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1
Introduction

In this contribution we discuss downlink enhancements for Uu based V2V. 

The structure of this contribution is as follows:

· Section 2 discusses the different downlink enhancements concluded on during RAN1#84bis. 

· Section 3 discusses CoMP specific enhancements

· Section 4 concludes the contribution.

2
Downlink Enhancements
During RAN1#84bis the following conclusion was agreed to on downlink enhancements for Uu based V2V.

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.

Furthermore RAN2 agreed that 

· DL enhancements 
· Both MBSFN and SC-PTM can be used
These enhancements can be categorized as applicable to different downlink broadcast/multicast mechanisms. These are SC-PTM, MBSFN broadcast and downlink CoMP.  Table 1 below summarizes the applicability of different enhancements.

	Enhancement
	MBMSFN
	SC-PTM
	CoMP

	Dynamic scheduling for multicast/broadcast transmissions
	No
	Yes
	Yes*

	Semi-static scheduling for multicast/broadcast transmissions
	Yes
	No
	No

	Use of DM-RS based transmission scheme from multiple TPs
	No
	No
	Yes*

	DMRS-based single-cell multicast
	No
	Yes*
	No

	PDSCH transmitted from multiple TPs
	No
	Yes
	Yes*

	CRS based PDSCH/PDCCH transmitted from TP(s) that differ from the TP(s) transmitting the system information
	No
	Yes*
	No

	DMRS based PDSCH/EPDCCH transmitted from different TP(s)
	No
	No
	Yes*

	Use of normal CP
	Yes*
	Yes
	Yes

	HARQ feedback
	Yes*
	Yes*
	Yes*

	CSI feedback
	Yes*
	Yes*
	Yes*


*Indicates enhancements that will require standardization changes

Table 1: Applicability of various enhancements to MBSFN, SC-PTM, and CoMP
We now consider each of the enhancements individually.
· Dynamic scheduling for multicast/broadcast transmissions
· i.e., PDCCH-based scheduling of TBs associated to a TMGI
Since RAN2 has already agreed to using SC-PTM for Uu based V2V this enhancement is already agreed to.

· Semi-static scheduling for multicast/broadcast transmissions
Again since RAN2 has already agreed to use MBSFN for Uu based V2V this enhancement is already agreed to.

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

· This does not imply introduction of any new TM

This enhancement can be applied to CoMP where some broadcast specific changes may be needed. We discuss these changes in more detail in Section 3.
· DMRS-based single-cell multicast

SC-PTM can be modified to introduce new DMRS. However since the transmission is single cell and is broadcast the need for a new reference signal is unclear. While DMRS can be used for enabling spatial multiplexing and multi-user MIMO the gains and feasibility of such modes for broadcast have not been demonstrated.
· PDSCH transmitted from multiple TPs

This enhancements applies to both SC-PTM and CoMP. For SC-PTM no standardization changes are needed. For CoMP where some broadcast specific changes may be needed. We discuss these changes in more detail in Section 3.
· CRS based PDSCH/PDCCH transmitted from TP(s) that differ from the TP(s) transmitting the system information
This enhancements applies to SC-PTM. In our companion contribution [1] we show results for Reuse 3. The results show minimal gain for the scheme. Furthermore the changes needed to mute CRS can impact legacy UEs significantly. Based on the minimal gain and large amount of standardization effort such a change is not preferred.
· DMRS based PDSCH/EPDCCH transmitted from different TP(s) 
This enhancements applies to CoMP. For CoMP where some broadcast specific changes may be needed. We discuss these changes in more detail in Section 3.
· Use of normal CP

This enhancements applies to MBSFN. In our companion contribution [1] we show results for normal CP with MBSFN. The results show significant gains for capacity limited cases. Furthermore this is a comparatively simple change to standards and should be supported. 

· HARQ feedback
HARQ feedback can improve downlink reception rate. However several factors need to be considered. If HARQ retransmissions are introduced then given the tight latency requirements for Uu based V2V (see [2][4]) the time for additional HARQ retransmissions is limited, at most a few tens of milliseconds. The channel needs to vary fast enough within such delay constrained period in order to justify introduction of HARQ retransmissions.
To understand the potential gain of HARQ we computed both the average and effective SINR with soft-receiver combining at the receiver for SC-PTM, eMBMS and Reuse 3 scheme [4] for Urban case (see [3] for details). The exact formula for the effective SINR calculation is provided in Appendix A. The results are plotted in Figure 1 below. We plot the effective SINR for different values of number of transmissions combined N and time delay between consecutive HARQ transmissions d. We simulated the best case scenario for HARQ by setting vehicles speeds to 140 km/hr.
Since the target is to improve broadcast performance we focus on the 5 percentile point. We note that gain in average & effective SINR is only around 0.5-1 dB compare to no soft combining even for large values of N & d (i.e. 48ms and 56ms).

We furthermore note that the overhead of introducing HARQ can be significant for broadcast & multicast since a large number of devices need to provide feedback. Furthermore this will force all UEs to be RRC_CONNECTED while to receive Uu.
Based on this we propose that no HARQ retransmissions be introduced.
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Figure 1: CDF of average and effective average SINR for Urban case with vehicles speed at 140 km/hr
· CSI feedback
Similar to HARQ CSI feedback will need a significant overhead for broadcast & multicast and will force UE to become RRC_CONNECTED. Furthermore the advantage of using CSI is likely to be minimal. Vehicles are mobile and this will make the CSI feedback unreliable. Furthermore given the broadcast/multicast nature of downlink the choosing a low value of MCS can give most of the gains.

3 Downlink CoMP Enhancements
CoMP was standardized in Release 11. The focus of the enhancement was on unicast transmission. CoMP needs to be modified for broadcast & multicast transmission.
Observation 1: CoMP needs to be modified for broadcast & multicast transmissions.
Transmission point selection for CoMP is not feasible. This is because for broadcast & multicast different vehicles will likely prefer different TPs and a common set of TPs is unlikely to be selected. Therefore rather than TP selection joint transmission on downlink should be considered. Assignment for joint transmission also needs to be considered. Enhancements to enable joint transmission needs to be considered.
Observation 2: Only joint transmission instead of TP selection needs to be considered CoMP.
To enable joint transmission several enhancements need to be considered. The first one is a DCI format needed to enable to joint transmission.

Observation 3: New DCI format needs to be defined to enable joint transmission.
The joint transmission can be either SFN or not. If the transmissions are not SFN then the advantage CoMP over SC-PTM is unclear. Therefore SFN transmissions need to be considered.

Observation 4: Joint transmissions from different TPs need to use SFN.
Making transmissions SFN can be challenging due to several reasons. One issue is of CRS from different TPs and rate matching for CRS from different TPs in the joint transmission. One way to solve the issue is to use cell ids such that the CRS from different TPs collide. This may lead to reduced performance for unicast transmissions. Another approach is to code around super set of CRS locations from different TPs. This may lead to large overhead. Furthermore the UEs need to be informed about the CRS locations of different TPs. Another option is to use MBSFN subframes. This limits subframe availability.
Observation 5: For joint SFN transmissions the issue of CRS transmissions from different TPs needs to be resolved.
Another issue is of QCL. Because of joint transmission from different TPs that may not have the same cell id, CRS cannot be assumed QCL for downlink data demodulation. Furthermore while DMRS initialized by virtual cell id has been standardized in Release 11 the current DMRS structure may not be sufficient to counter the Doppler issue. It should be discussed whether a new DMRS structure is needed.  

Observation 6: For joint SFN transmissions the issue of QCL and DMRS structure needs to be discussed.
4
Conclusion

In this contribution we discussed various downlink enhancements for Uu based V2V. The following table summarizes our position on the enhancements.

	Enhancement
	MBMSFN
	SC-PTM
	CoMP
	Proposal

	Dynamic scheduling for multicast/broadcast transmissions
	No
	Yes
	Yes*
	Already agreed to for SC-PTM. Can be considered for downlink CoMP with discussed enhancements for broadcast/multicast.

	Semi-static scheduling for multicast/broadcast transmissions
	Yes
	No
	No
	Already agreed to for MBSFN.

	Use of DM-RS based transmission scheme from multiple TPs
	No
	No
	Yes*
	Can be considered for downlink CoMP with discussed enhancements for broadcast/multicast.

	DMRS-based single-cell multicast
	No
	Yes*
	No
	The advantage of such an approach for SC-PTM have not demonstrated.

	PDSCH transmitted from multiple TPs
	No
	Yes
	Yes*
	Already agreed to for SC-PTM. Can be considered for downlink CoMP with discussed enhancements for broadcast/multicast.

	CRS based PDSCH/PDCCH transmitted from TP(s) that differ from the TP(s) transmitting the system information
	No
	Yes*
	No
	This enhancements to SC-PTM has limited gains and will require standardization changes that may not be backward compatible.

	DMRS based PDSCH/EPDCCH transmitted from different TP(s)
	No
	No
	Yes*
	Can be considered for downlink CoMP with discussed enhancements for broadcast/multicast.

	Use of normal CP
	Yes*
	Yes
	Yes
	Can give significant advantage for MBSFN in capacity limited scenario.

	HARQ feedback
	Yes*
	Yes*
	Yes*
	Will lead to limited gains with large overhead and force UEs to become RRC_CONNECTED.

	CSI feedback
	Yes*
	Yes*
	Yes*
	Will lead to limited gains with large overhead and force UEs to become RRC_CONNECTED.


*Indicates enhancements that will require standardization changes

We also made the following observations on downlink CoMP enhancements for broadcast/multicast.
Observation 1: CoMP needs to be modified for broadcast & multicast transmissions.
Observation 2: Only joint transmission instead of TP selection needs to be considered CoMP.
Observation 3: New DCI format needs to be defined to enable joint transmission.
Observation 4: Joint transmissions from different TPs need to use SFN.
Observation 5: For joint SFN transmissions the issue of CRS transmissions from different TPs needs to be resolved.
Observation 6: For joint SFN transmissions the issue of QCL and DMRS structure needs to be discussed.
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Appendix A

The effective SINR is computed as follows:
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Where the constant c is 1.464, N is the number of soft-combining packets, and SINRi is the SINR of each transmission. 
