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1 Introduction

At the TSG RAN1 Meeting #84, the signaling details for eNB controlled V2V communication were discussed. In particular, the following agreements were made by RAN1 WG:
Agreements on geo-information reporting
· Mechanisms to report UE geographical information to the eNB are supported.

· FFS the protocol and exact content of the report

· FFS whether the report is carried as L1 control information (in which case it is FFS which physical channel(s) carry such information) or L2/3 control information (e.g, MAC or RRC signaling).

Agreements on eNB controlled semi-persistent scheduling

· For sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH

· FFS the details of signaling

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme

In this contribution, we discuss design aspects of geo-information reporting, semi-persistent scheduling and control of transmission parameters by eNB. Our views on other V2V communication aspects are provided in our companion contributions [5]-[15].

2 On Geo-Information Reporting

The geo-information such as vehicle coordinates can be used to optimize PC5 V2V performance by intelligent scheduling of vehicle transmissions over PC5 air-interface. The eNB may utilize geo-information to avoid collisions and ensure that certain spatial isolation range between vehicles is preserved so that co-channel interference in target V2V communication range is under control. In addition, eNB may assign to proximate transmitters the orthogonal resources in frequency so that near-far and in-band emission problems from the reception perspective are reduced. Beside scheduling considerations, eNB may also utilize geo-information for improving handover performance and proper packet routing within network, however these topics are mainly in RAN2 domain.
The utilization of geo-information was shown to be beneficial for autonomous resource selection in [2] where two approaches based on availability of fine and coarse geo-information were analyzed.

2.1 On Geo-Information Content

Currently, an eNB may acquire UE location by requesting LocationInfo RRC message during measurements reporting or by interacting with LPP. These reporting mechanisms may not be optimized the purposes of V2V geo-information update due to relatively large overhead and lack of interaction with vehicular services, however should be considered as a baseline.
The simple way of reporting geo-information is to provide periodic update of the vehicle coordinate (absolute or relative). The absolute coordinate may be reported according to the WGS-84 format [2] or directly using LPP message format [4]. The relative coordinate may be reported with respect to the reference geographical point that may be collocated with the serving eNB or any other geographical point may be independently signaled. The relative reporting format may benefit from the reduced payload size while can still provide accurate geo-information. Another alternative of reporting geo-information is to report the sub-area ID, where UE is located at the reporting moment. In this case, the association of sub-area with virtual identity should be known to the UE in advance and can be signaled to the UE jointly with definition of sub-areas.

Another relevant information that can be reported is the timestamp at which the geo-information was acquired. This information may be needed to track the vehicle movement direction. In order to save overhead and considering synchronous operation in LTE network, instead of explicit reporting of the timestamp, the reporting time instance can be implicitly considered as the timestamp to save system overhead. Alternatively, eNB may configure periodical timestamps at which geo-information can be collected at the UE side. In this case UE can report the latest available information at the reporting time instance.
In general, both options of absolute and relative geo-information reporting can be considered.
Proposal 1
· In order to save geo-information reporting overhead, the relative geo-location reporting may be considered.

· The additional eNB signaling may be used to provide relative geo-location from UE side:
· Timestamps for acquisition of geo-information. Alternatively the timestamps may be associated with geo-information reporting instance with pre-configured time offset.

· Coordinates of relative reference geographical points, with respect to which the relative UE location is reported (indication whether reference point coordinates are collocated with eNB) including reference point coordinates configured in neighboring cells.
2.2 On Reporting Type and Periodicity

In general the geo-information reporting type may be periodic, aperiodic or event triggered.

For periodic reporting type, the relatively long reporting periodicities can be sufficient given that even at very high speed of 250 km/h, the vehicle position changes less than 70 m per second. The period of reporting may also vary depending on the vehicle speed, so that slowly moving vehicles may send report less frequently. The eNB may configure geo-related triggers, (e.g. speed thresholds) and associate it with semi-persistent reporting periodicities so that UE can adjust periodicity of transmission based on the velocity value and inform eNB about adjusted period. This mechanism can be considered as a combination of periodic and event-triggered reporting.
For aperiodic reporting type, the eNB can trigger UE to report its absolute or relative position similar to the existing LocationInfo reporting mechanism.

For event-triggered reporting, eNB may configure geo-related triggers such as for example travel distance or change of vehicle speed since the last report. This mechanism may save overhead and can be used together with periodic reporting utilizing adaptive transmission periodicities.
Proposal 2
· Support at least periodic reporting of geo-information with configurable reporting period.

· Consider adjustment of reporting intervals based on vehicle speed within pre-configured minimum and maximum values of transmission period.

· Signaling details and geo-information reporting formats are decided in RAN2 WG.

2.3 On Quantization of Geo Information

Coarse geo-information

Given that precise knowledge of geo-coordinates may not be always available, the reporting of relatively coarse (quantized) information may be sufficient (e.g. granularity of 50 m), so that eNB can identify that UE is located within a certain sub-area (presence in sub-area). In case if UE is aware about sub-area coordinates, the simple reporting of sub-area identity may be sufficient.
Fine geo-information

The fine geo-information may be desirable for V2V services, however it’s reporting may cause increased overhead and is unlikely to provide significant benefits for eNB scheduling of PC5 transmissions. In application to autonomous resource selection, the fine geo-information can be used for selection of spectrum resources based on geo-coordinate [5]. In this case the precise knowledge of geo-location may be needed in order to avoid selection of the same spectrum resource. However, for eNB controlled operation, eNB is aware about the set of transmitters in given sub-area and therefore can assign orthogonal resources by scheduling decisions.
Proposal 3
· Inform RAN2 WG that coarse granularity of geo-location information is sufficient for eNB controlled PC5 transmissions (e.g. 30-50m granularity).

In order to provide more flexibility for eNB geographical scheduling, the UEs from different sub-areas should be scheduled for PC5 transmissions in orthogonal time instances. In order to efficiently serve multiple sub-areas, the PSCCH period (sc-Period) may need to be decreased. For instance, the values of PSCCH period (sc-period) of 10, 20, 25, 50 ms may be desirable to reduce latency and spatial reuse capabilities.

Proposal 4
· Specify additional PSCCH (SCI) period values for more efficient geo-based scheduling of eNB-controlled PC5 transmissions (e.g. 10, 20, 25, 50 ms).
2.4 Additional Reporting Information

Beside geo-information reporting, the additional information about observed radio-environment may be desirable. This information may be used to adjust transmission parameters of PC5 transmission (see section 4 for more details). The good indicators of radio-environment can be an RSSI measurements and amount of vehicle UEs detected. This information may be geo-specific and reported jointly or associated with geo-information.
2.5 Reporting Mechanism

There are several mechanisms that can be used to report geo-information towards eNB. In extreme case, the reporting of geo-information may be similar to L1 reporting mechanisms of channel state information like CQI, RI, PMI, etc. However, given, that there seems to be no need for fast information update, the L2 reporting mechanisms may be a reasonable alternative option for geo-information reporting.
Mapping to physical channels
In terms of L1 physical channels the following candidate can be considered:

· PUCCH – This option has limitations in terms of small payload size and typically used for low-latency and relatively fast feedback (e.g. update of channel state information or HARQ acknowledgements). Given the slow-timescale change of the location information this may not be the best option especially, if accurate reporting of geo-information with small granularity is considered.
· PUSCH – This option in combination with semi-persistent UL scheduling may be a good candidate for geo-information reporting. The enhancements of semi-persistent scheduling mechanism may be introduced to support geo-information reporting with variable period slowly changing over time based on speed, travel distance conditions. Additional signaling can be introduced to inform eNB about change of periodicity and trigger conditions.
· PSDCH – In general, the physical sidelink discovery channel can be used to carry information about geo-information. At the moment, the PSDCH interception by eNB is not specified, however, the UE transmissions can be power controlled towards eNB and in addition the discovery resource may be assigned by eNB to the vehicle. Considering the periodical allocation of PSDCH with semi-persistent resource assignment and power controlled transmissions it may be feasible for eNB to receive PSDCH channel that may provide periodic update of location information from the vehicle. The only thing that may need to be adjusted is transmission timing aspect which is according to current specification is set to DL reception timing. The current payload size of discovery message may carry the location information of the vehicle.

In case of L2 reporting, the MAC or RRC signaling can be used. The eNB may configure geo-triggers to report geo-information.
Proposal 5
· Use Layer-2 mechanism for geo-information reporting.
· Use PUSCH for geo-information reporting from vehicle UE.
3 eNB Controlled Semi-Persistent PC5 Scheduling

The semi-persistent scheduling was agreed for eNB controlled scheduling over PSSCH. According to Rel.12 specification, for each upcoming sc-Period (PSCCH period), eNB sends DCI Format 5 (in advance), providing scheduling information for PSCCH (PSCCH resource) and PSSCH (frequency allocation and time pattern for transmission) resources within the same PSCCH period. This information is valid only for a given PSCCH period and UE should receive new DCI Format 5 to transmit in the next PSCCH period. This principle needs to be revised for V2V communication with semi-persistent allocation. First of all, the PSCCH resource may be granted for the several periods, so that there is no need to send DCI Format 5 every time, when vehicle has V2V message for transmission.
As it was discussed in [11] one of the disadvantages of the LTE Rel.12 pool configuration in application to V2V communication is that LTE Rel.12 pools of PSCCH and PSSCH are defined within common SCI periods and as a result have common pool boundaries in time. The UE specific resource pool definition may be a more flexible approach and can be achieved by introducing UE-specific transmission intervals describing UE specific pool resources from the transmitter and receiver perspective (see Figure 1).
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Figure 1. Illustration of UE-specific transmission intervals.
For eNB controlled resource selection

In Rel.12, the single PSCCH resource pool is periodically allocated every PSCCH period. The subframes that are not part of PSCCH pool belong to PSSCH resources. The PSSCH pool resources are determined within the same PSCCH period.

In case of semi-persistent resource allocation, the following information needs to be signaled.
· Start PSCCH period is indicated implicitly by DCI Format 5 transmission timing.
· The indication of active PSCCH periods for semi-persistent allocation and scheduling. This information can be signaled in multiple ways:
· Alternative 1 – Bitmap mechanism over PSCCH periods
· PSCCH bitmap pattern to activate consecutive PSCCH periods, e.g. [1, 0, 0, 0, 1, 0, 0, 0]
· Number of PSCCH bitmap pattern repetitions (e.g. 1, 2, 4, 8) (determines SPS duration)
· Alternative 2 – Indication of periodicity and duration (multiple of PSCCH periods)
· Periodicity of transmission (multiple of PSCCH periods)
· Duration of transmission may be preconfigured or indicated (multiple of PSCCH periods)
· Alternative 3 – Indication of UE-specific transmission intervals

· PSSCH scheduling interval/window (e.g. [10, 20, 40, 80] or [10, 20, 25, 50] – can be preconfigured, similar to PSCCH period, but may cover or overlap with multiple PSCCH periods (can be interpreted as a scheduling window)
· Periodicity of PSSCH scheduling intervals/windows within semi-persistent allocation interval (e.g. [80, 160, 320, 640] or [100, 200, 400, 800, 1000] ms) – (periodicity of scheduling window)
· PSSCH semi-persistent allocation interval/duration (e.g. [640, 1280, 2560, 5120, inf] ms or [600, 1200, 2400, 4800, inf] ms – set of values can be preconfigured or signaled by RRC) (semi-persistent allocation window)
Based on the discussion above we have following proposals to support semi-persistent allocation on PC5 air-interface. 
Proposal 6
· For eNB controlled resource allocation

· Start of PSCCH period is indicated implicitly by DCI Format 5 transmission timing similar to Rel.12.
· Introduce concept of UE specific transmission intervals/windows
· FFS which parameters (SPS info) are signaled in DCI/SCI: scheduling interval(window), periodicity of scheduling interval(window), semi-persistent allocation interval(window)
· SCI is transmitted at the beginning of semi-persistent allocation interval/(window)
On amount of blind decoding attempts
Another enhancement that needs to be considered is the reduction of blind decoding attempts from the receiver perspective. In case of large SCI periods or scheduling intervals, the existing T-RPT mechanism may result in a large number of unnecessary decoding attempts over large number of subframes since it is very likely that only small portion of subframes will be utilized. Therefore it is desirable to schedule resources that will be eventually occupied (i.e. without overbooking). One way to reduce amount of scheduled subframes while keeping the existing T-RPT signaling is to eventually shorten the scheduling interval (window) so that T-RPT pattern with small number of ones can be used to indicate particular subframes. For large scheduling intervals it may be desirable to additionally signal pattern of T-RPT patterns to point to the scheduled subframes or introduce mechanism that can address any set of subframes within given scheduling period, that may require increased overhead. Another alternative is to reduce the set of T-RPT indexes and signal multiple T-RPT indexes within reduced set. In this case additional T-TRP index which does not schedule any subframes needs to be defined (i.e. NULL T-RPT).
Proposal 7
· Enhance T-RPT signaling mechanism to improve scheduling granularity and indication of utilized time resources (subframes).
For autonomous resource selection

For autonomous resource selection multiple pools can be configured emulating behavior of UE-specific transmission intervals (windows). However, instead of configuring multiple pools the same principle as discussed in proposal 6 for eNB controlled operation may be applied for autonomous resource selection. In addition, given that it was agreed that UE can report the geo-information to eNB and that geo-based transmission may benefit V2V performance in terms of resource selection, as it was shown in our companion contribution [9] this information can be also used to assist UE autonomous resource selection. In particular, eNB may indicate to UE which pool/scheduling interval should be used for resource selection. This mode of operation can be considered as semi-autonomous mode for resource selection.
Proposal 8
· Define eNB assistance signaling (pool, scheduling/sensing window), to improve semi-autonomous resource selection based on geo-information reporting and sensing from UE side.
4 Network Control for V2V Communication
The V2V communication performance may vary in time and space. In different sub-areas, 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 sub-areas 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 sub-areas. The network may provide the signaling to control transmission parameters/settings across different layers. For instance, it may control radio layer settings or V2X application layer settings.

4.1 Additional Reporting of Radio-Environment Conditions

The time and frequency selective sidelink RSSI measurements can be useful for eNB controlled PC5 V2V communication to decide on radio-layer transmission settings. Although these measurement may not be so important for fully eNB controlled PC5 V2V communication, given that UE reports geo-information to eNB and thus eNB can estimate amount of transmitters in specific sub-areas and optimize scheduling on PC5 link. However, this information may not be sufficient for cell-edge operation, where transmissions can be scheduled by other cells. Therefore, the geo-information combined with RSSI measurement and the amount of detected vehicles may be useful for eNB.
Proposal 9
· Further discuss additional reporting of information characterizing radio-environment (e.g. RSSI, amount of proximate transmitters, system loading).

· Introduce RSSI measurement on sidelink resources to assist eNB controlled PC5 V2V operation.
4.2 Control of Transmission Settings for PC5 V2V Communication
The eNB may broadcast signaling to control radio transmission parameters/settings. This control signaling may 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, MCS and number of retransmissions, TX power, congestion criteria and triggers.
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.
The network control, if enabled, should be geo-based and common to all vehicles of the same type within sub-area. The motivation to have a geo-based control is that vehicular traffic conditions may vary across sub-areas and time. Therefore depending on traffic conditions different metrics can be prioritized in different geo areas. 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.
5 Conclusions
In this contribution, we discussed different aspects of signaling for geo-information usage at eNB. The following observations and proposals are made:
Proposal 1

· In order to save geo-information reporting overhead, the relative geo-location reporting may be considered.

· The additional eNB signaling may be used to provide relative geo-location from UE side:

· Timestamps for acquisition of geo-information. Alternatively the timestamps may be associated with geo-information reporting instance with pre-configured time offset.

· Coordinates of relative reference geographical points, with respect to which the relative UE location is reported (indication whether reference point coordinates are collocated with eNB) including reference point coordinates configured in neighboring cells.
Proposal 2

· Support at least periodic reporting of geo-information with configurable reporting period.

· Consider adjustment of reporting intervals based on vehicle speed within pre-configured minimum and maximum values of transmission period.

· Signaling details and geo-information reporting formats are decided in RAN2 WG.
Proposal 3

· Inform RAN2 WG that coarse granularity of geo-location information is sufficient for eNB controlled PC5 transmissions (e.g. 30-50m granularity).
Proposal 4

· Specify additional PSCCH (SCI) period values for more efficient geo-based scheduling of eNB-controlled PC5 transmissions (e.g. 10, 20, 25, 50 ms).
Proposal 5

· Use Layer-2 mechanism for geo-information reporting.
· Use PUSCH for geo-information reporting from vehicle UE.
Proposal 6
· For eNB controlled resource allocation

· Start of PSCCH period is indicated implicitly by DCI Format 5 transmission timing similar to Rel.12.

· Introduce concept of UE specific transmission intervals/windows

· FFS which parameters (SPS info) are signaled in DCI/SCI: scheduling interval(window), periodicity of scheduling interval(window), semi-persistent allocation interval(window)

· SCI is transmitted at the beginning of semi-persistent allocation interval/(window)
Proposal 7

· Enhance T-RPT signaling mechanism to improve scheduling granularity and indication of utilized time resources (subframes).
Proposal 8

· Define eNB assistance signaling (pool, scheduling/sensing window), to improve semi-autonomous resource selection based on geo-information reporting and sensing from UE side.
Proposal 9

· Further discuss additional reporting of information characterizing radio-environment (e.g. RSSI, amount of proximate transmitters, system loading).

· Introduce RSSI measurement on sidelink resources to assist eNB controlled PC5 V2V operation.
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