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1 Introduction

The following agreement was made in RAN#83 Anaheim meeting [1]:

The following resource allocation principles are deemed necessary for PC5-based V2V:
· Scheduling assignment

· Each data transmission is scheduled by an SA. A UE knows at least time and frequency location of data transmission(s) after decoding the associated SA.
· FFS the indication is implicit, explicit, or both
· If SA and the associated data from a single transmitter is transmitted in different subframes:
· FFS details
· If SA and the associated data from a single transmitter are transmitted in the same subframe:
· Q: Is it possible to support the case where data transmission in a subframe occurs without associated SA transmitted in the same subframe?
· Alt 1: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):

· RAN1 assumes that RAN4 will study the proper transmission characteristics (e.g, MPR) to support this.
· FFS whether SA and data transmissions in the same subframe are always adjacent in the frequency domain.
· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· Alt 2: A single DFT precoding applies to SA and data transmitted in the same subframe.
· The whole bandwidth is divided into one or multiple sub-channels. 
· The transmission bandwidth of SA/data is fixed to the bandwidth of a single sub-channel.
· Alt 3: SA and data are TDMed within one subframe.
· The transmission bandwidth of SA is fixed.
· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

This contribution considers the possible schemes to support SA and data transmissions for V2V communication.
2 Transmission of SA and Data in Same Sub-Frame
There is a requirement for V2X communication that for particular usage (e.g., pre-crash sensing), the E-UTRA(N) should be capable of transferring V2X messages between two UEs supporting V2V Service with a maximum latency of 20 msec. (See CPR-015 in [2]).  In D2D communication, the scheduling assignment (SA) sent in PSCCH and data sent in PSSCH are time multiplexed in separate pools. The shortest SC period is 40 msec, which does not meet the requirement for V2V. 
At least for such low latency communication, it is important to consider SA and data transmission in the same sub-frame, esp. given that not all sub-frames may be available for V2V communication, in case it is shared with uplink or in TDD carrier. There can be multiple ways of multiplexing SA and data in the same sub-frame, as discussed in the RAN#83 meeting, which are discussed below. In all proposed options, the SA is of a fixed size and is in a fixed location for the UE to locate and decode easily.  
Proposal 1: SA and associated data should be transmitted in the same subframe for V2V communication so as to satisfy the latency requirement.
Alt 1: FDM: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):
A configurable but fixed portion of the resource pool frequency resources (PRBNum) can be allocated for SA. UEs are scheduled in both time and frequency in the SA portion of the resource pool.  The SA may be repeated in time for solving the half-duplex issue and for improving reliability, where the repetition location of the SA may be implicitly derived based on the time/frequency location of the first SA transmission. Each SA can schedule the associated data in the same sub-frame, which can be explicitly indicated in the SA. The reason for the explicit indication is that the data length can be variable, based on the message size (such as 190/300/800 bytes) and the modulation and coding scheme used (such as QPSK/16-QAM, rate 0.5/0.7 etc.). 
The benefit of this approach is the scheduling flexibility available for the data, while the limitation of this approach is the need for non-contiguous SA and data transmission in frequency, which may increase the MPR.  While this issue may need further investigation from RAN4, vehicles may be able to support more transmit power. SA and data pools are separate in frequency – helping the Rx UE to look only in the SA frequency pool for reception. 
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Figure 1 : ALT-1 
Proposal 2:  If ALT-1 is supported, variable size data resource allocation is based on explicit scheduling in the SA 
Alt 2: FDM: A single DFT precoding applies to SA and data transmitted in the same subframe.
In this option, the resource pool frequency resources are split into multiple sub-bands for joint SA and data transmission, where each sub-band can be of fixed but configurable length. Each UE can be scheduled in a fixed region within the sub-band, occupying NSA-PRB resources.  The SA and data can be jointly transmitted within the sub-band with a single DFT precoding. The SA and data may be repeated in time for solving the half-duplex issue and for improving reliability, where the repetition location may be implicitly derived based on the time/frequency location of the first  transmission. Since the data length can be variable, based on the message size (such as 190/300/800 bytes) and the modulation and coding scheme used (such as QPSK/16-QAM, rate 0.5/0.7 etc.), rate matching is performed in order to ensure the entire sub-band is utilized. 
The benefit of this approach is that the SC-FDMA transmission MPR properties are satisfied.  However, there is less flexibility in utilizing the frequency resources for data transmission. 
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Figure 2: ALT-2
Proposal 3: If ALT-2 is supported, variable size data resource allocation is based on fixed subband allocation with rate matching 
Alt 3: TDM: SA and data are TDMed within one subframe.
Alt 3 is exemplified in Figure 3, where DMRS pattern for PUCCH format 2 is assumed. The first few symbols adjacent to the first DMRS symbol are used for SA transmission. SA can use the first DMRS symbol, for example, for demodulation and the rest of the SC-FDMA symbols within the subframe can be used for data transmission. If multiple SC-FDMA symbols are configured for SA, the SA modulation symbols can be mapped along time domain first. If one UE uses the first few SC-FDMA symbols of some PRBs for SA transmission, it should use the rest of the symbols of these PRBs for data transmission. In this case, the DMRS of SA can be used for the demodulation of these data REs, and the DMRS for data can also be used to enhance the channel estimation for SA. 
This alternative can avoid the MPR issue, which is beneficial especially for handhold UE in V2P scenario. Meanwhile it will not impact the flexibility of resource utilization. The drawback is that a new SA structure needs to be designed which may introduce design complexity. The SA need not be sent every sub-frame and can schedule data for multiple UEs across sub-frames.
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Figure 3 ALT-3
Proposal 4:  If ALT-3 is supported, the 1st few symbols in the sub-frame including DMRS symbols are used for SA transmission 
3 Transmission of SA and associated data across multiple sub-frames
This feature can be useful for periodic traffic transmission from the vehicle, where the latency and reliability requirements can be more relaxed to provide increased efficiency of resource utilization. There is a requirement for V2X communication that the E-UTRA(N) shall be able to support a high density of  UEs supporting V2X Service (See CPR-003 in [2]). There is also a requirement that the E-UTRA(N) shall be capable of transferring periodic broadcast messages between two UEs supporting V2X Services with variable message payloads of 50-300 bytes, not including security-related message component (See CPR-019 in [2]). For many V2V data services, the message sizes are usually stable and the inter-arrival time of transmission is constant (for example, the CAM messages are periodic with frequency of 1-10 Hz). The signaling overhead (PSCCH) can be a significant portion of the resource pools in order to support a large number of vehicles. So, it is important to allocate the resources with a single control grant and let the vehicle use these resources instead of re-allocating the resources periodically. To support this efficiently, semi-persistent scheduling support is desirable for V2V communication using SL. In this case, SA can schedule associated data across multiple sub-frames. The periodicity should be kept small for supporting high mobility cases. 
It is also possible that in certain cases such as TDM of SA and data in the same sub-frame, there may not be enough resources within a sub-frame to schedule all data transmissions. In this case, the SA should allow scheduling data across sub-frames as well.
Proposal 5: Add support for semi-persistent scheduling for V2V
4 Conclusions

	Approach
	Benefit
	Limitation

	ALT-1
	Scheduling flexibility
	MPR

	ALT-2
	Contiguous transmission
	Scheduling flexibility

	ALT-3
	low MPR, scheduling flexibility
	new SA structure 

	Multiple sub-frame
	Reduced SA transmissions
	Limited benefit in high mobility case


The following proposals are made:
Proposal 1: SA and associated data should be transmitted in the same subframe for V2V communication so as to satisfy the latency requirement.

Proposal 2:  If ALT-1 is supported, variable size data resource allocation is based on explicit scheduling in the SA 
Proposal 3: If ALT-2 is supported, variable size data resource allocation is based on fixed subband allocation with rate matching 
Proposal 4:  If ALT-3 is supported, the 1st few symbols in the sub-frame including DMRS symbols are used for SA transmission 
Proposal 5: Add support for semi-persistent scheduling for V2V
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