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Introduction
In RAN1 #84 meeting, the following agreements are listed:
Agreements: (from offline summary in R1-161405)
· 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
· FFS which option(s) to support for which type of traffic/resource allocation
· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.
· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS
In this contribution, some further enhancements on resource pool configuration based on V2V scenarios are provided. In addition we discuss appropriate SA and data transmission numbers in both TDMed resource pool and FDMed pool with above two options.
Discussion on V2V resource pool configuration
· Resource pool division
Semi-persistent resource scheduling or selection is supported in V2V communications. If partial V2V messages are not semi-persistently transmitted e.g. possible dynamic event triggered message transmission, the co-existence of SPSed message and non-SPSed messages should be considered. The transmission of non-SPSed messages are unpredictable thus corresponding collision cannot be avoided in the SPS process, which leads to potential system performance degradation. Therefore the division between SPS resource pools and non-SPS resource pools becomes beneficial.
Dividing resource pools based on communication mode should be considered. Moreover, resource pool division based on message type (PS or non-PS, periodical or event triggered) is essential due to priority requirement. Rel-13 D2D priority mechanism can be seen as a baseline. For example, event-triggered messages can be transmitted in both non-SPS resource pools (used as high priority pool) and SPS resource pools (used as low priority pool), or non-SPS pool only, while periodical messages transmission only in SPS resource pools.
Proposal 1: V2V resource pool division could be based on communication mode, message type and whether SPS is used.
· Geo-based resource pool
Geo-information can be used to assist V2V resource scheduling/selection. Radio resources are divided into multiple time-domain orthogonal pools and associated with geo regions, and then UEs in a given geographical region will only transmit in the corresponding resource pool. This mechanism can improve system performance by reducing the near-far problem introduced by in-band emissions.
In Mode 1 communication, geo-information can be used by eNodeB for sidelink resource allocation so that corresponding UE geo-information report mechanism needs to be discussed. For the purpose of overhead reduction, the accuracy of UE location indicated in the report should be properly restricted. Therefore, the granularity of geo regions in geo-based mechanism is correspondingly restricted e.g. at least coarser than UE report accuracy. Another constraint is the latency of UE report, since short latency needs UE reporting frequently and also results in significant overhead, while UE report with relatively large period will introduce high latency which leading to inaccuracy of UE location estimation by eNodeB due to variable vehicle speed. As a conclusion in location-based Mode 1 communication the granularity of geo regions and of corresponding pools should be relatively coarse.
Proposal 2: In location-based Mode 1 communication, the granularity of geo regions and geo-based resource pools should be relatively coarse due to the restriction of geo-report overhead.
The granularity of geo region and resource pools in Mode 2 can be only limited by the location-aware ability of vehicles e.g. accuracy of GPS. Therefore in Mode 2 the geo regions and pools can be finer to acquire better performance. However this will introduce new problems as described in the following part.
· Vehicle density imbalance
In both Mode 1 and Mode 2, a potential problem is that the vehicle density of regions (and directions) may present unbalanced and also may vary significantly in different time period. The density imbalance will result in some resource pools associated with busy regions appearing blocked while other pools associated with vehicle-sparse regions being redundant. This problem will introduce performance degradation, especially with fine geo-region separated Mode 2 communication, and also affects eNodeB resource allocation efficiency in Mode 1.
The effect of vehicle density imbalance can be reduced by coarse Mode 2 geo region granularity and Mode 1 eNodeB resource allocation algorithms. Regarding to this problem we consider another possible solution that except for dividing resource into geo-based pools, additionally reserving a resource set as flexible resource pool, which can be associated with any busy geo region. In Mode 1 communication eNodeB can estimate UE density of each geo region and load of the associated resource pool. Once the density of a given region exceeds threshold, or the load of a resource pool exceeds threshold caused by high vehicle density in an associated region, eNodeB could configure the flexible pool to the dense region and then allocates resources of the flexible pool to UEs belonging to the dense region. If the region becomes sparse afterwards, eNodeB releases the association relationship. On the other hand, in Mode 2 the flexible pool can be used by UEs in dense regions autonomously if UEs detect number of adjacent vehicles or load of current resource pool exceeding configured threshold, while UEs stop transmission in flexible pools once the region or pool becomes vacant again.
Proposal 3: Introduce the concept of flexible resource pool in geo-based transmission to reduce performance degradation due to vehicle density imbalance. The flexible pools can be temporally associated with geo regions which have high vehicle density.

SA/data transmission number based on resource pool
The mechanism of SA/data multiplexing and corresponding SA/data pool configuration has been discussed in previous meetings. We provide simulation results of performance with different SA and data transmission number in both FDMed and TDMed SA/data pools. 
The simulation result shown in figure 1 including three types of FDMed pool configuration: 1) SA and associated data are transmitted on same subframe and are adjacent in frequency domain, the overall bandwidth can be seen as both SA pool and data pool; 2) SA and associated data are transmitted on same subframe, the central 40 RBs are used as data pool and other RBs as SA pool; 3) each SA transmission precedes all associated data transmissions, the overall bandwidth can be seen as both SA pool and data pool, once high layer sends a message for transmission, UE selects SA resource in the following 8 TTIs and selects data resource from the 9th TTI to the 40th TTI; and 4) the legacy type of TDMed pool that with 40ms period and 8ms for SA pool, 32ms for data pool in each period. Detailed simulation parameters are listed in the Appendix.
It can be seen the combination of 2 SA transmissions and 2 data transmissions in both FDMed pool with three types of configuration and TDMed pool has the best PRR performance. Therefore we consider 2 SA and 2 data transmissions can be used in V2V communication.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 4: 2 SA transmissions and 2 data transmissions are used in V2V communication.
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(a) FDM1: same subframe, overall bandwidth
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(b) FDM2: same subframe, central 40RBs for data and other RBs for SA
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(c) FDM3: SA precedes all data transmission
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(d) TDM
Figure 1 SA/data transmission number

Conclusion
Proposal 1: V2V resource pool division could be based on communication mode, message type and whether SPS is used.
Proposal 2: In location-based Mode 1 communication, the granularity of geo regions and geo-based resource pools should be relatively coarse due to the restriction of geo-report overhead.
Proposal 3: Introduce the concept of flexible resource pool in geo-based transmission to reduce performance degradation due to vehicle density imbalance. The flexible pools can be temporally associated with geo regions which have high vehicle density.
Proposal 4: 2 SA transmissions and 2 data transmissions are used in V2V communication.
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Appendix
Table 1: simulation assumptions
	Parameters
	Value

	Carrier frequency
	6 GHz

	System bandwidth
	10MHz

	Number of carriers
	one carrier

	Tx power
	23dBm

	Antenna gain
	3dBi

	Synchronization 
	Ideal

	IBE
	Modeled

	Carrier frequency offset
	+/-0.1 PPM

	Resource pool
	As described in the contribution

	UE drop and mobility model
	Freeway: absolute vehicle speed 140km/h
Urban: absolute vehicle speed 60km/h

	Vehicle density
	Average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed

	Channel model
	As described in TR 36.885

	Traffic model 
	periodic traffic with 100ms period

	Retransmission times
	2 for SA and data

	DMRS formats
	Option 1 with comb

	Modulation 
	QPSK with coding rate of 0.5

	Number of RBs for data
	16 for 190Byte, 25 for 300Byte

	Resource selection method
	Random selection



image2.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

Freeway 140km/h, FDM1

 

 

1SA+1data

2SA+2data

4SA+4data


image3.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

Urban 60km/h, FDM2

 

 

1SA+1data

2SA+2data

4SA+4data


image4.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

Freeway 140km/h, FDM2

 

 

1SA+1data

2SA+2data

4SA+4data


image5.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

Urban 60km/h, FDM3

 

 

1SA+1data

1SA+2data

1SA+4data

2SA+1data

2SA+2data

2SA+4data


image6.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

Freeway 140km/h, FDM3

 

 

1SA+1data

1SA+2data

1SA+4data

2SA+1data

2SA+2data

2SA+4data


image7.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

freeway 140km/h

 

 

SA1+data1

SA1+data2

SA1+data4

SA2+data1

SA2+data2

SA2+data4


image8.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

urban 60km/h

 

 

SA1+data1

SA1+data2

SA1+data4

SA2+data1

SA2+data2

SA2+data4


image1.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

Average PRR

Urban 60km/h, FDM1

 

 

1SA+1data

2SA+2data

4SA+4data


