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Introduction
In this paper we discuss enhancements to the Uu cellular interface with focus on V2X applications, based on considerations on simulation results in [2]. Cellular control plane enhancements in support of PC5 enhancements are treated in corresponding papers focusing on PC5. Uu enhancements that do not have relevance for RAN1 are also omitted from this paper.
The following conclusions from RAN1#84 are taken as starting point for discussion:
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)

[bookmark: _Ref442449611]Enhancements to UL SPS
[bookmark: _Ref447099176]UL acknowledgments of next UL SPS transmission
It is tempting to use SPS to schedule CAM traffic over Uu even though current SPS is not suitable, as it is, for V2X traffic due to the higher dynamicity and irregularity of packets arrivals [1]. Thus, we propose some enhancements to the SPS protocol that will improve network efficiency in case of V2X traffic. 
In order to cope with irregular traffic we propose that the UE acknowledges individual transmissions that are scheduled in a semi-persistent way. The acknowledgment is carried on PUCCH prior to the actual transmission. The eNB has the chance to reuse unacknowledged resources for other purposes. Figure 1 provides an example of the proposed protocol.
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Figure 1: Enhanced SPS for CAM traffic.
We observe that a similar protocol can also be applied for acknowledging transmissions for mode-1 PC5.
Proposals:
· The UE needs to acknowledge each transmission scheduled by the eNB with SPS.
· The eNB may reuse unacknowledged SPS resources for other purposes.

Signaling of the UL acknowledgments of next transmission (SPS_UL_Tx_ACK) should be sent as close in time to the actual potential transmission as possible and efficiently from an overhead and reliability perspective. On the other hand sufficient time should be given to the eNB in order to potentially schedule other UEs on the unacknowledged resource. We see that a mechanism similar to the existing framework for A/N UL signaling for SPS can be reused, where UE-specific periodic PUCCH resources are configured by the eNB. Legacy mechanisms for multiplexing UL control info on PUCCH/PUSCH can be reused with minimal changes. E.g., the PUCCH resource for SPS_UL_Tx_ACK can be RRC-configured by the eNB in a UE specific way. Any existing PUCCH format could in principle be reused since it is only 1 bit/UE, but we are open to have more discussion on this. In case of PUSCH and PUCCH in same subframe, the SPS_UL_Tx_ACK can be appended to any of the other UL control info carried on PUSCH, e.g., the CSI.
Proposals:
· UL acknowledgments of next transmission is carried by PUCCH or PUSCH (when configured) in UE-specific RRC configured resources
· For PUCCH one of the existing formats is reused with no changes at L1.
· For PUSCH the UL acknowledgments of next transmission bit can be appended to other L1 control info carried by PUSCH (e.g., to the CSI report, if any). No changes in L1 coding needed.

Dynamic selection of UL SPS configuration
RAN2 is discussing whether the UE shoud be able to select between multiple SPS configurations depending on instantaneous traffic properties (e.g., packets average generation interval). We believe that such enhancement is beneficial.
In order to dynamically signal the preferred SPS process index, a mechanism similar to the one described in Section 2.1 can be reused, taking advantage of UE-specific PUCCH resources and PSUCH when available.
Proposals:
· Decision on support of multiple UL SPS processes per UE is pending in RAN2.
· Dynamic UL SPS process index selection can be carried in a similar way as UL acknowledgments of next transmission. We see the two proposals as complementing each other.
 
Enhancements to UL Reporting for DL Multicast
A first useful optimization for DL multicast consists of providing acknowledgments for the DL transmissions. This can serve either of two purposes, namely improving reliability (in which case a NACK is likely followed by a retransmission) and providing delivery reports to higher layers (in which case a retransmission is not implied). The retransmissions may be unicast or multicast, depending on whether MBSFN or SC-PTM is used and up to eNB decision. We thus propose a flexible framework for A/N reporting where A/N can be signaled in UE-specific UL channels or in a common shared UL PUCCH report, in which case only NACK would be signaled with energy detection. 
Proposals:
· The eNB can configure different types of L1 A/N feedback for DL multicast transmissions 
· UE-specific A/N on UE-specific RRC configured resources using PUCCH/PUSCH 
· Reuse legacy PUCCH/PUSCH A/N encoding and formats
· TMGI-specific Nack on RRC configured TMGI-specific resources using at least PUCCH/PUSCH
· Coding for PUCCH Format 1 is reused.


Finally, we observe that MBMS is supported for both RRC CONNECTED and IDLE UEs and that the reporting is greatly simplified under the assumption that UEs are RRC CONNECTED. We believe that such a restriction is acceptable and suggest the following restriction.
Proposal:
· Do not support UL feedback for DL multicast transmissions for RRC IDLE UEs.

Other DL Multicast Enhancements
A further potential improvement area includes support of TM10 for SC-PTM. At this point it is not clear whether there is any significant benefit with DL CoMP in multicast scenarios and ITS traffic that justifies the significant NW complexity increase. Our preference is that RAN work focuses on the simpler enhancements mentioned above and, if there is sufficient time in the SI, study and evaluate with lower priority the potential benefits offered by TM10 in conjunction with SC-PTM.
Proposal:
· TM10 support with SC-PTM may be studied with low priority, but our initial preference is to prioritize multicast enhancements with lower NW complexity.

Conclusions 
In this contribution we discuss Uu enhancements for ITS traffic.
Proposals:
· The UE needs to acknowledge each transmission scheduled by the eNB with SPS.
· The eNB may reuse unacknowledged SPS resources for other purposes.
· UL acknowledgments of next transmission is carried by PUCCH or PUSCH (when configured) in UE-specific RRC configured resources
· For PUCCH one of the existing formats is reused with no changes at L1.
· For PUSCH the UL acknowledgments of next transmission bit can be appended to other L1 control info carried by PUSCH (e.g., to the CSI report, if any). No changes in L1 coding needed.
· Decision on support of multiple UL SPS processes per UE is pending in RAN2.
· Dynamic UL SPS process index selection can be carried in a similar way as UL acknowledgments of next transmission. We see the two proposals as complementing each other.
· The eNB can configure different types of L1 A/N feedback for DL multicast transmissions 
· UE-specific A/N on UE-specific RRC configured resources using PUCCH/PUSCH 
· Reuse legacy PUCCH/PUSCH A/N encoding and formats
· TMGI-specific Nack on RRC configured TMGI-specific resources using at least PUCCH/PUSCH
· Coding for PUCCH Format 1 is reused.
· Do not support UL feedback for DL multicast transmissions for RRC IDLE UEs.
· TM10 support with SC-PTM may be studied with low priority, but our initial preference is to prioritize multicast enhancements with lower NW complexity.

References
[1] R1-162815		Observations on CAM Message Periodicity and Payload, 	Ericsson
[2] R1-162834		Simulation Results for Uu-Based V2V,	Ericsson



image1.png
eNB UE

UL SPS configuration/activation

Confirmation of UL transmission

(Potential) UL transmission

oo MR e e e
Confirmation of UL transmission
(Potential) UL transmission
e MR e ]
Confirmation of UL transmission
(Potential) UL transmission
oo MR e e e

UL SPS deconfiguration/release





