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Discussion and decision
1. Introduction
In RAN1#84, the following conclusion was reached based on a way forward (see [1,2]): 

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)

In this contribution, we provide details on PDSCH-based multicasting to support V2X services. 
2. Discussion
2.1 PDSCH-based Multi-casting for V2X DL 
Two alternatives exist in legacy specifications to perform multicast/broadcast. 
1. One is multi-cell multicast/broadcast (eMBMS), where fully synchronized multiple cells transmit exactly same V2X data to users under the eMBMS SFN area. 
2. The other is one cell multicast/broadcast i.e. single cell – point to multipoint (SC-PTM), in which V2X data is multicast/broadcast per cell, similar to a system broadcast information transmission scheme in a legacy network.
eMBMS is motivated by the fact that one road may go across multiple cells, coordinated multi-cell multicast/broadcast can cover the road simultaneously and SFN transmission can provide high cell edge spectrum efficiency. However, eMBMS may also restrict the application of Uu based V2X communication in the geographical area out of SFN network coverage, which is not advantageous for exploiting the benefits of V2X communication functionalities. From a physical layer perspective, several MBSFN subframes have to be configured per frame to support eMBMS with low latency and this can impact unicast DL transmissions. eMBMS utilizes the multicast channel (PMCH) for its transmissions. There is no uplink channel available for any feedback from UEs for link adaptation. Given that V2X multicasting is geo location specific, there is no need to transmit the same information across the entire SFN network. 
Since SC-PTM does not rely on SFN network deployment, it allows much easier implementation. As SC-PTM can be multiplexed with unicast DL transmissions in normal DL subframes, an eNodeB has the flexibility to schedule unicast DL transmissions and V2X transmissions. Furthermore, the latency introduced by SC-PTM may be much smaller than eMBMS (20ms less), which allows larger SPS periodicity. Also, an uplink channel is available for feedback, which can be used for link adaptation.  SC-PTM provides an intermediate solution between multicast for large groups using MBMS and unicast for small groups using PDSCH, which is well suited for V2X communication. 

Proposal 1: PDSCH-based multicasting (using SC-PTM, for example) is proposed for V2X service transmission as it offers geo location specific transmissions, scheduling flexibility, uplink feedback and low latency.
2.2 Need for enhancements for PDSCH-based multicasting
Currently, PDSCH-based multi-casting is CRS-based using DCI formats 1A/1C for transmission. Thus, only TM1 and TM2 transmissions can be used.  If DMRS-based transmissions can be considered, it can provide support for improved capacity using features such as TM10-based multicast and MU-MIMO schemes. 

Proposal 2: Evaluate DMRS-based multicasting for PDSCH 

Multiple group RNTIs:

Furthermore, multicasting can be grouped based on geo information such as location and/or direction of traffic. Multiple groups can be supported within a cell based on geo information. Different group RNTIs can be assigned in the cell based on its location. The receiving UE only decodes the transmissions based on the group RNTI configured for its current location. Thus, the UE can avoid decoding multicast messages, irrelevant to its current location, enabling the UE to save power. This can be important, especially if the UE is a pedestrian UE.  Figure 1 shows an example where multiple groups are used for V2X multicasting based on direction and location.
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Figure 1: Multiple groups for V2X based on geo information
Proposal 3: Multiple group RNTIs should be provided for V2X, which are location specific. The UE decodes multicast messages by using a group RNTI configured for its current location. 

MIMO enhancements for V2X:
To provide higher resource utilization with improved spectral efficiency and low latency, MIMO techniques such as FD-MIMO (either in its Rel.13 version or anticipated Rel.14 enhancements) should be considered for V2X communication. Similar enhancements for MIMO operation have been proposed in [3]. When a large number of TXRUs is available for PDSCH-based multicasting, FD-MIMO features can be utilized to increase the quality of DL transmission via beamforming gain. However, Rel.13 FD-MIMO was designed primarily for low mobility UEs (e.g. 3km/h) which focuses on enabling dynamic beamforming and thus may not be suitable for V2X scenarios with high-mobility requirements (with the maximum of 500km/h relative speed). In Rel.14, a class of DMRS-based transmission schemes which utilizes some open-loop transmission schemes and partial CSI reporting is being considered for eFD-MIMO to enable semi-dynamic beamforming [4] which is applicable for V2X multicasting. 
This scheme is illustrated in Figure 2. In particular, an open-loop transmission scheme such as beamformer cycling is introduced in conjunction with long-term and wideband PMI reporting (W1 component feedback from a dual-stage W1-W2 codebook – which represents a beam group). As the UE is configured to report PMI associated with W1-only, the eNB transmits the multicast data via a group of beams (rather than one beam as typically done in dynamic beamforming). As evident, this scheme is particularly suited for group-based multicasting since the eNB can group UEs based on their W1 feedback.
To enable semi-dynamic beamforming for V2X, some possible V2X-specific enhancements can be studied especially in the context of group-based multicasting. 
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Figure 2: Dynamic and semi-dynamic beamforming
Proposal 4: Evaluate specification enhancements to enable group-based multicasting with semi-dynamic FD-MIMO beamforming

· In addition to long-term PMI feedback and beamformer cycling at the transmitter 

Assuming each UE group corresponds to a UE group speed which can be anywhere between 0 - 500 km/h. The number of beams (L) in a beam group of the W1 codebook should be a function of UE group speed. For instance, the UE speed range 0 - 500 km/h can be divided into multiple UE speed sub-ranges and we can have multiple possible values for L. Note that the speed range for UEs in a given geographical area would be highly correlated. Each of these UE speed sub-ranges can then be mapped to a single L value. If the UE group speed falls in a specific UE speed range, then the corresponding L value is considered in W1 reporting.
The number of beams (L value) can be reported to the eNB for precoder cycling in the CSI report. Alternatively, eNB can configure an L value to the UE group using higher-layer signaling.
Proposal 5: The number of beams (L) in the W1 beam group should be selected from the set of possible L values based on UE group speed. The L value is either reported to the eNB for precoder cycling or configured by the eNB to the UE group.
Since UEs belonging to each UE group are likely to have highly correlated channels, the W1 feedback from all UEs in a UE group may not necessary. So, eNB can configure W1 reporting from a subset of all UEs in a UE group. For example, W1 is reported from at least one UE in the UE group based on a round-robin W1 reporting scheme. 

Proposal 6: W1 should be reported from at least one UE in the UE group based on a round-robin scheme, for example.
3. Conclusion
Based on the discussion, the following proposals are made: 
Proposal 1: PDSCH-based multicasting (using SC-PTM, for example) is proposed for V2X service transmission as it offers geo location specific transmissions, scheduling flexibility, uplink feedback and low latency.
Proposal 2: Evaluate DMRS-based multicasting for PDSCH 

Proposal 3: Multiple group RNTIs should be provided for V2X, which are location specific. The UE decodes multicast messages by using a group RNTI configured for its current location. 

Proposal 4: Evaluate specification enhancements to enable group-based multicasting with semi-dynamic FD-MIMO beamforming

· In addition to long-term PMI feedback and beamformer cycling at the transmitter 

Proposal 5: The number of beams (L) in the W1 beam group should be selected from the set of possible L values based on UE group speed. The L value is either reported to the eNB for precoder cycling or configured by the eNB to the UE group.

Proposal 6: W1 should be reported from at least one UE in the UE group based on a round-robin scheme, for example.
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