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

Conclusion:
· RAN1 has observed performance benefit with the following enhancements to DL multicast/broadcast :

· Dynamic scheduling for multicast/broadcast transmissions

· I.e., PDCCH-based scheduling of TBs associated to a TMGI

· Semi-static scheduling for multicast/broadcast transmissions

· Use of DM-RS based transmission scheme from multiple TPs including reception for idle UEs

· This does not imply introduction of any new TM

· DMRS-based single-cell multicast

· PDSCH transmitted from multiple TPs

· CRS based PDSCH/PDCCH transmitted from TP(s) that differ from the TP(s) transmitting the system information

· DMRS based PDSCH/EPDCCH transmitted from different TP(s) 

· Use of normal CP

· HARQ feedback

· CSI feedback

· Note 1: Gain, complexity, and specification impact of each enhancement are expected to be different.

· Note 2: some enhancements may be possible without spec impact.

· Note 3: Network/UE complexity has not been studied in RAN1.

· Note 4: some enhancement(s) listed above may assume some level of inter-TP coordination, which does not necessarily result in spec changes

· Note 5: some enhancement(s) listed above may be based on contribution(s) from a limited number of company or companies

· RAN1 is still continuing study at least some of the above enhancements 

· The above is to be captured in the TR

· Send LS to RAN2 to inform the following feature is beneficial from RAN1 viewpoint:

· UE identifies which broadcast transmissions (e.g., TMGI) are relevant to it, e.g., depending on the position of the UE.

In this contribution, we provide details on PDSCH-based multicasting to support V2X services. In particular, DMRS-based transmission scheme specific to V2X scenarios, which utilizes some open-loop transmission schemes and partial CSI reporting, is proposed. 
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. 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. 3 km/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 [3], an open-loop MIMO pre-coding (or beam-forming) based scheme is proposed for high mobility UEs assuming no CSI feedback. Since UE mobility range is large in V2X (from 0 km/h to 500 km/h), a more flexible MIMO multicasting scheme may be needed. One such scheme can be based on an open-loop transmission with partial CSI feedback in which eNB performs MIMO pre-coding for V2X UEs based on partial CSI feedback from UEs. In Rel.14 eFD-MIMO [4], a class of DMRS-based transmission schemes which utilizes some open-loop transmission schemes and partial CSI reporting is being considered to enable semi-dynamic beamforming [3], which is applicable for V2X multicasting.  
This scheme is illustrated in Figure 2. In particular, an open-loop transmission scheme such as beamformer (or pre-coder) cycling is introduced in conjunction with long-term and wideband PMI reporting , where the PMI corresponds to a beam group in 1D or 2D depending on the antenna port layout at eNB. For instance, the PMI may correspond to the W1 component feedback, i.e., (i1,1,i1,2), from a dual-stage W1W2 Class A codebook in Rel. 13 FD-MIMO – 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. It is evident that this scheme is particularly suited for group-based multicasting in V2X scenarios since the eNB can group UEs based on their W1 feedback.
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Figure 2: Dynamic and semi-dynamic beamforming
The schemes similar to the one mentioned above are currently being evaluated in RAN1 eFD-MIMO, and based on the evaluation; RAN1 will decide whether to provide the specification support for such schemes. However, the specification support provided in eFD-MIMO, even if agreed, may not be sufficient for V2X scenarios. Some V2X-specific enhancements may still be needed, especially in the context of group-based multicasting.
Proposal 4: Consider V2X-specific enhancements to enable group-based multicasting with semi-dynamic eFD-MIMO beamforming

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

Rel. 13 Class A FD-MIMO codebook is parameterized by five parameters, which include a parameter Codebook-Config to support four types of W1 beam groups as shown in Table 1. Note that the number of beams, L = 1 for Codebook-Config = 1, and L = 4 for Codebook-Config = 2, 3, and 4.
Table 1: Codebook-Config to beam group mapping 

	Codebook-Config
	Beam group

	1
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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. Note that the L value effects the pre-coder cycling operation at the eNB. 
The L value can be a new W1 codebook parameter for V2X UEs. An example of the set of supported L values is {1, 2, 4, 8}. An illustration of Codebook-Config to beam group mapping for L = 1, 2, 4, 8 is shown in Table 2.
Table 2: Config to rank 1/2 beam group mapping based on L for N1 ≥ N2
	Codebook-Config
	L = 1 beam
	L = 2 beams
	L = 4 beams
	L = 8 beams

	2
	
[image: image7.emf]1

0

0123


	
[image: image8.emf]1

0

0123


	
[image: image9.emf]1

0

0123


	
[image: image10.emf]1

0

0123

4567



	3
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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. Therefore, 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. 
In addition to W1 feedback, the subset of UEs can optionally be configured to report a WB CQI for MCS selection. Finally, for pre-coder cycling, the transmission rank can be fixed to 1. So, no RI is reported in the CSI.   

Finally, since a UE in a UE group can either be in RRC_CONNECTED or RRC_IDLE mode at any given time, the configured subset of UEs for CSI reporting should be from the subset of UEs in the UE group that are RRC_CONNECTED.

Proposal 6: CSI is reported from from at least one UE in the V2X UE group that is in the RRC_CONNECTED mode. The CSI comprises of the following:

· (Assuming RI = 1), W1 beam group for semi-dynamic pre-coder cycling at eNB; and

· (Optional) WB CQI.

3. Evaluation Assumptions
In order to justify the need for V2X specific enhancements, the system-level performance evaluation of the candidate MIMO schemes such as semi-dynamic pre-coder cycling in V2X scenarios should be performed. Since the evaluation assumptions for semi-open loop transmission schemes in eFD-MIMO is agreed in [5], we propose to take the agreed simulations in eFD-MIMO in [5] and evaluate the V2X scenarios according to TP 36.885 [6]. Based upon this, the simulation assumptions for candidate MIMO schemes applicable V2X scenarios are provided in Table 3. The remaining simulation assumtions can be according to [5].
Table 3: Simulation asssumptions

	Parameter
	Assumption

	System bandwidth
	10 MHz 

	Carrier frequency
	2.0 GHz  

	Scenario, Channel model
	Urban, Freeway [6]

	UE drop and mobility
	Sec A.1.2 of TP 36.885 [6]

	Modulation
	QPSK, 16 QAM 

	Channel model for RSU
	Follows the agreed channel model in the email discussion of [83-05]

	MCS
	Companies should provide with the reasoning why such a setting is used

	Antenna modeling
	From 36.873, model 2 for polarization

	Traffic model 
	V2X traffic model 1 or 2 as in Section A1.5 of [6]

	Wrapping method
	Section A.1.3 of [6]

	Handover margin
	3 dB

	Metrics
	Packet reception ratio (PRR) defined in Section A.1.6 of [6], (Optional) Mean, 5% UPT

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	eNB antenna assumption
	Dual-polarized [+45, -45] polarizations; 8, 16, or 32 ports

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12  assumptions

	UE Rx configuration
	2 Rx x-pol. (+90/0)

	Feedback 
	Companies should state the CSI reporting mode(s) used in their simulations

	
	Feedback delay is 5 ms

	Overhead 
	3 symbols for DL CCHs and 2 CRS ports
For DMRS overhead, 
· DMRS with 12 REs for the closed-loop
· Specify DMRS overhead for the proposed DMRS based open-loop

	Scheduler 
	Companies should state the schedulers used in their simulations

	CSI-RS/SRS periodicity
	5 and/or 10 msec
The proposed and baseline scheme can use different CSI-RS/SRS periodicities 

	Baseline
	Companies should state their baseline schemes based on what is possible in the Rel-13 specification


Proposal 7: For performance evaluation, the simulation assumptions should be obtained by combining evaluation assumptions for eFD-MIMO as in [5] and for V2X scenarios as in [6]; an example simulation assumption table can be as in Table 3.
4. 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: Consider V2X-specific enhancements to enable group-based multicasting with semi-dynamic eFD-MIMO beamforming

· In addition to long-term PMI feedback and precoder 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: CSI is reported from from at least one UE in the V2X UE group that is in the RRC_CONNECTED mode. The CSI comprises of the following:

· (Assuming RI = 1), W1 beam group for semi-dynamic precoder cycling at eNB; and

· (Optional) WB CQI.
Proposal 7: For performance evaluation, the simulation assumptions should be obtained by combining evaluation assumptions for eFD-MIMO as in [5] and for V2X scenarios as in [6]; an example simulation assumption table can be as in Table 3.
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