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1. Introduction
In this contribution, we discuss resource structure enhancements for PC5-based V2V operations. 
2. Discussions
2.1. Limitation in Rel. 12/13 D2D resource structure for V2V operations
To meet end-to-end latency requirement of V2X, reusing the scheduling assignment based data transmission in rel. 12/13 may be inefficient. If a UE misses one SA pool when reusing rel. 12/13 D2D for PC5-based V2V, e.g., when the UE enters the target range of a certain transmitter just after the SA pool, the UE will lose all the message transmissions in the SA period. In addition, since a UE is allowed to transmit SA only when it has some data to transmit in the current D2D specifications, it should wait until the next SA period if a new message is generated after an SA pool. These problems may be alleviated to some extent if the shortest SA period, i.e. 40ms, is used, but this will eventually increase the control signaling overhead. 
Another problem of rel. 12/13 D2D resource structure is the fixed resource size during a SA period. In rel. 12/13 D2D, resource size and repetition number of each MAC PDU for one SA period should be fixed. However, in V2V operation, as we agreed in RAN1 #82, message size could be changed over time; one 300-byte message followed by four 190-bytes. If rel. 12/13 D2D resource structure is reused for V2V operation, some large size message may not be delivered due to the fixed resource size or too much resource will be reserved if all resource size is reserved for the large size message. Therefore, rel. 12/13 D2D resource structure is not efficient for V2V operation. 
Observation 1: Rel. 12/13 D2D communication resource structure has the following limitations for PC5-based V2V operation,

1) Additional latency is occurred when a message is generated after an SA pool
2) Fixed resource size within a SC period may not be efficient for variable V2V message size in time. 
2.2.  Enhancement on resource structure for V2V operation
To meet latency requirement of V2V, each UE should be able to start to transmit and receive data at any time. The motivation of SA based data transmission is reduce the power consumption of receiver UE, but vehicle has more freedom for battery consumption issue since car usually has significant capacity of battery. Therefore, it could be assumed that receiver vehicle UE can monitor all subframes and transmitter UE can transmit data at any subframe(s). To implement this feature, SA pool can be overlapped with data pool in time domain. Also it is not desirable that SA dedicated subframe is allocated to reduce control channel overhead. In other words, SA resource can be multiplexed with data resource in frequency domain. In single UE perspective, SA and Data transmissions can occur at any subframes within a resource period. In this operation, control information (SA) to deliver (time/frequency) resource allocation, MCS, power, priority indicator, repetition number and etc. can be transmitted with data in the same subframe. This will reduce channel access latency significantly compared with rel. 12/13 SA and data resource pool structure. 
Fig. 1 shows an example of the proposed resource structure. It is assumed that each UE transmits control information for transmitted data with its first data transmission after reading other UE’s control information within a predetermined window size in order to implement the collision avoidance principle discussed in [1]. In this figure, UE #3 and #4 avoid the reserved resources by other UEs via reading control information of UE #1 and #2 within the window. We note that zero processing delay between window and control transmission is assumed in this figure. Also note that the control information can be transmitted in any subframe, but frequency resource for transmitting control information can be limited in (pre)configured resources to reduce blind decoding complexity of UE. Further detailed resource allocation operation for collision avoidance is discussed in our companion contribution [1].  
Proposal 1: In single UE perspective, SA and its data can be transmitted in a same subframe.
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Fig. 1 an example of enhanced UE-autonomous resource allocation
When SA and its data can be transmitted in a same subframe, two options can be considered as illustrated in Fig. 2. The first option is contiguous SA and data resource allocation in frequency domain and the second option is non-contiguous SA and data resource allocation. 
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Fig. 2 Two options SA and Data simultaneous transmission
The option 1 is better for following reasons:
1) Less inband emission interference: If a UE transmits non-contiguous SA and its data in a subframe, each of SA and data will cause EVM shoulder inband emission interference to other UEs. 

2) Less control channel overhead: For resource allocation indication, starting RB and end RB indications are needed for typical SC-FDM signal. However, for option 1 starting RB of data can be implicitly derived from SA RB location. 
3) Less PAPR/CM: Fig. 3 shows PAPR comparison between OFDM, SC-FDM, multi-cluster SC-FDM option 1(1RB SA + Data contiguous allocation), and multi-cluster SC-FDM option 2(1RB SA + Data non-contiguous allocation). Option 1 has less PAPR than option 2. 
Proposal 2: When SA and its data can be transmitted in a same subframe, contiguous SA and Data resource allocation in frequency domain is supported for V2V operation. 
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Fig. 3 PAPR comparison between OFDM, SC-FDM, multi-cluster SC-FDM option 1(1RB SA + Data contiguous allocation), and multi-cluster SC-FDM option 2(1RB SA + Data non-contiguous allocation) 
3. Conclusion
This contribution discussed resource structure for PC5-based V2V. Based on the discussions, the following observation and proposals were made:

Observation 1: Rel. 12/13 D2D communication resource structure has the following limitations for PC5-based V2V operation,

1) Additional latency is occurred when a message is generated after an SA pool
2) Fixed resource size within a SC period may not be efficient for variable V2V message size in time. 
Proposal 1: In single UE perspective, SA and its data can be transmitted in a same subframe.
Proposal 2: When SA and its data can be transmitted in a same subframe, contiguous SA and Data resource allocation in frequency domain is supported for V2V operation. 
______________________________________________________________________
Reference

[1] R1-155415, “Discussion on resource allocation for PC5-based V2V”, LG Electronics.
[image: image4.png]


[image: image5.png]



PAGE  
4

