In this contribution, a communication resource set design with message forwarding method for the support of QoS in V2V communication is discussed. 
2. Discussion
Vehicle-to-everything (V2X) communication technology is the passing of information from a vehicle to any entity that may affect the vehicle, e.g., pedestrian and infrastructure, and vice versa [2]. Due to the high traffic load and the mobility feature of vehicles, the quality-of-service (QoS) of V2X communication is essential. 
Vehicle-to-vehicle (V2V) communication is shown in Figure 1. Based on LTE assistance, 3GPP has studied some enhancements to device-to-device (D2D) communication to meet the requirements of V2V communication. However, there are still some issues to be solved.


Figure 1: V2V communication

2.1 Issues in V2V communication
2.1.1 Half-duplex issue
LTE-based V2X can be based on Uu or PC5 interface. For the latter, V2X is developed based on D2D technique. In 3GPP meetings, it has been agreed that enhancements to the sidelink in D2D are necessary to facilitate V2X communications. Note that in Rel-12 and Rel-13, D2D communication operates in the half-duplex mode, i.e., UE cannot transmit and receive messages simultaneously. Hence, such reception blockage under half-duplex operation also becomes an issue in V2X. Due to the half-duplex issue, concurrent transmitting UEs cannot receive warning messages sent by other UEs, which could lead to safety problems, such as car crash.
Observation 1 Half-duplex is a critical issue for V2V performance.

2.1.2 Limited transmission range issue
Due to limited transmission power at each UE and fading of the propagation environment, the transmission range of each UE is limited. Furthermore, the transmission range of a UE is related to the receiving power of a receiving UE at a certain position, which directly affects the quality of V2V communication. Moreover, in some cases, it is preferable that a UE could transmit messages to other UEs beyond its direct communication range, so that more UEs can be informed and take actions in a timely fashion. 
Observation 2 Limited transmission range is also an issue of meeting the QoS requirement of V2V communication. 

To better understand the half-duplex issue and the limited transmission range issue stated above, and the problems that these two issues may cause, one example illustration is shown in Figure 2. In Figure 2, all red cars transmit in the same transmission time interval (TTI) and all blue cars transmit in a different TTI from the red cars. As can be seen from Figure 2, some communication links may fail due to concurrent transmissions by different UEs and long distances between some UEs. In this contribution, we aim to solve the link failure problem existing in V2V one-to-multiple communication by communication resource set design with message forwarding.










Figure 2: link failure problem in V2V operation


2.2 Communication resource set design with message forwarding
2.2.1 Communication resource set design
As stated above, in D2D, UE transmissions use half-duplex mode, causing message reception failure and leading to potential communication reliability problems. A similar half-duplex issue also exists in V2V. For V2V communication, latency requirement is even more stringent, especially for vehicles with emergency, e.g., 100ms for forward collision warning [3]. Enhancements to address the half-duplex issue have also been discussed in [4], [5]. If the communication resource set of UEs is not carefully designed, the latency requirement probably cannot be satisfied. In this contribution, it is proposed that an eNB first assigns group indices to all UEs under coverage according to some design criterion in order to improve message communication reliability with low latency and extend the communication range as well. Then, the transmission intervals for different UE groups are designed to ensure that UEs in one group to transmit in different TTIs from UEs in other groups. Hence, UEs in one group at least can receive messages from UEs in other groups. 
The details of the method are illustrated as follows:
In this proposal, UEs are assigned to N different groups according to group indices assigned by eNB. The eNB assigns group indices to UEs according to some predetermined criterion, e.g., different UEs are evenly distributed in the area, based on the location information received from UEs. In each group, there are two types of UEs, namely, normal UEs and emergent UEs. Each UE enters the coverage area of an eNB as a normal UE, and becomes an emergent UE when an emergent event happens. Communication resource sets are designed such that UEs in different groups transmit and/or forward messages in different TTIs. 
For each group, every emergent UE transmits its emergent message in every transmission TTI until the emergency dismisses (then it becomes a normal UE), and every normal UE transmits its periodic normal message in some TTIs which have a longer period. In each transmission TTI of emergent UEs in which normal UEs do not transmit their periodic normal messages, normal UEs can be in either receiving mode or message forwarding mode for forwarding emergent messages for other UEs, which is referred to as the optional message forwarding mode. If a UE receives an emergent message from another UE, it forwards this emergent message in its next transmission TTI or optional message forwarding TTI. Note that each UE can transmit its own message and forward emergent messages for other UEs in broadcast mode simultaneously. 

Example (N = 2): 
When N = 2, the communication resource set design is illustrated in Figure 3. When N = 2, UEs are assigned by eNB to 2 groups, namely, Group 1 and Group 2, according to some predetermined criterion. For each group, there are emergent UEs and normal UEs. Group 1 UEs can transmit/forward messages in odd TTIs and are in the receiving mode in even TTIs. Group 2 UEs can transmit/forward messages in even TTIs and are in the receiving mode in odd TTIs. Specifically, as shown in Figure 3, emergent UEs transmit/forward emergent messages in dark red TTIs; normal UEs transmit normal messages in dark red TTIs which have a longer period, and forward emergent messages received (if any) in light or dark red TTIs. If a UE receives emergent messages from other emergent UEs in any receiving mode, it forwards these emergent messages in the next TTI, either in the transmission TTI or in the optional message forwarding TTI. Moreover, if the UE has its own message to transmit, it transmits its own message and forwards the emergent messages for other UEs simultaneously using message forwarding scheme. 
Proposal 1   UEs can be configured into multiple groups, and transmission intervals for UEs in different groups can be designed to be interleaved. 

[image: ]
Figure 3: Sample communication resource set for N = 2


To show the benefits of the proposed scheme, we provide comparisons on the latency bound with the legacy LTE communication system and the schemes in prior arts [4] and [5] in the following:

	Example
· Legacy LTE communication (Uu interface): 2*(10+20) = 60 ms
· According to [6], the scheduling request needs 10ms and the backhaul delay is 20ms. The coefficient 2 means both uplink and downlink are considered. 
· Schemes in prior arts [4] and [5] (PC5 interface): N-1 ms (N is the number of UEs in the interested area)
· When a UE has an emergent event, this UE may not be in the transmission mode. The worst case is that the UE was in the transmission mode just in the last TTI, so this UE will need to wait for N-1 TTIs to be in the transmission mode again.  
· Proposed scheme (UEs are assigned to two groups, PC5 interface): (2+3)/2 = 2.5 ms
· Case 1: the emergent UE is in the transmission mode when an emergent event happens, so it needs 1 TTI to transmit its emergent messages to UEs in another group, and 1 more TTI for the UEs in another group (which received the emergent message in the last TTI) to forward this emergent message to UEs in the same group as the emergent UE. So 2 TTIs are needed in total.
· Case 2: the emergent UE is in the receiving mode when an emergent event happens, so compared to Case 1, it needs one more TTI to be in the transmission mode. So 3 TTIs are needed in total;
· Case 1 and Case 2 have equal probability 1/2. 



According to [3], the latency should be less than 20ms in pre-crash sensing warning case. We can clearly see from above that the legacy LTE communication and the schemes in prior arts [4] and [5] (when UE density is high, i.e., N is large) cannot satisfy this stringent latency requirement; while the proposed scheme can. 


2.2.2 Message forwarding schemes
For the emergent message forwarding stated above, it can use two schemes, namely, with collision avoidance and without collision avoidance. The message forwarding scheme is predetermined according to the use case and informed by the eNB to all UEs when UEs enter its coverage. Thereafter the UEs can forward messages according to the selected scheme.
Specifically, in the message forwarding with collision avoidance scheme, when the UE receives the emergent message, it decodes and records the resource carrying this message, then it forwards the emergent message using the same resource and transmit its own message using another unoccupied resource. A network configurable parameter is used to indicate how many times a message can be forwarded. More specifically, each message has an embedded counter, which increments/decrements each time the message is forwarded. Note that the receiver will not forward a message that has already been forwarded enough times. In this way, the message transmission can achieve multipath diversity, and each message can be transmitted to more UEs (due to the extended transmission range) with a high reliability.
While in the message forwarding without collision avoidance scheme, each UE transmits its own message and forwards messages for other UEs via some randomly selected resources (one resource for one message) from the assigned resource pool. In this way, although the message transmission may face more collisions compared to the last scheme, the message transmission using this scheme can achieve macro diversity. 
Proposal 2   The emergent message can be forwarded using either with or without collision avoidance scheme. 

2.2.3 Communication resource set design application
The communication resource set design method stated above can be applied to both scheduling assignment (SA) and data transmissions. Here, we provide communication resource set designs for two multiplexing schemes of SA and data, namely, time-division multiplexing (TDM) and frequency-division multiplexing (FDM).
TDM of SA and data is utilized in current standard on D2D. Using the communication resource set design proposed in this contribution, the structure of SA and data using TDM is depicted in Figure 4. In particular, SAs of each group are selected from the SA pool according to the communication resource set design proposed in this contribution. After successfully decoding SA, a UE can know the time and frequency locations of data transmissions which also follow the communication resource set design proposed in this contribution. 
[image: ]
Figure 4: TDM of SA and data

It has been agreed in 3GPP meetings that SA and data can be in a FDM structure. Using the communication resource set design proposed hereby, the structure of SA and data using FDM is depicted in Figure 5. In particular, using FDM, SA and data can be transmitted in the same TTI [7] and in adjacent subcarriers. In this case, both SA and data resources are selected according to the communication resource set design proposed in this contribution. 
[image: ]

Figure 5: FDM of SA and data

Proposal 3   The communication resource set design method can be applied to both SA and data transmissions.  

Conclusion
The following has been observed:
1. Half-duplex is a critical issue for V2V performance.
1.  Limited transmission range is also an issue of meeting the QoS requirement of V2V communication. 
The following has been proposed:
Proposal 1	UEs can be configured into different groups, and transmission intervals for UEs in different groups can be designed to be interleaved. 
Proposal 2	The emergent message can be forwarded using either with or without collision avoidance scheme. 
Proposal 3       The communication resource set design method can be applied to both SA and data transmissions.  
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