Page 1

3GPP TSG RAN WG1 Meeting #83

R1-156689
Anaheim, USA, 15th - 22th November 2015

Source:
Intel Corporation

Title:
Discussion on network control aspects for V2V communication

Agenda item:
6.2.8.1.1
Document for:
Discussion and Decision

1 Introduction

At the TSG RAN1 Meeting #82, the study on LTE based V2X services [1] was started. The system level evaluation assumptions were agreed and captured in [2]. In this contribution, we continue analysis of the network control aspects [3], [4] that can be beneficial for V2V communication. In particular, we discuss the principles that were captured for further analysis at the previous RAN1 WG meeting #82bis:
· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases.
· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes

· Exact resources for transmission or set of resources for UE autonomous selection

· FFS: other parameters

Our views on other V2V communication aspects are provided in our companion contributions [6]-[13].

2 Network Control for V2V Communication
The V2V communication performance may vary in time and space. In different geo-regions, the congestion and collision problem may be different and change over time (e.g. morning/day/evening/night). In case of limited amount of allocated spectrum resources, the PRR performance may not satisfy the stringent V2V performance requirements in certain geo-regions and thus additional optimization may be considered depending on the V2X system behavior and importance of different types of metrics. In one example, the link budget or range may be compromised to increase capacity, e.g. amount of vehicle transmissions that can be received successfully, alternatively the message transmission rate may be compromised on reliability of message delivery. For V2V applications, the cross-layer optimization may be considered to improve the overall V2X system performance, i.e. not just from L1 perspective.
In LTE V2X systems, the availability of the network is crucial and may be used to control vehicle transmission parameters/settings in different geo-regions. The network may provide the assistance signaling and control transmission parameters/settings across different layers. For instance, it may control radio layer settings or V2X application settings.

2.1 Radio Layer Settings
The network assistance can be used to control radio transmission parameters/settings. This control signaling is expected to be geo-specific and may change over time, therefore integration of some geo-casting mechanisms may be needed to optimize this signaling. There are many potential radio transmission settings that can be controlled by the network. For instance, from radio-layer perspective the network may control at least some of the following parameters:
· Resource granularity. The network/eNB may indicate the maximum resource granularity that can be used for each vehicular transmission over a predefined time interval in a given geo-region (e.g. number of PRBs or TTIs).

· Resource quota. The network/eNB may indicate the maximum amount of spectrum resources that can be consumed by the vehicular UE over a predefined time interval in a given geo-region.

· MCS/Number of retransmissions. The network/eNB may indicate the MCS or number of retransmissions (TTIs) that should be applied by vehicle. It may be a maximum number so that vehicle UE still has a freedom to select the MCS or number of TTIs or the fixed number that UE is expected to use for each transmission.

· Amount of spectrum resources. In case of detected congestion, the network/eNB may decide to enlarge/decrease the amount of spectrum resources that can be used for V2V communication in order to relax congestion environment.

· Exclusive resources. The network/eNB may allocate certain resources for the specific usage by certain type of vehicles to ensure the reliable operation (e.g. emergency or public safety vehicles).

· TX power. The network/eNB may control the TX power settings to vary the transmission range in a given geo region. In simple example, the power settings of emergency vehicles may be always considered as a maximum power while for regular vehicle it may be controlled by network.

· Congestion criteria/conditions. The network/eNB may configure congestion criteria in order to trigger certain changes in radio-behavior (collision handling rules) or reporting of the radio-environment characteristics (e.g. resource utilization indicators, amount of detected vehicles, average received power level, etc.).
The control of at least selected parameters will ensure that eNB/network may prioritize certain performance metric (e.g. range, capacity, latency, etc.) or provide different level of service for different types of vehicles. The particular choice on what needs to be controlled at radio-layers may depend on the overall V2X system operation at upper layers including interaction between different layers and should be further studied in 3GPP across different working groups.
2.2 Application Layer Settings

The V2X application layer may also adapt to the radio-environment, depending on whether the V2X application layer is radio-aware or not. In case of radio-aware V2X application layer the application layer may control the V2X traffic parameters. For instance, the following traffic parameters may be controlled at the upper layers:
· Transmission rate. The control of the message transmission rate will result in different packet arrival rates at lower layers. For instance, if high congestion is observed at the radio-layers the application layer may decide to reduce the packet generation rate and drop (do not generate) some of the packets.

· Packet size. The packet size may be another factor that may affect the congestion condition at radio-layers and thus if V2X system is able to adjust packet size at the application layers it may help to reduce the congestion environment dramatically. In case of congestion, it may be possible that some information is of less importance that another or can be transmitted with increased quantization error so that the overall packet size is reduced.

2.3 Cross-Layer Interaction
In general, radio-layers have more information about radio environment and may faster react on radio-layer changes, however the application layers have more information on what and how needs to be delivered for V2X system to work properly. Therefore the LTE based V2X systems may need to provide tighter inter-working mechanisms across layers in order to improve the overall V2X system performance. Depending on the degree of interaction between radio-layers, the following design approaches may be further studied:
· Option 1: V2X application layer is not radio-aware. In this case, L1/L2 may have some congestion handling mechanisms based on the pre-specified behavior / pre-configured congestion conditions. The application layer is not radio-aware about congestion and operates independently assuming the ideal radio-environment. The radio layers (e.g. L2) may decide to drop packet transmission if high congestion is observed by L1/L2. In this scenario, the pre-specified rules on packet drop behavior need to be considered so that all UEs/vehicles have identical behavior.
· Option 2: V2X application layer is radio-aware. In this case, it is assumed that application layer can adjust the traffic parameters (e.g. packet size, transmission rate). In order to enable this operation, the L1/L2 may need to provide some information characterizing radio-environment to application layer. Application layer may use this information from radio-layers to adjust parameters. For example, if congestion level is high the application layer may generate packets less frequently and/or with reduced packet size.
· Option 3: Hybrid approach. In hybrid approach, the both application and radio layers may have certain control over certain transmission parameters and closely interwork in order to improve the overall system performance. The functional split between layers needs to be further discussed among WGs in order to enable consistent operation among different layers.
Observation 1
· For V2V applications, the control of vehicular transmission settings may need to be adjusted over time and geo-regions.

· There are two types of transmission characteristics that may be controlled by network/eNB: radio-layer transmission settings and application layer settings.
· Control of both radio-layer and application layer settings may be beneficial for the overall V2X system performance and needs to be further discussed across different working groups.
3 Prioritization of Performance Metrics

In order to properly design the overall V2X system, the more information on importance/prioritization of different performance metrics is desirable. The prioritization of different performance metrics may require implementation of different techniques or mechanisms at radio layers. The differentiation of radio transmission characteristics based on higher layer properties requires information on what needs to be prioritized. For instance, it may be good to know which metric is of higher importance/priority for V2X applications and which one can be compromised. The examples below give some information on possible tradeoff factors in V2X systems:
· Example 1: Reception Reliability > Latency (transmit less frequently but more reliably).
· Example 2: Vehicle Capacity > Transmission Range (transmit by larger amount of UEs but at reduced range).
Observation 2
· Additional information on V2X performance metrics prioritization is desirable in order to make proper assumptions on design aspects and avoid introduction of duplicating mechanisms across different layers.

Proposal 1
· Inform other working groups on V2V performance tradeoffs observed from L1 perspective and ask for guidance on metric prioritization and cross-layer interaction assumptions.
4 Network Control Implementation Aspects
The network control, if enabled, should be geo-based and common to all vehicles of the same type within geo-region. The motivation to have a geo-based control is that vehicular traffic conditions may vary across geo-regions and time. Therefore depending on traffic conditions different metrics can be prioritized in different geo regions. In general, it needs to be further discussed which layer of V2X system control is more beneficial and input from other working groups is needed. In general, it may be either a RAN layer control or network/application layer control and depending on selected design options the different implication and functionality may need to be enabled.
· In case of RAN layer control (transparent to application layer), the vehicles under different operators should have same behavior. Therefore additional specification efforts may be needed to ensure common behavior across vehicles served by different operators (at least when V2V carrier is shared). It may require X2 support between eNBs in order to enable coordinated control actions. The predefined/pre-specified procedures may need to be defined in RAN specs.

· In case of application layer control (transparent to RAN). Single network entity may be responsible for vehicular services and interworking among different operators. In this case the impact on RAN WG may be reduced.

In case of shared and dedicated V2V carrier the UE behavior (control of UE settings) should be aligned across vehicles served by different operators. It has certain implications on Mode-1 operation, making it more challenging since proper tight inter-working principles needs to be in place. On the other hand even for Mode-2 the update of configuration settings should be also coordinated across multiple operators.
Observation 3
· Network control of V2V transmission settings requires coordinated actions across multiple operators.
5 System Level Evaluation Results
In this section, we discuss how the network control may benefit the performance. For simplicity, we assume that vehicles use default V2V operation settings in terms of the amount of TTIs and modulation used for V2V communication. The network may change configuration settings that are used by vehicles in case of congestion. In general, the change of transmission setting parameters may be done by vehicles autonomously, however in this case common rules need to be specified, so that all UEs have similar behavior. For current analysis, we consider the following evaluation settings and show how different settings affect the PRR performance in agreed V2V deployment scenarios:

· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Baseline (N = 8, k = 2, 4; random start time); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs;

· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Baseline (N = 8, k = 2, 4; random start time); 16QAM; 6 PRBs (190 bytes) / 12 PRBs (300 bytes); 4 TTIs;

· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Baseline (N = 8, k = 2, 4; random start time); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 2 TTIs;

· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Baseline (N = 8, k = 2, 4; random start time); 16QAM; 6 PRBs (190 bytes) / 12 PRBs (300 bytes); 2 TTIs;
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Freeway, 70 km/h – dense scenario
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Urban, 15 km/h – dense scenario
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Freeway, 140 km/h – sparse scenario
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	Figure 1: Network control of different MCS levels and resource granularities (PRR CDF).
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Freeway, 70 km/h – dense scenario
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Urban, 15 km/h – dense scenario
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Freeway, 140 km/h – sparse scenario
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Urban, 60 km/h – sparse scenario

	Figure 2: Network control of different MCS levels and resource granularities (average PRR).


Observation 4
· The PRR performance in dense scenarios (Freeway 70 km/h and Urban 15 km/h) is sensitive to the resource granularity and MCS level.

· The overall PRR performance in dense scenarios is much lower than in more sparse scenarios (Freeway 140 km/h and Urban 60km/h).

· In considered dense scenarios, it is beneficial to control the size of occupied resource for transmission (e.g. reduce amount of TTIs and amount of PRBs by increasing the spectral efficiency of single transmission).

Proposal 2
· Further discuss mechanisms to ensure common rules in resource selection across multiple vehicles and necessity of MCS and resource granularity control.
6 Conclusions
In this contribution, we discussed different approaches of the eNB/network control that may be enabled for the V2X system. In general, we see that eNB/network control may be beneficial, however this aspects need to be jointly discussed across different working groups. Our system level analysis has shown that it is possible to compromise the link budget / latency considerations in order to improve the overall PRR performance in dense vehicular scenarios.
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8 Appendix A: System Level Evaluation Assumptions

In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this document.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 70km/h

Sparse: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 140 km/h

Urban:

Dense: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 15kmph

Sparse: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 60 km/h

	Channel model
	According to the agreed evaluation methodology in [2]

	Traffic model
	Periodic traffic model according to [2]with randomized initial arrival time

· 190 bytes every 100ms (four consecutive packets)

· 300 bytes every 500ms (every 5th packet)

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· QPSK: 12 PRBs (code rate ~ 0.58 per TTI), TBS 1672, MCS 8

· 16QAM: 6 PRBs (code rate ~ 0.54 per TTI), TBS 1544, MCS 14

· Packet size - 300 bytes

· QPSK: 24 PRBs (code rate ~ 0.43 per TTI) , TBS 2472, MCS 6

· 16QAM: 12 PRBs (code rate ~ 0.42 per TTI), TBS 2408, MCS 12

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH;

	Number of TTI per PDU
	4 TTIs (baseline), 2 TTIs

	PHY Abstraction
	TBCC for PSCCH and CTC for PSSCH

	# DMRSs per subframe
	15 kHz: 4 DMRSs for improved demodulation

	Frequency hopping
	Enabled
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