3GPP TSG-RAN WG2 #93bis
R2-162831
 Dubrovnik, Croatia 11th – 15th April 2016
Agenda Item:
8.2.1
Source:
InterDigital
Title:
On sensing with semi-persistent transmission for V2V sidelink
Document for:
Discussion, Decision

1 Introduction

In RAN1#84, several agreements were made regarding resource selection/allocation for V2V.

It was agreed to support sensing with semi-persistent transmission as autonomous resource control / selection mechanism for the V2V sidelink. The UE would transmit PSSCH in case it has data on a selected set of periodically occurring resources until a resource selection occurs. The set of resources among which a UE selects can be restricted based on the geo information of the UE.
It was also to support mechanisms whereby a UE reports geographical information to the eNB. For V2V sidelink communication mode 1, it was also agreed to support semi-persistent scheduling, i.e. in the sense that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission. 

In this contribution we provide our views on sensing with semi-persistent transmission for V2V in support of autonomous resource control and selection. 
2 Discussion

For V2V sidelink operation, 3 different performance aspects need to be considered for robust performance of the distributed resource allocation mechanism: 

1) Spatial Reuse: interference incurred from other UEs using the same V2V PC5 radio resources
2) In-band emissions: interference incurred from UEs transmitting in the same subframe
3) Half-duplex: UEs missing out on Rx of data or control packets due to their own Tx activity
It may be reasoned that half-duplex problems are unavoidable at high resource utilization levels. However, half-duplex constraints can be effectively mitigated on the PC5 sidelink by randomization of transmission resources over consecutive transmission instants, i.e. by making sure that a UEs consecutive data transmissions coincide with that of a different UE in every transmission instance.

Observation 1 Half-duplex constraints can be mitigated by randomization of UEs transmission resources.

Dealing with IBE is the most challenging design constraint in the context of V2V PC5 due to the fact that it heavily limits the ability to employ FDM for V2V radio resources. Therefore, in order to achieve a high degree of spatial reuse in presence of IBE degradations, it is key to have UEs in radio vicinity transmit in the same subframe.   

Observation 2 Minimization of IBE can be achieved by having UEs which are close to eachother transmit in the same subframe.

Given the above observations, for robust performance of the V2V PC5 distributed resource allocation mechanism, we think that the UE must support two different types of sensing:

1) Energy-based sensing: The UE measures Rx signal strength on PSCCH resources

2) SA-based sensing: The UE receives and decodes the PSCCH payload of other V2V transmitters
Both types of sensing are necessary and complement each other. Energy-based sensing primarily helps a UE to produce a candidate list of radio resources for which it starts decoding the SA. The decoded SA contents for the strongest interferers in radio vicinity will then in turn identify their upcoming transmission schedule and help the UE under consideration to select its own radio resources. Power-based sensing will also help to identify near versus far interferers.

Proposal 1 UE sensing in support of V2V autonomous resource allocation / selection is based on both measuring Rx signal strength and decoding payload contents of PSCCH (and sidelink data if needed).

The V2V mode 2 UE intending to transmit would first determine available and interfered SA and/or data radio resources. These will be ranked in terms of Rx signal strength and number of occupied time resources as known from SA decoding. The UE will then select on which radio resources it should transmit by prioritizing resources that are below a certain Rx power threshold level, i.e. preferring to use radio resources which it detects interfered by far-away UEs as long as possible under the side-constraint that when nearby V2V transmitters are detected, it has to choose the subframes occupied by these to minimize IBE.

Proposal 2 The specified V2V autonomous resource allocation / selection algorithm should attempt to minimize IBE effects, i.e. it results in a selection of subframes for transmission in which nearby interferers were detected
Following the described initial V2V mode 2 resource selection step, a UEs selected V2V mode 2 data resources should be semi-persistent, i.e. they will remain the same for a period of time in (the order of several seconds) to allow the UE to re-build its ranked list of interferers.

Proposal 3 The specified V2V autonomous resource allocation algorithm should perform resource selection that is valid for a pre-determined amount of time.

In this context, we think it is very useful to include a persistent allocation indicator into the R14 V2V SCI format. In order to maintain a list of ranked interferers, it is important for any decoding UEs to know for how long the detected and decoded resource allocations remain valid. If the persistent allocation indicator is toggled, SA decoding can indicate whether the transmitting UE intends to re-select resources after a certain re-selection period.

Proposal 4 R14 V2V SA includes a persistent allocation indication mechanism, i.e. SA indicates whether the decoded resource allocation remains valid or whether resource re-selection will occur in the next period.
3 Conclusion

In this contribution the following observations we made related to resource allocation/selection for V2V PC5:
Observation 3 Half-duplex constraints can be mitigated by randomization of UEs transmission resources.

Observation 4 Minimization of IBE can be achieved by having UEs which are close to eachother transmit in the same subframe.

As a result of the above observations the following proposal was made:

Proposal 5 UE sensing in support of V2V autonomous resource allocation / selection is based on both measuring Rx signal strength and decoding payload contents of PSCCH (and sidelink data if needed).

Proposal 6 The specified V2V autonomous resource allocation / selection algorithm should attempt to minimize IBE effects, i.e. it results in a selection of subframes for transmission in which nearby interferers were detected
Proposal 7 The specified V2V autonomous resource allocation algorithm should perform resource selection that is valid for a pre-determined amount of time.

Proposal 8 R14 V2V SA includes a persistent allocation indication mechanism, i.e. SA indicates whether the decoded resource allocation remains valid or whether resource re-selection will occur in the next period.
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