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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
During RAN1 #85, the following agreement was achieved on resource pool design. 

Agreements:
· Allow resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency

· All the PRBs used for the SA and associated data transmissions should be contiguous in frequency.
· Details FFS

· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).

· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”

· Strive for not increasing the number of SA blind decoding to enable this.
The advantage of using a resource pool where the SA and associated data are transmitted on same subframe are adjacent in frequency was clearly demonstrated in our contribution [1]. There is not much advantage of a resource pool where SA and associated Data are transmitted in the same subframe but may not be adjacent in frequency. One advantage may be that such a design is that it allows for the case where SA and Data (not associated) do not collide. However as we discuss below SA to SA collision can lead to significant loss in link budget. Based on this we make the following proposal.
Proposal 1: Resource pool design where SA and associated Data are transmitted on the same subframe but are not necessarily adjacent in frequency should not be supported.

During RAN1#84bis the following agreement was achieved on the relationship between a SA and associated Data pool.

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.

We further note that for SA the following working assumption was agreed to during RAN1#85
· Working assumption which will be automatically confirmed if no problem is identified during this week
· DMRS within a TTI for a transmission by a UE are not identical 

· No blind detection of DMRS is introduced

· Details FFS
We simulated SA performance in presence of SA interference, noise interference and Data interference. We note that since no blind detection is introduced at the receiver DMRS for SA’s will be identical. (This is the Release 12/13 design.) This can lead to significant loss in performance. This is illustrated in Figure 1 below where block error rate is plotted versus SINR. In the simulation the transmitter and receiver were moving towards each other with a speed of 140km/hr. The Data packet size of the interferer was set to 190 bytes and is transmitted over 18 RBs using QPSK. For the cases of SA interference and Data interference, the interference to noise ratio (INR) is set to 6dB.
[image: image1.emf]-4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

10

0

SINR (dB)

BLER

 

 

No interf

SA interf (6dB INR) 

DATA interf (6dB INR)


Figure 1: Performance of SA in presence of interference

We observe that because the loss in link budget due to SA interference is significant -- around 5dB. Whereas the performance in presence of noise and data interference is essentially similar. Based on this we make the following observation.
Observation 1: SA to SA collision can cause significant loss in link budget performance. Therefore it is important to minimize SA to SA collision. 
We note that in our companion contribution [2] we propose blind detection to improve the performance of SA to SA collision. However that does not completely solve the problem. Therefore it is still important to minimize the SA to SA collision. One simple way to do so is by allocating a large number of resources for SA. However this will increase the overhead of control signalling. This can be ameliorated by allowing SA and associated Data resource pool to overlap. There are other advantages of allowing SA and associated Data resources pool to overlap. We will discuss them later in the contribution.
Proposal 2: Allow SA and associated data resource pools to overlap.
We next discuss resource pool design. We propose that channelization as discussed during RAN1#86 be used. Figure 2 shows our proposal. Resources are divided into equal size ‘channels’ where each channel consists of Data resources and a single SA resource of 2 RB (within a subframe). SA and Data resources can overlap and the SA resources are equidistant from each other. 
Figure 2: Channelization based resource pool design
Transmissions by a UE that at least contain data transmissions will occupy an integral number of channels in frequency. There are several advantages of such channelization.
· Limits the number of SA decode a UE needs to perform within a subframe.

· Since data occupies an integer number of channels this allows for better estimation of energy received leading to better sensing performance.

· Enables SA and associated Data to be transmitted on adjacent frequency resources, thereby avoiding the MPR issues.
· Reduces the number of bits that need to be indicated in the SA and DCI [4]. 
Proposal 3: Use channelization for SA and associated data resource pool. More particularly

· Divide resource pools into equal sized ‘channels’ in frequency.

· Each channel within a TTI consists of one SA resource of 2RBs and the remaining RBs can be used for data transmission. SA resources can be used for data transmission also.

· The SA resources are equally spaced.

· Transmissions by a UE that at least contain a data transmission will occupy an integral multiple of channels in frequency.
case multi-cluster transmission for data be used. This is illustrated in Figure 3 below.

Figure 3: Channelization based resource pool design for same subframe transmission case
Here Delta 2 is the number of subframes between the first and second transmissions (see [4]). As is shown is second blue transmission multi-cluster case transmission from a UE can consist of three clusters one of SA and two of data that are co-located in frequency. The cluster for SA will have a separate DFT and will have separate DMRS sequences allowing the SA to be separately decodable. The data clusters will have the same DFT and will use the same DMRS sequences mapped across the clusters. This is how it is done for multi-cluster PUSCH in current LTE. The data clusters will be separated by 2RBs (the size of SA) in frequency. Multi-cluster transmissions by a UE helps make sure that the SA resources are used in a fair manner while making sure that MPR is minimized. This is illustrated in Figure 4 where the MPR of multi-cluster transmissions is plotted. We note that these are initial simulation results. The results show that the MPR is below or equal to 2dB.
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Figure 4: MPR for multi-cluster SA and Data transmissions on adjacent frequency
Proposal 4: For SA and associated data transmission on same subframe allow two-cluster transmission for PSSCH in a manner similar to two cluster PUSCH transmission, i.e., same DFT and same DMRS sequence mapped across clusters. The difference in cluster in frequency is 2RBs which shall be occupied by SA transmission by the UE.

For different subframe transmission of SA and associated data the channelization based resource pool can be reused. In Release 12 the SA pool and the associated data pool were TDM but for V2V 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 5: 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 [3]). 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 5 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 [4]. 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 5: Channelization based resource pool design for different subframe SA and associated transmission case
Proposal 6: 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.
We next discuss the number of channels that can be configured. We propose the following possible set of channels for different bandwidth configuration.

	System BW
	Number of RBs
	Number of channels

	1.4
	6
	1

	3
	15
	1,3

	5
	25
	1,5

	10
	50
	1,5,10

	15
	75
	1,3,15

	20
	100
	1,5,10,20


Table 1: Number of channels for different system bandwidth
Proposal 7: Use the channel configuration defined in Table 1.
3
Conclusion

In this contribution we made the follow proposals for configuring resource pools for PC5 based V2V.
Proposal 1: Resource pool design where SA and associated Data are transmitted on the same subframe but are not necessarily adjacent in frequency should not be supported.

Observation 1: SA to SA collision can cause significant loss in link budget performance. Therefore it is important to minimize SA to SA collision. 
Proposal 2: Allow SA and associated data resource pools to overlap.
Proposal 3: Use channelization for SA and associated data resource pool. More particularly

· Divide resource pools into equal sized ‘channels’ in frequency.

· Each channel within a TTI consists of one SA resource of 2RBs and the remaining RBs can be used for data transmission. SA resources can be used for data transmission also.

· The SA resources are equally spaced.

· Transmissions by a UE that at least contain a data transmission will occupy an integral multiple of channels in frequency.
Proposal 4: For SA and associated data transmission on same subframe allow two-cluster transmission for PSSCH in a manner similar to two cluster PUSCH transmission, i.e., same DFT and same DMRS sequence mapped across clusters. The difference in cluster in frequency is 2RBs which shall be occupied by SA transmission by the UE.

Proposal 5: 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 6: 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 7: Use the channel configuration defined in Table 1.
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