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1 Introduction

As it is was shown in our companion contribution [1], the support of Uu based V2V communication is rather challenging in terms of DL considering the legacy MBSFN and SC-PTM broadcast/groupcast communication modes especially for Urban dense scenario defined in V2X SI [3]. In this contribution, we discuss potential enhancements required to improve performance of legacy transmission modes.

2 Legacy Transmission Modes 

The Uu-based V2V communication assumes DL broadcasting of the data originated from Uu-V2V source UEs to the UEs located in V2V target communication range from source UE. Considering the large number of UEs that should receive the same data, the broadcast/groupcast data transmission should be utilized for data delivery. Currently, the following two broadcasting mechanisms are supported in LTE:

· Multicast-Broadcast Single Frequency Network (MBSFN) data transmission is based on same signal transmission from the set of cells that belong to particular MBSFN area. MBSFN data transmission cannot be multiplexed with PDSCH or synchronization signals and, hence, the only subset of subframes (according to current specification max 6 subframes per frame) can be allocated for MBSFN transmission which limits MBSFN capacity. The another drawback of the MBSFN is the broadcast nature of transmission, which means that all UEs in MBSFN area coverage should try to detect all packets even if their source V2V UE is out of V2V communication range.
· Single Cell Point-To-Multipoint (SC-PTM) transmission technique assumes groupcast data transmission from the single cell to associated UEs. The SC-PTM transmission in each cell reuses PDSCH resource mapping and CRS signals for demodulation. In application to V2V communication, the multiple groupcast SC-PTM transmissions could be scheduled in the same subframe.
3 Enhanced Broadcast/Groupcast Transmissions Schemes
The following enhanced Broadcast/Groupcast transmission schemes were identified in [2] and further evaluated in our companion contribution [1]:

· Inter-cell muting with UE reception from multiple cells. According to this scheme, cell muting approach is applied to reduce inter-cell interference. In this transmission scheme, V2V packets are transmitted from one cell, where they were received in UL that prevents overall system loading increase. The UE may need to receive packets from neighboring cells at different time instances.
· SFN cell clustering. In this scheme the same data/signal is transmitted from multiple cells which constitute the SFN cell cluster. This approach can be used to improve V2V packet reception reliability, but at the same time increases load in the system since multiple cells should transmit the same data (forwarded from the serving cell).
In this paper, we discuss the challenges and enhancements required to support described transmission options based on MBSFN and SC-PTM transmission modes.
3.1 General Enhancements

The Uu based V2V communication may utilize the knowledge of V2V transmitter geographical position to improve system performance, given that V2V message of transmitting vehicle should be delivered to vehicles within predefined range from transmitter (e.g. 150 m and 320 m for Urban and Freeway scenarios respectively). In order to optimize Uu V2V service, the geo-information of V2V transmitter and/or receivers may be utilized for several purposes: 1) coordinated inter-cell transmissions in order to enable reliable delivery of V2V service; 2) reduction of UE receiver complexity based on geo-specific processing of Uu signals.

In order to extract these benefits at radio layers, the geo-information signaling could be introduced for Uu V2V communication. It should be noted that geo-information reporting was already agreed by RAN1 WG for PC5 V2V communication and thus this information is available at the access stratum. In this document, we briefly describe how geo-partitioning procedure can be applied to assign short logical identifier to geo-specific processing at the UE and eNB/network side.

3.1.1 Geographical Partitioning

The geo-partitioning can be applied to divide the considered geographical area into the multiple geo sub-areas (that may or may not overlap) of smaller size that can be served by one or multiple cells (see Figure 1
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Figure 1. Geographical area partitioning on geo sub-areas
The geographical sub-areas can be associated with logical identifier (sub-area ID), that may be locally unique within the certain geographical region and assigned by network. The geometrical form of the geographical sub-area can be described by arbitrary geometrical shape (e.g. polygon, ellipsoid etc.) that can be represented by center coordinate and shape descriptor. The WGS-84 format defined in TS 23.032 [4] for coordinate and geographical shape descriptor could be used for geo-partitioning. The geo-partitioning can be utilized at the eNB/network side to determine the set of transmitting cells in order to deliver the V2V message from each V2V transmitter, depending on the UE presence in geographical area. From the UE reception perspective, the geo-partitioning can be used to determine the set of cells or associated DL resources for reception of V2V messages.

Proposal 1:

· The geo-partitioning principle is considered to determine the set of transmitting cells or reduce UE reception complexity for Uu based V2V/P communication.

· The geo-partitioning signaling details are FFS in RAN2
3.1.2 On Geo-Information Usage

Given that V2V communication is tightly associated with geo-location information, the logical geo-identifiers can be assigned to the services that carry geo-specific V2V data. These geo-specific services may be associated with spectrum resources utilized in different cells to serve specific geo-location. The transmission schedule in each cell may be associated with geographical sub-areas and in general may be transparent to specification. At the same time the inter-cell resource coordination management may be beneficial from system level performance perspective and at least semi-static coordination mechanism should be considered. This is also important from the UE receiver perspective that may use assigned geo-identifiers to determine transmission resources utilized by different cells for transmission of geo-specific information (resources to be monitored from neighboring cells). For this purpose, additional eNB assistance signaling may be needed as described in the next section.
3.2 Potential MBSFN Enhancements

The both inter-cell muting and SFN cell clustering schemes could be supported with MBSFN transmission mode. The main disadvantage of the MBSFN transmission is the limited number of available subframes and wideband allocation even if small amount of data need to be transmitted. In case of low traffic loading, the utilization of the wideband transmission may lead to increased interference at the edge of MBSFN area. The possibility to utilize fractional frequency reuse in MBSFN resource allocation may allow to perform efficient coordinated inter-MBSFN area resource allocation to reduce the impact from interference.

Observation 1:

· The concept of fractional frequency reuse may be beneficial for MBSFN transmission modes and requires further analysis.
3.3 Potential SC-PTM Enhancements

In case of local forwarding combined with SC-PTM transmission modes, the UE may need to receive data from multiple cells in TDM manner if V2V receiver is in communication range of V2V transmitter associated to neighbor cell (see Figure 2). Below we discuss the challenges and potential enhancements required to support this scheme in SC-PTM transmission mode.
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Figure 2: Reception from multiple neighbouring cells
Network Assistance Information
In order to simplify vehicle reception from multiple cells, the additional network assistance information may be needed. The receiver UE based on its own geographical coordinate should be able to determine the set of cells to be monitored and/or transmission schedule of geo-cast SC-PTM transmissions in this set. This transmission schedule may be semi-statically configured across cells and broadcasted to UE, so that UE can monitor relevant cells and serving cell is aware about it. The transmission schedule may be aligned with inter-cell muting in order to reduce interference from multiple cells. This assistance information may be provided by the serving cell of UE or broadcasted by multiple cells.
Synchronization

The time synchronous deployment should be considered for the case when UE receives from multiple cells at different time instances. One of the potential issues which may exist is that the signals from the neighboring cells may have certain time and/or frequency misalignment comparing to the serving cell. To enable efficient SC-PTM multi-cell operation the CRS signals from different cells can be used for the time/frequency offset estimation and adjustment. Since the transmissions from different cells are TDM’ed either post- or pre-FFT time/frequency adjustment can be applied. The time division multiplexing from multiple cells is essential so that UE can receive signal from the dominant cells at each time instance.
Control Channel Transmission/Reception
There are two options of control channel transmission/reception in case of SC-PTM reception from multiple cells:
· Transmission/reception of control signals from serving cell. This mode reduces benefits of local forwarding since requires additional coordination among eNBs and fast backhaul connection. This mechanism may be similar to dynamic point switching defined for CoMP operation.
· Transmission/reception of control signaling directly from neighbor cell. Assuming that depending on geographical coordinate UE can figure out the transmission schedule of relevant geo-cast information from neighboring cells it may be able to receive both data and control transmission from non-serving cell. The geo-specific control channel search space can be introduced to monitor geo-cast transmissions.

Resource element mapping
The physical channels resource element mapping may need to be aligned across cells or provided to UE by higher layers (e.g. cell ID, number of CRS APs, PDSCH start symbol, ZP and NZP CSI-RS, etc).

Observation 2:

· The SC-PTM reception from multiple cells may require additional network assistance signaling to enable inter-cell muting, information about geo-specific multicast transmission schedule and resource element mapping.

4 Conclusions

In this contribution, we provided our views on enhancements in Multicast/Broadcast transmission schemes to support Uu based V2V communication. The following proposals and observations are made:

Observation 1:

· The concept of fractional frequency reuse may be beneficial for MBSFN transmission modes and requires further analysis.

Observation 2:

· The SC-PTM reception from multiple cells may require additional network assistance signaling to enable inter-cell muting, information about geo-specific multicast transmission schedule and resource element mapping.

Proposal 1:

· The geo-partitioning principle is considered to determine the set of transmitting cells or reduce UE reception complexity for Uu based V2V/P communication.

· The geo-partitioning signaling details are FFS in RAN2
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