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1
Introduction
In this contribution we discuss resource pool definition for V2V using PC5. The contribution is organized as follows:

· Section 2 discusses resource pool definition for V2V
· Section 3 concludes the contribution
2
Resource Pool
Resource pool for D2D communication were defined in Release 12. The definition was reached after extensive discussions and can be used as a good starting point for defining PC5 for V2V. However to take into account the latency requirements of V2V communication and the enhancements being proposed for V2V some modifications are needed.
Proposal 1: Reuse the LTE-D2D communication resource pool definition with some modifications as specified below. 
We first propose that the maximum number of subframes over which data transmission of a MAC PDU occurs should be fixed to 2. This is supported by simulation results where the number of transmissions is usually fixed to 1 [3]. Note that UE is still allowed to transmit on a single subframe.

Proposal 2: Fix the maximum number of transmissions by a vehicle for a MAC PDU to 2. 
During RAN1#84bis the following agreement was achieved on resource pool relationship between SA and data pools. 

Working assumption: 

· In V2V, SA resource and data resource are always FDMed from system perspective

· If significant issues are found, can consider further supporting TDM
Agreement:
· A data pool is always associated with an SA pool.

· An RB of an SA pool in a TTI cannot be included in the associated data pool.

· An RB of an SA pool in a TTI cannot be included in another SA pool (if exists).

· Working assumption: At least an RB of a data pool in a TTI can be included in another data pool (if exists).

· An RB of an SA pool in a TTI cannot be included an un-associated data pool (if exists)
Furthermore the following agreements were achieved on relationship between SA and associated data transmission.

Agreement:
· The following two cases are supported:

· SA and the associated data are transmitted in the same TTI, 

· SA and the associated data are transmitted in different TTIs

· The scheduling timing between SA and associated data is variable
· In UE-autonomous resource selection mode, the timing is chosen by the transmitting UE from a configurable range
· In eNB-scheduling mode, the timing is determined by eNB
· SA includes information about the scheduling timing

· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)
Agreement:
· When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.
In our companion contribution we illustrate the need for having adjacent SA and associated data transmissions and for that a separate type of resource pool needs to be introduced where both SA and Data transmissions can occur and can be adjacent. For any SA and Data pool it should be indicated either by eNodeB or preconfigured whether there the SA and associated data transmissions can occur either on the same subframe in a potentially non adjacent manner, or on the same subframe in an adjacent manner, or on different subframes. Such configuration should not be left to UE implementation.
Proposal 3: For a SA and associated data resource pool it should be configured whether the SA and associated data transmission by a UE either occur on the same subframe in an adjacent manner, or occur on the same subframe in a non-adjacent manner, or occur on different subframes.
Let us first consider the case where SA and its associated data are transmitted on different subframe. While this is similar to Release 12 D2D it is not identical. In Release 12 the SA pool and the associated data pool were TDM but for V2V it was agreed that these resource pools will be FDM. This opens up several issues. The first issue is the number of SA transmissions. Since SA and associated data won’t be transmitted on the same subframe multiple SA transmission can be used to counter the half duplex issue. Like Release 12 restricting the number of transmissions to 2 is reasonable. 
Proposal 4: For the case where SA and associated data are not transmitted on the same subframe SA needs to be retransmitted to counter the half duplex issue. Like Release 12 the number of SA transmissions can be restricted to 2.
The SA transmission and retransmission can be based on Release 12 hopping pattern to minimize the probability that both the transmissions of a UE lies on the same subframe as the transmissions of another UE. However the Release 12 hopping pattern depends on the number of subframe being used for SA pool 
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 (see Section 14.2.1.1 and 14.2.3 in [1]). For FDM the number of subframes within a SA resource pool may be all subframes and Release 12 hopping pattern cannot be reused. To enable the hopping pattern SA resource pool can be divided in time into equal sized clusters.
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 can be redefined as the size of a cluster within the subframe. SA transmission and retransmission from a UE will occur within the same cluster using the Release 12 hopping pattern. The data transmission will occur at offsets from the end of the cluster. This is illustrated in Figure 1 below. Here SA pool is divided into equal sized clusters and UEs transmit within a cluster using Release 12 hopping. As shown red and blue UEs transmit SA within the same cluster and transmit the first data transmission at Delta 1 subframes after the end of the cluster. The second transmission occurs Delta 2 subframes after the first transmission. Note that the second transmission of SA resolves the half duplex between red and blue transmissions.

Figure 1. SA pool divided into clusters of length LPSCCH to enable Release 12 hopping
Proposal 5: SA resource pool is divided into equal sized clusters of length LPSCCH to enable Release 12 hopping for SA. First data transmissions occur Delta 1 subframes after the end of the cluster and while the second transmission occurs Delta 2 subframes after the first data transmission.

Let us consider the same subframe transmission. Here for both adjacent and non-adjacent cases the number of SA transmissions can be same as the number of associated data transmissions. There is no need for a well defined hopping pattern. For Mode 2 the SA can be selected based on sensing and no relationship needs to be defined. For Mode 1 the relationship can be defined by eNodeB (see [2] for details). Each SA will indicate the resources on its own subframe and the subsequent transmission (if there is one). Here the difference between the first and the second transmission in number of subframes will be indicated by Delta 2.
Proposal 6: For same subframe SA and associated data transmission the number of transmissions will be same as the number of data transmissions. For Mode 2 there is no relationship between SA transmission locations in frequency.
Proposal 7: For same subframe SA and associated data transmission each SA will indicate resources on its own subframe and the subsequent transmission (if there is one). The difference between the first and the second transmission in number of subframes will be indicated by Delta 2.
This is illustrated in Figures 2 for non-adjacent transmission and Figure 3 for adjacent transmissions. Here Delta 2 is the offset between the first and second transmission (if transmitted). The first SA indicates the resources for both the first and second data transmissions.

Figure 2. SA and associated data transmission on same subframe on potentially non-adjacent resources

Figure 3. SA and associated data transmission on same subframe on adjacent resources
During Release 13 it was agreed that each resource pool will be associated with a set of PPPP. Only packets within the set PPPP will be transmitted on the resource pool. The same technique can be used for V2V, i.e., the SA and associated data pool can be associated with a set of PPPPs and only packets associated with that set of PPPP can be transmitted on that pool. If there are multiple resource pools associated with PPPP value of the packet then like Release 13 eD2D it can be left to UE implementation which resource pool will be used for transmission of the packet.
Proposal 8: Like Release 13 each SA and associated data resource pool will be associated with a set of PPPP values. Only packets with PPPP within the set can be transmitted on the resource pool. If there are multiple resource pools associated with the PPPP value of a packet then it is left to UE implementation which resource pool will be used for transmission of the packet.
3
Conclusion

In this contribution we made the follow proposals for configuring resource pools for PC5 based V2V.
Proposal 1: Reuse the LTE-D2D communication resource pool definition with some modifications as specified below. 
Proposal 2: Fix the maximum number of transmissions by a vehicle for a MAC PDU to 2. 
Proposal 3: For a SA and associated data resource pool it should be configured whether the SA and associated data transmission by a UE either occur on the same subframe in an adjacent manner, or occur on the same subframe in a non-adjacent manner, or occur on different subframes.
Proposal 4: For the case where SA and associated data are not transmitted on the same subframe SA needs to be retransmitted to counter the half duplex issue. Like Release 12 the number of SA transmissions can be restricted to 2.
Proposal 5: SA resource pool is divided into equal sized clusters of length LPSCCH to enable Release 12 hopping for SA. First data transmissions occur Delta 1 subframes after the end of the cluster and while the second transmission occurs Delta 2 subframes after the first data transmission.

Proposal 6: For same subframe SA and associated data transmission the number of transmissions will be same as the number of data transmissions. For Mode 2 there is no relationship between SA transmission locations in frequency.
Proposal 7: For same subframe SA and associated data transmission each SA will indicate resources on its own subframe and the subsequent transmission (if there is one). The difference between the first and the second transmission in number of subframes will be indicated by Delta 2.
Proposal 8: Like Release 13 each SA and associated data resource pool will be associated with a set of PPPP values. Only packets with PPPP within the set can be transmitted on the resource pool. If there are multiple resource pools associated with the PPPP value of a packet then it is left to UE implementation which resource pool will be used for transmission of the packet.
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