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Introduction
At RAN1#84, the following conclusion was made on enhancements to multi-cell multicast/broadcast [1]:
–	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
In this contribution, different Uu DL enhancements are compared. We examine A/N feedback and multi-cell coordinated synchronized transmission for SC-PTM as the candidate enhancements.
[bookmark: _Ref129681832]A/N feedback for V2X DL broadcast
Necessity of A/N feedback for V2X DL broadcast
One of the most important V2X services is safety-critical service, which requires high transmission reliability for the V2X message exchange between vehicles. In our previous Uu-based capacity analysis in RAN2 [2], it was observed that the cell edge users may not be able to get good enough packet reception ratio (PRR) performance due to severe inter-cell interference. When the vehicle (e.g., V1 in Figure 1) drives through the overlapping areas (e.g. the red area in Fig.1) of adjacent cells  the vehicle may encounter a relatively long period (e.g., several seconds) of high packet loss. During this period, the vehicle may lose the status of all surrounding vehicles, e.g. V2,V3,V4, which severely degrades the performance of V2X-based safety services, and may cause dangerous statement for V1. Note that this long-period high packet loss problem is specific to Uu-based V2X transmission, and does not affect PC5-based V2V. 
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[bookmark: _Ref447106356]Figure 1. Demonstration of long-period high packet loss problem for cell edge UE
One way to solve the long-period high packet loss rate problem is to design a feedback mechanism so that UEs at the cell edge can feedback indications of packet loss. When the eNB receives NACKs from cell edge users, the eNB can determine if it needs to retransmit, and if to retransmit, either by unicast, or SC-PTM with lower MCS. Note that if Uu-based V2X transmission is used, each of the UEs within the system should be in RRC_CONNECTED to transmit V2Vdata to the V2X application server on Uu uplink, therefore UE has not problem using HARQ. 
When MBSFN retransmission is required, there has to be some coordination by the MCE to allocate synchronized retransmission resources for each cell within the MBSFN area, which is very complicated. Consequently, it is proposed that only SC-PTM based feedback should be studied.
Observation 1: A/N feedback for SC-PTM is able to enhance the transmission reliability of cell edge users to overcome long-period high packet loss rate problem.
In Rel-13 SC-PTM SI, the idea of SC-PTM feedback was already proposed. Some simulations for SC-PTM with feedback are included in Section 6.2.2 [4]. 
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[bookmark: _Ref447185148]Figure 2. Comparison of spectrum efficiency for SC-PTM with and without feedback from Figure 6.2.2-1 [4]
It can be seen from Figure 2 that when the number of UEs in one cell is relatively small, the spectrum efficiency of SC-PTM with A/N and CSI feedback outperforms SC-PTM without feedback, since efficient link adaptation can now be performed. For larger number of UEs, the spectrum efficiency of SC-PTM with feedback will converge with SC-PTM without feedback. Therefore, if the A/N and CSI feedback for SC-PTM in Uu-based V2X DL is designed carefully, the spectrum efficiency can be enhanced when the number of vehicles UEs is not very large. 
Note that the reliability of SC-PTM transmission for Uu-based V2X DL will anyway be increased by the aid of A/N and CSI feedback regardless of the number of UEs.
Observation 2: When the number of vehilcle is not large, A/N and CSI feedback can further improve the spectrum efficiency of SC-PTM transmission.
Feedback design
Some of the main aspects for the design of A/N feedback of SC-PTM are discussed. Due to the broadcast nature, the feedback channel can be designed either on a per-UE basis or per-session basis. 
Option 1: per-UE feedback
Similar to the existing HARQ process, each vehicle UE is configured with a specific HARQ process for each MBMS session. The advantage of this option is that eNB is able to know which UE lost the group message, and decide whether to retransmit by unicast or broadcast. 
Option 2: per-session feedback
A common HARQ process is configured for each MBMS session. A common HARQ PUCCH resource is allocated where any UE can feedback an NACK upon failing to receive the group message. While this mechanism reduces the signaling overhead for HARQ, there is an unknown number of NACKs that are transmitted simultaneously on the common PUCCH resource, which may cause high interference to the other PUCCH within the same RB. 
Retransmission design
When UEs feedback NACKs to the eNB, the next issue is to determine a retransmission scheme. 
Option 1: broadcast retransmission
The option can reuse the philosophy of existing HARQ process that each MBMS session is allocated with one separate HARQ process. It seems straightforward to map the per-session feedback with broadcast transmission. Then eNB can follow the downlink HARQ retransmission scheme. The advantage of this option is that only one transmission is needed. However, due to the high density of vehicle UEs, it is possible that some UEs are under very poor SINR and the broadcast transmission may not help improve transmission reliability. Another possibility is to have per-UE feedback. Then, the eNB can decide whether to do broadcast retransmission based on the overall feedback status. However, the drawback is the high HARQ overhead.
Option 2: Unicast retransmission
Unicast retransmission can be used only if per-UE feedback is adopted. When one UE feedbacks a NACK, the eNB can use a more efficient transmission mode to improve the reception reliability of that UE. The problem may be left to determine the number of retransmissions, or the MCS reselection. 
Further investigation is needed to determine which option is best.
Proposal 1: Consider A/N and CSI feedback of SC-PTM as a potential enhancement for Uu-based V2X DL transmission. Details FFS
Synchronized multi-cell coordinated transmission
Necessity of synchronized multi-cell coordinated synchronized transmission
In RAN2 #93, the Uu-based V2V transmission was analyzed. The following agreement is given [2]:
-	It is challenging to meet the DL capacity requirement for the urban cases.  We will study DL enhancements to improve the DL capacity.  
-	Unicast cannot meet the capacity requirements for urban cases and freeway cases option 1.  
-	We will focus on improvements to broadcast mechanisms.  
In our previous contribution paper, the PRR performance of existing MBSFN and SC-PTM broadcast mechanism is provided [2]. The simulation assumptions are listed in Appendix B. Note that in all of the MBSFN simulations, all 10 subframes of a radio frame are assumed available for DL broadcast.
Table 1: PRR for different configurations by MBSFN
	Scenario
	PRR at target distance range 300-320m (PRR target=80%)
(Freeway, 70km/h, 10 Msgs/Sec)
	PRR at target distance range 140-160m (PRR target=90%)
(Urban, 60km/h, 10 Msgs/Sec)
	PRR at target distance range 140-160m (PRR target=90%)
(Urban, 15km/h, 10 Msgs/Sec)

	10MHz DL (MCS=5)
	0.5305
	0.5689
	0.1591

	10MHz DL (MCS=6)
	0.6826
	0.7587
	0.1882

	10MHz DL (MCS=7)
	0.8433
	0.9027
	0.2326

	10MHz DL (MCS=8)
	0.9732
	0.9749
	0.2683

	10MHz DL (MCS=9)
	0.9516
	0.9542
	0.3014

	10MHz DL (MCS=10)
	0.9403
	0.9442
	0.3671



Table 2. PRR for different configurations by SC-PTM
	Scenario
	PRR at target distance range 300-320m (PRR target=80%)
(Freeway, 70km/h, 10 Msgs/Sec)
	PRR at target distance range 140-160m (PRR target=90%)
(Urban, 60km/h, 10 Msgs/Sec)
	PRR at target distance range 140-160m (PRR target=90%)
(Urban, 15km/h, 10 Msgs/Sec)
	Performance gain of SC-PTM over MBSFN for Urban, 15km/h, 10 Msgs/Sec

	10MHz DL (MCS=5)
	0.5542
	0.6396
	0.1886
	18.5%

	10MHz DL (MCS=6)
	0.7890
	0.8448
	0.2298
	22.1%

	10MHz DL (MCS=7)
	0.9048
	0.9444
	0.2751
	18.3%

	10MHz DL (MCS=8)
	0.9577
	0.9669
	0.3177
	18.4%

	10MHz DL (MCS=9)
	0.9411
	0.9462
	0.3434
	13.9%

	10MHz DL (MCS=10)
	0.9355
	0.9405
	0.4075
	11%



It can be also observed from the results that:
· SC-PTM outperforms MBSFN in PRR performance when the system is limited by capacity.
· Neither SC-PTM nor MBSFN mechanisms can meet the requirement of 15km/h Urban case.
There are three reasons SC-PTM outperforms MBSFN in the small area broadcast scenario for V2X from the capacity perspective:
· Spectrum efficiency. The normal CP is adopted for SC-PTM, compared with extended CP for MBSFN. In addition, only at most 6 subframes of one radio frame can be configured as  MBSFN subframe.
· Transmission diversity. PDSCH provides two ports transmission, which can use TM2, and potentially for multi-stream transmission for future extensions in SC-PTM. While PMCH only defines one port.  
· Scheduling flexibility. SC-PTM can transmit in parallel with Uu unicast traffic within each subframe, while PMCH occupies the entire MBSFN subframe, which reduces the scheduling flexibility.
Therefore, SC-PTM should be considered as the baseline for Uu DL capacity enhancement.
Proposal 2: SC-PTM is the baseline for UU-based V2X DL capacity enhancement.
General analysis of synchronized multi-cell coordinated transmission for SC-PTM
To increase SC-PTM capacity, MCS can be increased. However, high MCS leads to more severe inter-cell interference and low PRR for cell edge users. Since for Uu-based V2X transmission, each V2X data is broadcast in several neighboring cells to guarantee coverage, synchronized multi-cell coordinated transmission for SC-PTM can improve performance, as the PRR for cell edge users can largely be improved by combining the PDSCH signals from neighboring eNBs. 
As V2X data is only typically used for relatively short range transmissions (over several hundred meters), the propagation delay is short, and the normal CP can be used for PDSCH.  This gives a competitive edge over MBMS since the advantages of spectrum efficiency, transmission diversity and scheduling flexibility still hold.
To support synchronized multi-cell coordinated transmission, the network should be first synchronized so that PDSCH signals from adjacent cells can be combined within the CP window. Then a common reference signal should be designed based on either CRS or DMRS so that UEs can do multi-cell joint channel estimation. Finally UEs are able to receive the combined signal from multiple cells. 
Proposal 3: In case of synchronized network, multi-cell coordinated SC-PTM transmission is supported. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Based on the discussion and analysis, we have the following observations and proposals.
Observation 1: A/N feedback for SC-PTM is able to enhance the transmission reliability of cell edge users to overcome long-period high packet loss rate problem. 
Observation 2: When the number of vehicle is not large, A/N and CSI feedback can further improve the spectrum efficiency of SC-PTM transmission.
Proposal 1: Consider A/N and CSI feedback of SC-PTM as a potential enhancement for Uu-based V2X DL transmission. Details FFS
Proposal 2: SC-PTM is the baseline for UU-based V2X DL capacity enhancement.
Proposal 3: For synchronized network, multi-cell coordinated SC-PTM transmission is supported. 
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