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Introduction
In RAN1 #84bis it was agreed that:
Agreement:
· For SPS of V2V traffic for mode-1 SPS on PC5:
· The eNB may configure multiple SPS configurations for a given UE
· At least SPS-configuration-specific MCS (if MCS is part of the SPS-configuration) and SPS-configuration-specific periodicity can be configured
· FFS if/which other SPS parameters can differ across the SPS-configurations
· The eNB can dynamically trigger/release the different SPS-configurations by use of (E)PDCCH
· Details of the trigger/release are FFS
· Working assumption: The UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration
· FFS any details of the signaling protocol
· FFS whether eNB acknowledgment of the UE indication is needed

In this paper we discuss agreement similar solution for 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 this protocol may also be used in combination with other UL SPS enhancements. We do not see the benefit of the eNB acknowledging back to the UE that it may drop its data transmission instance.
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.

Multiple SPS configurations
RAN1/2 are discussing whether the UE shoud be able to select between multiple SPS configurations depending on instantaneous traffic properties (e.g., packets average generation interval and packet size). We believe that such enhancement might be beneficial, but it is quite unclear how the eNB could gather updated meaningful information about the periodicity and size.
In order to dynamically signal the preferred SPS process index, a mechanism similar to the one described in Section 2 can be reused, taking advantage of UE-specific PUCCH resources and PSUCH when available.
Observation:
· It is necessary to clarify how the eNB can correctly select the SPS configuration before agreeing on support of multiple SPS configurations.

In case of multiple SPS configurations for a UE, for example one configuration for periodicity T=100 ms, another configuration for T = 200 ms, and so on, we believe that only one SPS configuration should be active at a given time. This is a reasonable assumption because a UE is most likely having one type of periodic messages at a time (e.g., CAM). Moreover, having more than one simultaneously active SPS configurations makes it hard to keep track of each configuration, complicating signalling on both Uu and PC5.
Proposal:
· In case of multiple UL SPS configurations in a UE, only one configuration is active at a time.

The next question is how to switch from one SPS configuration to another one in case of multiple configurations. One option would be the eNB observes some signalling from the UE and based on that to make the switch. For example in Section 1 the eNB could observe the frequency of SPS_UL_Tx_ACK to infer on the change in the UE’s traffic. This seems to be reasonable if T is changed from T1 to T2>T1. However, it may not work when the change is from T2 to T1. Another option would be the UE estimates the interarrival time of the packets and send this information to the eNB. This approach is more robust to change in T. The report can be sent in PUCCH, possibly jointly with SPS_UL_Tx_ACK.
Proposals:
· A number of reports are defined in order to help eNB to configure the UL SPS process and to activate the correct configuration.
· The UE sends information about predicted message inter-arrival time for a given LCID, according to eNB signaling.
· The predicted message inter-arrival time is obtained by averaging the inter-arrival time for most recent N packets (e.g., N=4)
· Packet “arrival time” corresponds to the time where the packet becomes available to the UE radio layers.
· The UE sends information about predicted requested resource allocation size and number of retransmissions  for a given LCID, according to eNB signaling.
· The predicted requested resource allocation size is determined by the UE based on its internal link adaptation and conforming to limitations imposed by the centralized/distributed congestion control as well as synchronization status and speed.
· The reports may be periodic or triggered by changes in the predicted message inter-arrival time and predicted requested resource allocation size compared to the previously signaled values for that LCID. Details up to RAN2.

Another issue is if a new SPS configuration is started before the retransmission of the previous SPS configuration has not finished. In this case a simple solution would be: the UE priotizes finishing the ongoing retransmission, then switch to the new SPS configuration. 
Proposal: 
· During switching to a new SPS configuration, the UE prioritizes finishing the ongoing retransmission processes.

Conclusion 
In this contribution we discuss different aspects of supporting SPS over Uu for V2X.
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.
Observation:
· It is necessary to clarify how the eNB can correctly select the SPS configuration before agreeing on support of multiple SPS configurations.
Proposals:
· In case of multiple UL SPS configurations in a UE, only one configuration is active at a time.

· A number of reports are defined in order to help eNB to configure the UL SPS process and to activate the correct configuration.
· The UE sends information about predicted message inter-arrival time for a given LCID, according to eNB signaling.
· The predicted message inter-arrival time is obtained by averaging the inter-arrival time for most recent N packets (e.g., N=4)
· Packet “arrival time” corresponds to the time where the packet becomes available to the UE radio layers.
· The UE sends information about predicted requested resource allocation size and number of retransmissions  for a given LCID, according to eNB signaling.
· The predicted requested resource allocation size is determined by the UE based on its internal link adaptation and conforming to limitations imposed by the centralized/distributed congestion control as well as synchronization status and speed.
· The reports may be periodic or triggered by changes in the predicted message inter-arrival time and predicted requested resource allocation size compared to the previously signaled values for that LCID. Details up to RAN2.
· During switching to a new SPS configuration, the UE prioritizes finishing the ongoing retransmission processes.
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