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Introduction
At RAN1#84bis, the following conclusion was made on enhancements to multi-cell multicast/broadcast [1]:
•	RAN1 has observed performance benefit with the following enhancements to DL multicast/broadcast :
–	Use of DM-RS based transmission scheme from multiple TPs including reception for idle UEs
–	DMRS-based single-cell multicast
–	HARQ feedback
–	CSI feedback
In this contribution, the detailed design for the above technical issues is discussed, and the potential solutions are provided.
[bookmark: _Ref129681832]Design of A/N and CQI feedback for V2X DL broadcast
A/N and CQI Feedback design
First, A/N feedback should be supported such that the eNB can know if the UEs within the cells receive the broadcast messages successfully. The eNB can accordingly decide to either retransmit the packet or adjust MCS for the following transmissions to guarantee PRR. In addition, CQI is beneficial for selecting the appropriate MCS, not only for retransmission but also for the first transmission.
For MBSFN transmission, as the MBSFN subframes are scheduled by the MCE, the MCE needs to receive A/N and CQI feedbacks from all of the cells within the MBSFN area for transmission adaptation. With SC-PTM, the A/N and CQI feedback does not need to be forwarded to the core network beyond the eNB. Therefore, A/N and CQI feedback are much simpler in SC-PTM than in MBSFN. 
Note that as only TM1/2 is used for both SC-PTM and MBSFN, there is no need to use CSI feedback, CQI feedback is sufficient.
Proposal 1: For single cell multicast case, A/N and CQI feedback should be enhanced. 
Option 1: per-UE feedback
For per-UE feedback, each UE is configured with HARQ resources individually. The key problem is to allocate the A/N feedback resources for PUCCH. With SC-PTM, there is the chance that unicast TBs and SC-PTM TB(s) are transmitted in the same TTI for the same UE. Therefore, the feedback on PUCCH should contain the ACK/NACK/DTX status of both the unicast and SC-PTM transmission. A good design is to reuse the existing PUCCH format to accommodate the A/N feedback of both transmissions.
For CQI, the RSs for unicast and multicast may be different, e.g., DMRS for unicast DL and C-RS for multicast DL. Thus, two CQIs may be needed for the unicast and the SC-PTM messages, respectively. Since uplink overhead is not the system bottleneck, the 2 CQIs should be sent separately using similar rules as the existing ones defined in 36.213. 
Proposal 2: For per-UE feedback, the A/N feedback for coexistence of multicast and unicast transmission in one TTI should reuse existing PUCCH format. CQI feedback for unicast and multicast are sent separately on the two PUCCH resources. 
Option 2: per-session feedback
In this option, a common HARQ process is configured for each V2X SC-PTM session with a common PUCCH resource allocated. Any UE receiving the SC-PTM session feeds back an NACK upon failing to receive the message. The eNB can roughly estimate the number of UEs with NACK feedback based on the total received power, as the HARQ UEs are in RRC_CONNECTED and the closed loop power control ensures that the received power from each UE is similar at the eNB side.
Proposal 3: For per-session feedback, a common A/N feedback resource is allocated. 
Transmission adaptation based on A/N and CQI feedback
As mentioned in section 2.1, eNB may have the following 2 actions after receiving NACK and CQI: 
· Retransmission based on feedback 
A straightforward way is to reuse existing HARQ mechanism and retransmit the SC-PTM packet to guarantee the packet reception rate (PRR) when a certain number of UEs feedback NACKs or low CQIs. However, the retransmission only improves the PRR for the UEs failing to receive the first transmission. Simulation results show that the retransmission scheme is not efficient for high vehicle density scenario.
· MCS adjustment based on feedback 
In this case, based on NACK or low CQI feedback, the eNB may select a more conservative MCS for the following V2X transmission. A lower MCS can guarantee that more UEs can receive the next V2X packets correctly. Compared with option 1, more packets can be broadcast to UEs given a certain amount of resources instead of wasting on retransmissions. 
Simulation results
We first provide some SC-PTM results for the fixed MCS. Fixed MCS 13 has around 89% PRR, close to the 90% target performance, and with relatively higher spectrum efficiency (1.98bps/Hz) than with MCS=8 (1.30bps/s/Hz). MCS 8 has the PRR of around 97%, which can be used for retransmission to guarantee PRR.  
Table 1. Simulation assumptions
	Parameter
	Value

	Deployment scenario
	Urban

	Cellular Layout
	19 cell sites, 3 sectors per site

	Inter-site distance
	500m for urban

	Carrier frequency
	2000MHz

	Bandwidth
	10MHz

	Duplex method
	FDD

	UE speeds of interest
	60km/h for urban 

	UE antenna gain
	3dB

	SC-PTM configuration
	10 subframes are fully used
MCS is fixed
Normal CP
SFBC

	Transmission scheme with HARQ and CQI feedback
	Each UE send A/N feedback for each packet. Only one HARQ process.
· For retransmission scheme, the first transmission uses MCS 13. If the portion of NACK is above a given threshold within one TTI, the packet is retransmitted with MCS 8 by multicast in T+8. Only one time retransmission.
· For MCS adjustment scheme, each packet is first transmitted using MCS 13. If the portion of NACK is above a given threshold within one TTI, the next packet will be transmitted with MCS 8.
· In both cases, assume each UE feedbacks CQI and a CQI threshold is set. If the percentage of UEs with CQI feedback a large MCS (e.g., MCS 14) is above the threshold, the MCS can replace MCS 13 for the first transmission. The retransmission is fixed to MCS 8. 
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[bookmark: _Ref450910850]Figure 1. Performance of MCS adjustment
We also provide the performance of coverage radius to fulfill 90% PRR for different MCS schemes. It can be seen from Table 2 that: if the MCS increases gradually, the coverage area of 90% PRR does not shrink very rapidly, just drop from 147m for MCS 8 to 123 m for MCS 13 for Urban 60km/h case. That is mainly because the target PRR is 90% for V2X, rather than 99% for traditional data service, so it is beneficial to adopting more aggressive MCS for first transmission. 
Table 2 the coverage radius with 90% PRR in Urban 60kmh scenario
	MCS
	8
	10
	12
	13

	The coverage radius with 90% PRR (m)
	147
	133
	126
	123



In the Urban 60kmh scenario, the number of UEs is not large, the MCS adjustment based on HARQ and CQI feedback is helpful for system spectrum efficiency. Since the target BLER is 10% for V2X service, higher MCS can be used to improve the overall spectrum efficiency. Take the simulation results in Figure 1 for example, When the MCS adaption threshold is 10%, i.e., when more than 10% of UEs within the cell fail to receive a packet, the next packet is sent by MCS 8. Because some of the packets are transmitted in lower MCS 8, the total PRR reaches 90% target outperforming fixed MCS 13 scheme. However, the resource utilization is only 59.6%, compared with 64.2% resource utilization for fixed MCS=12, which is the highest fixed MCS to fulfill 90% PRR in urban 60km/h case. Therefore, MCS adjustment can guarantee PRR performance while improving spectrum efficiency when the vehicle density is not high.
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[bookmark: _Ref450911074]Figure 2. The performance of retransmission based on HARQ and CQI feedback
The performance of retransmission based on feedback is shown in Figure 2. A NACK threshold is introduced.  If the percentage of UEs with feedback NACK within one TTI is above the NACK threshold, the retransmission with MCS 8 will be done in the next TTI. The system PRR cannot fulfill the target 90% requirement with all possible thresholds. First, if the NACK threshold is set too low, the number of retransmission becomes large and the resources are used up for retransmission, some first transmissions are dropped due to delay outbound. When the threshold is set too high, the number of retransmission is not enough, and the PRR performance cannot be reached. The retransmission only improves the PRR for the  UEs failing to receive the first transmission, and more resources will be occupied for retransmission to guarantee the acceptable PRR．
Observation 1: When the target PRR is fulfilled, HARQ and CQI feedback with MCS adjustment provides higher spectrum efficiency than fixed MCS scheme for Urban 60km/h scenario. 
Observation 2: HARQ feedback with retransmission cannot provide sufficient PRR performance for Urban 60km/h scenario.
DMRS based single-cell transmission and synchronized multi-cell coordinated transmission for DL broadcast
DMRS based single-cell transmission
In [1], it is agreed to support DMRS-based single cell transmission. The option has been discussed in Rel-13 SC-PTM [4]. DMRS is designed for close-loop transmission mode, i.e., TM 8/9/10, and  precoding vectors are multiplied on both DMRS and data  to generate directional beam pointing to the UE to achieve beamforming gain. Such precoding processing cannot be used for broadcast communication since the precoders cannot be matched for all the users. The use of cell-specific RS is sufficient  for broadcast transmissions.  
Proposal 4: DMRS-based single-cell broadcast should not be supported for V2X broadcast communication. 
Synchronized multi-cell coordinated transmission for DL broadcast
For multi-cell coordinated transmission for DL broadcast, one fundamental issue is the choice of transmission mode.
One approach is to use open-loop transmission mode for the broadcast channel. In existing SC-PTM, TMs 1 and 2 are used, and are both based on CRS channel estimation. The design principle of SC-PTM could be extended to utilize open-loop TM for multi-cell transmission. Therefore, the CRS-based solution is more compatible with SC-PTM. 
With closed-loop transmission (e.g., TM 8/9/10), the problem is how to select the appropriate precoding matrix to satisfy the reception performance for all of the UEs within the broadcast area. It seems difficult to select a precoded RS that is beneficial for all UEs.
Proposal 5: DMRS-based and CRS-based synchronized multi-cell coordinated transmission should be evaluated. CRS appears to be more appropriate.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Based on the discussion and analysis, we have the following observations and proposals.
Proposal 1: For single cell multicast case, A/N and CQI feedback should be enhanced. 
Proposal 2: For per-UE feedback, the A/N feedback for coexistence of multicast and unicast transmission in one TTI should reuse existing PUCCH format. CQI feedbacks for unicast and multicast are sent separately on the two PUCCH resources. 
Proposal 3: For per-session feedback, a common A/N feedback resource is allocated. 
Observation 1: When the target PRR is fulfilled, HARQ/(and CQI) feedback with adaptive MCS selection provides higher spectrum efficiency than fixed MCS scheme in Urban 60km/h scenario. 
Observation 2: HARQ feedback with retransmission cannot provide sufficient PRR performance for Urban 60km/h scenario.
Proposal 4: DMRS-based single-cell broadcast should not be supported for V2X broadcast communication. 
Proposal 5: DMRS-based and CRS-based synchronized multi-cell coordinated transmission should be evaluated. CRS appears to be more appropriate.
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