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1. Introduction
In RAN1#84 meeting, a WF on potential enhancements on multicast/broadcast [1] was discussed, and the following conclusion was made based on discussions on the related issues:
	Conclusions:
· Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2V, V2I/N, and V2P:

· Optimization on set of cells performing the same multicast/broadcast

· Multicast/broadcast transmission based on PDSCH/PMCH

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2V, V2I/N, and V2P:
· UL enhancement (e.g., SPS enhancement, SR enhancement)


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 DL enhancement areas to achieve such performance benefits.
2. Discussion on potential enhancements

Based on observations from evaluation results [2], it can be concluded that the extension of using PDSCH to multi-cell broadcast is beneficial, in that the PDSCH is based on DMRS so that multi-cell coordinated transmission is possible similar to what can also be done by MBMS transmissions. More specifically, this PDSCH can be transmitted from either the serving cell or a neighboring cell, or even from multiple cells thanks to already supported TM10 operation for example, which cannot be operated based on SC-PTM since SC-PTM is only based on CRS with TM1/TM2 only.
Another major observation from evaluation results [2] is the benefit from a cluster optimization depending on the scenario. Specifically for freeway case, our considered cluster optimization brought significant PRR performance improvement thanks to the favorable environment of freeway case such as larger ISD and simpler deployment of cells compared to those of urban case. On the contrary, for the urban case, it was observed that clustering optimization seemed not easy due to more complicated distribution of cells and shorter ISD. Note for such cluster optimization, network can read the V2X message or use the newly agreed geo-information report.
Based on those observed benefits in terms of RAN1 evaluations, it seems necessary to send an LS to other related working groups to investigate whether those are feasible with exiting broadcast protocol architectures or with some possible protocol enhancements to achieve the observed benefits.
Proposal 1: Send an LS to other related working groups to ask for investigating whether the identified broadcast enhancement techniques based on RAN1 observations are feasible with exiting broadcast protocol architectures or with some possible protocol enhancements to achieve the observed benefits.
In the following, we further elaborate potential enhancement topics related to multi-cell broadcast from the physical layer point of view.

2.1. Demodulation RS
As discussed above, the merits of MBMS multi-cell transmissions need to be utilized to obtain robustness in performance. In this regard, it is highly desirable to reuse the physical format of PDSCH, resulting in overall significant performance gains as observed in our companion contribution [2]. 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 multi-cell coordinated broadcast (MCCB) with proper enhancements and further optimizations. 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.
2.2. 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.

2.3. 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, 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.

2.4. 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 [3] 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. 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.
3. Conclusion
This contribution discussed potential enhancement areas for multi-cell multicast/broadcast. Following proposals are given, based on the discussion:
Proposal 1: Send an LS to other related working groups to ask for investigating whether the identified broadcast enhancement techniques based on RAN1 observations are feasible with exiting broadcast protocol architectures or with some possible protocol enhancements to achieve the observed benefits.
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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