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Introduction
In this contribution we will focus on some issues on resource pool design. We discuss resource pool configurations to meet the latency requirement and to provide better reliability for V2V communication at PC5 interface. 
Resource pool configuration 
General considerations on resource pools
In RAN1#84, the following agreement was made on resource pool [1]: 
· SA pool and its associated data pool can be FDMed

In this document we consider only FDM multiplexing as with that it is easier to cope with the different BW requirements of PSCCH and PSSCH transmissions and it allows flexible time relations between SA and data transmissions.   
In addition, it was agreed in RAN1#84 that:
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· This does not preclude SA and its associated data transmission in different subframes
· FFS other details
· Option 2: Each SA transmission precedes all of its associated data transmissions.
· FFS the timing relation between SA and its associated data

We prefer Option 2. More specifically, if PSSCH message is transmitted in scheduling period n, the corresponding SA(s) are transmitted in scheduling period n-1, as illustrated in Figure 1. This allows transmission patterns to evenly occupy the data resource pool in time domain, which improves system level performance for V2V communication. A SA should include information on resource allocation for all the corresponding PSSCH transmissions in the next scheduling period.



Figure 1: Time relation of SA(s) and the corresponding data.
Proposal 1: For V2V communication on the PC5 interface, Option 2 is preferred. 

Multiplexing of urgent and delay tolerant messages
For V2V communication, most latency requirements are in the range of 100 ms or more for delay tolerant vehicular safety messages. The most strict latency requirement for V2X is 20 ms for urgent messages in the case of pre-crash warning, as mentioned in TR 22.885 [2]: 
[PR.5.12.5-001] The E-UTRA(N) shall be able to transfer V2V Service messages between two highly mobile UEs supporting V2V Service with less than 20 ms latency and high reliability.
For V2V communication, R12 D2D communication resource pool definition can be reused with enhancements. In R12 D2D, the periodicity of the pool configuration is configurable (40/80/160/320) ms. The minimum period of 40 ms, being less than 100/2=50 ms, would allow meeting the 100 ms latency requirements. To meet the 20 ms latency requirement, the period of 10 ms (or less than 10 ms) needs to be specified in standardization. Different periods can be configured for urgent and delay tolerant resource pools, e.g. 10 ms for urgent resource pools and 40 ms for delay tolerant resource pools. 

Proposal 2: Reuse R12 D2D communication resource pool definition for V2V communication, and specify 10 ms period for a resource pool to meet the 20 ms latency requirement. 

In order to provide reliable reception of the urgent PSSCH messages, orthogonal pools could be arranged for urgent and delay tolerant messages. However, that would lead to inefficient resource utilization because of the sporadic nature of the urgent messages. Therefore, to meet the different latency requirements and to use the resources efficiently we propose a system where the urgent and delay tolerant PSSCH messages are transmitted in overlapping pools but avoiding simultaneous urgent and delay tolerant transmissions (of different UEs). 
The principle is explained in Figure 2, where the blue blocks (40 sfs long) represent SA/data pools for delay tolerant messages and the red blocks (10sfs long) represent SA/data pools for urgent messages. Individual SA and data transmissions are shown by the small red and blue bricks for the urgent and delay tolerant messages, respectively. Thanks to the different scheduling periods for the urgent and delay tolerant messages, a UE that has scheduled transmission for delay tolerant data can mute its data transmission if that were to overlap in time with the transmission of an urgent message. In Figure 2, the muted delay tolerant transmission has been scheduled in the SA period preceding the ones shown in the figure but before transmitting according to its SA, the UE has observed later that an urgent message has been scheduled for the same subframe. By muting its data transmission, the UE avoids generating interference over the urgent message (by in-band emissions or direct resource collision) and, on the other hand, is able to receive the urgent message. 
Proposal 3: Specify overlapping PSSCH pools for urgent and delay tolerant messages but with different scheduling periods.
Proposal 4: UE mutes its PSSCH transmission if it finds out that an urgent message has been scheduled to the same subframe where it intended to transmit its delay tolerant message.         
  


Figure 2. Configuration with overlapping pools for urgent and delay tolerant messages.
The proposed system assumes that UEs are able to distinguish from SA if the SA is transmitted for urgent or delay tolerant message. One way is to specify orthogonal SA resources for urgent and delay tolerant messages, as shown in Figure 3. The disadvantage of such configuration is that it is not resource efficient to reserve dedicated SA resources for the sporadic urgent messages. A more resource efficient method is to include an indication bit in SA to indicate whether this SA is for urgent message or not. Then SA resource pools for urgent messages and delay tolerant messages can be overlapped, as already assumed for Figure 2. 
Observation 1: Assigning a dedicated SA resource pool for urgent messages is not resource efficient since urgent messages are sporadic.  
Proposal 5: To share a SA resource pool for urgent messages and delay tolerant messages, consider including an indication bit in SA to indicate whether this SA is for urgent message or not.



[bookmark: _GoBack]Figure 3: Resource pool configuration with dedicated SA resources for the urgent messages. The problem with this scheme is the inefficient resource use due to reservation of dedicated SA resources for the sporadic urgent messages. 


Conclusions
Based on the discussion above, we have the following observations and proposals:
Proposal 1: For V2V communication on the PC5 interface, Option 2 is preferred. 

Proposal 2: Reuse R12 D2D communication resource pool definition for V2V communication, and specify 10 ms period for a resource pool to meet 20 ms latency requirement. 
Proposal 3: Specify overlapping PSSCH pools for urgent and delay tolerant messages but with different scheduling periods.
Proposal 4: UE mutes its PSSCH transmission if it finds out that an urgent message has been scheduled to the same subframe where it intended to transmit its delay tolerant message.
Observation 1: Assigning a dedicated SA resource pool for urgent messages is not resource efficient since urgent messages are sporadic.  
Proposal 5: To share a SA resource pool for urgent messages and delay tolerant messages, consider including an indication bit in SA to indicate whether this SA is for urgent message or not.

References
[1]		3GPP RAN1#84 Chairman’s final notes
[2]		TR 22.885, “Study on service aspects for LTE-based V2X”, LGE
	


image1.emf
PSCCH

PSSCH

Scheduling period


oleObject1.bin
PSCCH


PSSCH


Scheduling period



image2.emf
10 sfs

40 sfs

sfs: sub-frames

frequency

10 sfs 10 sfs 10 sfs 10 sfs

40 sfs

10 sfs 10 sfs 10 sfs

SA

Data

PSCCH PSSCH

Muted PSSCH


oleObject2.bin
10 sfs


40 sfs


sfs: sub-frames


frequency


10 sfs


10 sfs


10 sfs


10 sfs


40 sfs


10 sfs


10 sfs


10 sfs


SA


Data


PSCCH


PSSCH


Muted PSSCH



image3.emf
10 sfs

40 sfs

sfs: sub-frames

frequency

10 sfs 10 sfs 10 sfs 10 sfs

40 sfs

10 sfs 10 sfs 10 sfs

SAs for urgent messages

Data

PSCCH PSSCH

SAs for delay tolerant

messages


oleObject3.bin
10 sfs


40 sfs


10 sfs


sfs: sub-frames


SAs for urgent messages


frequency


Data


10 sfs


10 sfs


10 sfs


40 sfs


10 sfs


10 sfs


10 sfs


PSCCH


PSSCH


SAs for delay tolerant
messages



