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1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for all the three V2X services, V2V, V2I, and V2P. This contribution discusses potential enhancement areas for Uu-based V2V, V2I/N, and V2P according to the SID objective: 
3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
The necessity of enhancements to multi-cell multicast/broadcast has been shown in our companion contribution [2] based on the relevant evaluation results, and in this contribution we focus on potential enhancement areas to achieve such performance benefits.
2. Overview on multi-cell multicast/broadcast
Most of V2X messages need to be delivered to all the UEs in some area (e.g., all the UEs within the target range of the transmitter in case of V2V and V2P). Thus, it is natural to consider multicast/broadcast mechanism when LTE DL is used for V2X operations. We note that, because there are many UEs in a cell, DL unicast for V2X message delivery is not a feasible option as discussed in [3].

LTE currently has MBMS for the multicast mechanism and specifies SC-PTM as another solution. One challenge in using DL broadcast for V2X is the lack of spatial resource reusability: Depending on the location of the message generation UE, a V2X message generated in a cell needs to be delivered to UEs in neighboring cells. Figure 1 illustrates this situation. UE0 in Cell 0 generated a V2X message and its message needs to be delivered to UE2 and UE3 that are in the target range of UE0 but within the coverage of cell 1. Thus, the network needs to broadcast the message of UE0 both in Cell 0 and Cell 1. Moreover, if Cell 0 is not aware of the exact target range of UE0 message, the network should transmit it in any possible neighboring cells including Cell 2 in Figure 1. As a result, the same messages need to be transmitted redundantly in multiple cells, thereby reducing the possibility of spatial resource reuse of the cellular communication systems. Figure 2 shows the corresponding broadcast transmissions in the hexagonal cell layout. Here, the cells in the same color constitute one cluster in which all the cells transmit the messages generated in the center cell of the cluster. We note that all the cells in a cluster transmits the same signal in the MBMS case, so inter-cell interference disappears within each cluster. On the other hand, cells in a cluster transmits difference signal and there is inter-cell interference in the SC-PTM case although the cells in a cluster actually transmit the same message. By following the operation in Figure 2, a cell transmits message generated in it in one subframe out of a set of 7 subframes; it transmits messages generated in neighboring cells in the remaining 6 subframes of the set. As a result, the effective traffic load to LTE DL becomes sevenfold and the broadcast channel capacity can be a problem if all the generated V2X messages are transmitted in this way.
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Figure 1. An illustration of V2X message delivery to UEs in neighboring cells
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Figure 2. An example of multi-cell broadcast for V2X in the hexagonal cell layout

Although the two existing mechanisms provide the basic operation of V2X message broadcast, there are still rooms for further optimization from the physical layer viewpoint. The current MBMS is mainly designed for multimedia transmission over a wide area. So it is based on static resource allocation, which is not suitable for V2X services with strict latency/reliability requirement and dynamic change of traffic load. For example, it should be possible to increase the resource amount for V2X message transmissions when more vehicles move to an area or many event-triggered messages are generated simultaneously. In addition, the current MBMS operates with high RS and CP overhead, which is unnecessary for transmissions to an area with moderate size considering up to several hundred meters of V2V message range. SC-PTM may support more dynamic resource allocation with less overhead. However, its per-cell transmission nature is unable to exploit the benefit of MBSFN transmissions from multiple cells which can provide better quality to cell-edge UEs and also not possible to avoid redundant transmissions of the same message from multiple cells when the target area is covered by several cells. Thus, it can be useful to study an option which can provide the gain of multi-cell transmissions in an MBSFN form with more dynamic scheduling and less overhead.

One possible enhancement for DL multicast/broadcast is to apply the idea of CoMP. As mentioned above, the target coverage of a V2X message is relatively small, so only a few cells need to participate in the transmission. Such a set of cells will form a cluster, and coordinated transmission can be done within each cluster. We can consider two options for multi-cell coordinated multicast/broadcast:

· One coordination option is the joint transmission, and its effect is basically the same as MBSFN transmission in that signals from multiple cells are combined in the air. The difference from MBMS would be a lower overhead by using normal CP and dynamic adaptation of time/frequency resources according to traffic variation.

· Another coordination option is the cooperative silencing depicted in Figure 3. If cells surrounding a cell keep silent while the center cell broadcasts its V2X messages, the range of the center cell can be expanded to encompass neighboring cell UEs that are within the target range of the transmitting messages.
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Figure 3. An example of cooperative silencing for V2X in the hexagonal cell layout.

In this multicell-coordinated multicast/broadcast, PDSCH can be reused for the physical format. Table 2 compares the number of REs available for data transmissions in a PRB pair. It is noteworthy that, if the joint transmission uses PDSCH structure with the same multicast cluster as MBMS, it can achieve the SINR of MBMS and effectively the same performance can be provided with less resource consumption. For example, if MBMS uses 5 subframes per radio frame (510 REs per PRB pair per radio frame), almost the same coding rate can be provided by joint transmission (using DMRS-based PDSCH in MBSFN subframes) with 4 subframes per radio frame (528 REs per PRB pair per radio frame), which implies 20 % DL resource saving while keeping the same SINR.
In addition to such a noticeable benefit by DL resource saving, much more enhanced system performance can be achieved compared to existing MBMS, if the MCS for the joint transmission is dynamically set by L1 scheduling grant. This dynamic scheduling is natural when we consider to reuse PDSCH for the broadcast physical format. Relevant additional performance gains are shown in our companion contribution [2].
Table 2. Number of available REs in the multicast/broadcast options.

	
	Number of available REs per PRB pair
	Assumption:

- Normal CP in PDSCH

- 2 symbol PDCCH

- 2 port CRS

- No CSI-RS

	PMCH
	102
	

	CRS-based PDSCH (used for SC-PTM)
	132
	

	DMRS-based PDSCH
	132 in MBSFN subframe
120 in non-MBSFN subframe
	


Observation 1: Capacity problem can occur in using LTE multicast/broadcast mechanisms for V2X if all the messages are transmitted via DL with limited bandwidth.
Observation 2: Multi-cell coordinated multicast/broadcast based on PDSCH format has potential to improve the V2V performance compared to the existing MBMS and SC-PTM.
Proposal 1: V2X study needs to consider enhanced DL multicast/broadcast which enables dynamic multi-cell coordinated transmission with less overhead.

3. Discussion on potential enhancements

3.1. Demodulation RS
As discussed above, the merits of MBMS JT need to be utilized also for the multi-cell coordinated broadcast (MCCB), and at the same time, it is highly desirable to reuse the physical format of PDSCH, resulting in overall significant performance gains. In order to practically achieve the noticeable gain and implement it efficiently over the existing cellular network, TM10 based PDSCH format is regarded to be attractive for MCCB with proper enhancements and further optimizations.
Although we may alternatively consider to extend the existing SC-PTM to be applicable for MCCB as well, it seems not appropriate since CRS is used for demodulation for SC-PTM, where only TM1 or TM2 can be used for configuring the SC-PTM. Considering that MCCB requires multi-cell joint transmission as discussed above with Figure 1, DMRS-based PDSCH format should be considered so that a kind of joint transmission can be efficiently applied with DMRS, instead of CRS.
When we consider to reuse TM10 for MCCB, existing features supported by TM10 including quasi co-location (QCL) assumptions and rate matching (RM) behaviours, and so on, should be thoroughly checked so as to properly support MCCB on top of TM10.
Proposal 2: DMRS-based PDSCH is used for MCCB transmissions, and TM10 based enhancements need to be considered with further investigations including QCL and RM behaviors.
3.2. Open-loop precoding
As mentioned above, appropriate DMRS-based open-loop precoding schemes for MCCB need to be further studied, since the current DMRS-based transmission modes are using closed-loop precoding which is based on UE’s CSI feedback. Due to the high mobility of V2X UEs, the current closed-loop based DMRS PDSCH is not feasible for MCCB. Instead, some efficient open-loop precoding schemes are desired to obtain spatial diversity from multiple antennas in a single eNB as well as from multiple cells to achieving macro diversity. Potential solutions can include changing precoder across time/frequency resources and applying space-time/frequency code based on DMRS.
Proposal 3: Schemes for obtaining macro diversity from multi-cells and OL-MIMO precoding within a cell need to be further studied, to achieve robust performance for MCCB transmission.

3.3. Dynamic scheduling
Regarding scheduling needed for MCCB, it is shown that dynamic MCS variations on scheduled DMRS-based MCCB PDSCH provide significant performance gains [2] against a semi-statically fixed MCS used for existing MBMS. Therefore, detailed operational behaviours on the dynamic MCS indication for MCCB scheduling can be further investigated including the aspect of search space and DCI format design.
In addition, as partly illustrated in Figures 2 and 3, the multicast/broadcast cluster dynamically changes in each subframe. Thus, the dynamic scheduling needs to be able to provide such dynamic changes in the multicast/broadcast clustering. 
Proposal 4: Dynamic MCS indication for MCCB scheduling should be supported based on the observed significant gain over existing MBMS, with further investigations including the aspect of search space and DCI format design.
Proposal 5: Dynamic multicast/broadcast clustering should be supported, where the cluster can change dynamically so that MCCB transmitting cells can vary in each subframe.

3.4. Power saving mechanism
In case of V2P, power saving mechanism for pedestrian UE should be investigated, compared to vehicle UE which in general does not require battery saving. Our initial analysis in the companion contribution [2] shows significant potential gains of power saving, compared with the case of always receiving any V2X messages regardless of the message generation location. For example, it would be beneficial if P-UE can be informed of whether a MCCB message is intended to the P-UE or not, even for its serving cell transmitting the MCCB message as well. It is because the MCCB message itself may be generated in a neighbouring cell, but the serving-cell can transmit the message together as explained from Figure 1. If this kind of information is provided to the P-UE, then the UE can skip the reception of the message and save its battery consumption. How to inform P-UE of such location-dependent TX and the related information needs to be further studied.
Proposal 6: Power saving mechanism for pedestrian UE should be investigated.
4. Conclusion
This contribution discussed potential enhancement areas for multi-cell multicast/broadcast. Following observations and proposals are given, based on the discussion:
Observation 1: Capacity problem can occur in using LTE multicast/broadcast mechanisms for V2X if all the messages are transmitted via DL with limited bandwidth.
Observation 2: Multi-cell coordinated multicast/broadcast based on PDSCH format has potential to improve the V2V performance compared to the existing MBMS and SC-PTM.
Proposal 1: V2X study needs to consider enhanced DL multicast/broadcast which enables dynamic multi-cell coordinated transmission with less overhead.

Proposal 2: DMRS-based PDSCH is used for MCCB transmissions, and TM10 based enhancements need to be considered with further investigations including QCL and RM behaviors.
Proposal 3: Schemes for obtaining macro diversity from multi-cells and OL-MIMO precoding within a cell need to be further studied, to achieve robust performance for MCCB transmission.

Proposal 4: Dynamic MCS indication for MCCB scheduling should be supported based on the observed significant gain over existing MBMS, with further investigations including the aspect of search space and DCI format design.

Proposal 5: Dynamic multicast/broadcast clustering should be supported, where the cluster can change dynamically so that MCCB transmitting cells can vary in each subframe.

Proposal 6: Power saving mechanism for pedestrian UE should be investigated.
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