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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 open issues in the agreement.
Mode-1 SPS on PC5
Semi-persistent scheduling (SPS) has been specified in LTE uplink and downlink, aiming at reducing signalling overhead for delivering VoIP traffic which has 20ms periodicity. The SPS, however, was not supported over sidelink (PC5) in Rel-12/13, which may come from the non-periodic nature of the D2D traffic. For V2X communications we see potential benefits of SPS because certain types of V2X messages such as the CAM messages are recurrent. In the rest of this paper we only discuss SPS over PC5, leaving SPS over Uu for a companion contribution [1].
Observation: 
· SPS can be beneficial for V2X because some V2X traffics are recurrent.

[bookmark: _Ref450228098]Parameters for SPS configuration
A key difference compared to VoIP traffic, however, is that the CAM messages are not strictly periodic [2], meaning that the messages inter-arrival times may exhibit some repetitive patterns but do not stay constant. Consequently, in order to make the SPS really useful one needs to have: 1) Multiple SPS configurations in each UE, which can be used to cope with large-scale change in message generation frequency (e.g. changing from roughly every 100ms to roughly every 200ms), and 2) A mechanism that allows a UE to inform the eNB or other UEs about its intent regarding the use of the assigned SPS resources, which is to cope with small-scale variation in message inter-arrival time. 
Observation:
· SPS for V2X over PC5 (PC5 SPS) needs to deal with large-scale change in message generation frequency and small-scale variation in message inter-arrival time.
· Multiple PC5 SPS configurations might be useful, but it is quite unclear how to use them.
· A mechanism for a UE to inform the eNB or other UEs about its use of PC5 SPS resources is necessary.
As noted in the introduction section, RAN1 #84bis has agreed on having multiple SPS configurations in each UE. What remains to be specified is the contents of the SPS configurations. First note that in LTE UL and DL, SPS configuration is carried in RRC signalling and contains the following parameters, among others (see TS 36.331):
· Semi-persistent interval.
· Number of configured processes 
· Number of empty transmissions before implicit release of SPS

We believe that at least the parameter ‘semi-persistent interval’ can be reused for the SPS for V2X over PC5. That means the SPS-configuration-specific periodicity can be configured, e.g., for periodicity T= 100ms, T=200ms, etc. On the other hand, information about MCS should not be part of the SPS configuration (which is RRC signaling). We see the motivation for eNB to configure the UE with parameters like MCS and transmission bandwidth for the purpose of congestion control, e.g., MCS can be a function of UE’s speed, but these parameters should be carried in the (E)PDCCH, hence SPS-configuration-specific MCS is not possible. 
We see the benefit of implicitly releasing an SPS, which will be discussed in Section 2.2. We also believe that it is beneficial to have multiple HARQ processes in the SPS configuration. 
The eNB can provide an SPS C-RNTI to the UE and then configure the UE with a dedicated SPS sidelink configuration. We think that it is necessary that a sidelink SPS can coexist with a legacy UL SPS, i.e. a UE can be configured with both sidelink SPS and UL SPS. In order to do that, the eNB can activate/re-activate/release SPS by scrambling a DCI for V2X with the SPS C-RNTI.
Proposals:
· [bookmark: _Toc447024129][bookmark: _Toc447025092][bookmark: _Toc447025112][bookmark: _Toc447223245][bookmark: _Toc447228913][bookmark: _Toc447296571][bookmark: _Toc447296646][bookmark: _Toc447318307][bookmark: _Toc447320529][bookmark: _Toc447321016]PC5 SPS configuration for V2X over sidelink takes UL SPS configuration as baseline.
· [bookmark: _Toc450493190][bookmark: _Toc450557732]Each PC5 SPS configuration for a given UE is provided via RRC signalling and should at least indicate the SPS C-RNTI, the SPS periodicity, and the index of this SPS configuration.
· Implicit release of PC5 SPS is supported. The eNB can activate/re-activate/release SPS by scrambling a DCI for V2X with the SPS C-RNTI.
· Other parameters associated with a PC5 SPS configuration such as transmission bandwidth can be configured by the eNB via (E)PDCCH.
Indication of UE’s intent
As discussed earlier in the paper, due to the non-periodic characteristic of V2V packets like CAM and BSM [2], it will likely happen that sometimes the UE does not have packet to send in the allocated SPS resources. In this case we believe the most efficient approach would be allowing the UE to inform the eNB and/or other UEs of its intention not to use the resources, which is illustrated in Figure 1 below, so that the resources can be used by other UEs.
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[bookmark: _Ref449999399]Figure 1: When there is no data to transmit the UE sends no-intent-to-transmit (NIT) to the eNB and sends SA to others UE to unbook the SPS resource
As shown in Figure 1, when the Tx UE has no packet to transmit in the assigned SPS resource it sends a NIT (no intent to transmit) indicator to the eNB. The NIT shall be sent early enough (a certain number of TTIs, e.g., a few ms) prior to the SPS resource in order to allow the eNB to reassign that resource to other uses. The NIT can be a one-bit flag and is suitable for transmission in PUCCH. We do not see the need for the eNB to acknowledge the reception of NIT from the UE. Also note that if the UE has data to transmit it will not send any indication to the eNB and the eNB assumes that the resource is used by the UE. 
Besides sending NIT to the eNB, the UE also sends an SA to other UEs to unbook the SPS resource and to book a following SPS resource (see [3] for details). The act of unbooking gives other UEs who receive the SA a chance to opportunistically use the resource. This situation can occur in a network where mode 1 and mode 2 share resources, and the eNB is aware of this situation when reusing the resource for other purposes. In our companion contribution [4] we discuss the relevant contents of the SA that are used for the purposes of booking and unbooking. 
The first two-way arrow in Figure 1 illustrates the exchange of information between the eNB and the UE so that the eNB has sufficient information to determine how many SPS configurations are needed and the corresponding periodicity T for each SPS configuration. This can be done in the dedicated bearer establishment/negotiation phase. RAN2 is discussing the support of bearers on PC5 and this falls into that framework. It is in this phase that the eNB determines the relevant PUCCH parameters, such as PUCCH periodicity, that would allow the UE to send the NIT when necessary.
As for the release of the SPS, since the UE sends the NIT every time it has no data to transmit on the SPS resource, the eNB knows when to release the SPS. For example, the eNB can explicitly release the SPS after some n consecutive NITs from the eNB. For releasing SPS the eNB sends the SPS Release command in PDCCH as done in legacy SPS of LTE. Another option would be using the implicit releasing scheme, namely the UE and the eNB agrees that after n consecutive NITs the UE will automatically stop using the SPS resources and no SPS release from eNB is needed.
Proposals: 
· When a UE has no data to transmit on a PC5 SPS resource the UE indicates to the eNB and to other UEs that it does not intend to use the SPS resource for transmission: 
· The UE sends NIT (No Intent to Transmit) to the eNB
· No acknowledgement from eNB is needed, and 
· The UE sends an SA to unbook the SPS resource and to book a following SPS resource.
· After M consecutive NIT indications to the eNB the PC5 SPS configuration is released implicitly. 

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 and a 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 PC5 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 Option 1 in Section 2.2. the eNB could observe the frequency of NITs to infer on the change in the UE’s traffic. This seems to be reasonable if periodicity 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 predicts 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.
Proposal: 
· A number of reports are defined in order to help eNB to configure the PC5 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. The UE may send NIT regarding the resource of the new SPS, unless it will cause an SPS release from the eNB.
Proposal: 
· During switching to a new PC5 SPS configuration, the UE prioritizes finishing the ongoing retransmission processes.
Conclusion 
In this contribution we discuss different aspects of supporting SPS over PC5 for V2X and reporting of geo-information to the eNB.
Observation: 
· SPS can be beneficial for V2X because some V2X traffics are recurrent.

Observation:
· SPS for V2X over PC5 (PC5 SPS) needs to deal with large-scale change in message generation frequency and small-scale variation in message inter-arrival time.
· Multiple PC5 SPS configurations might be useful, but it is quite unclear how to use them.
· A mechanism for a UE to inform the eNB or other UEs about its use of PC5 SPS resources is necessary.
Proposals:
· PC5 SPS configuration for V2X over sidelink takes UL SPS configuration as baseline.
· Each PC5 SPS configuration for a given UE is provided via RRC signalling and should at least indicate the SPS C-RNTI, the SPS periodicity, and the index of this SPS configuration.
· Implicit release of PC5 SPS is supported. The eNB can activate/re-activate/release SPS by scrambling a DCI for V2X with the SPS C-RNTI.
· Other parameters associated with a PC5 SPS configuration such as transmission bandwidth can be configured by the eNB via (E)PDCCH.
Proposals: 
· When a UE has no data to transmit on a PC5 SPS resource the UE indicates to the eNB and to other UEs that it does not intend to use the SPS resource for transmission: 
· The UE sends NIT (No Intent to Transmit) to the eNB
· No acknowledgement from eNB is needed, and 
· The UE sends an SA to unbook the SPS resource and to book a following SPS resource.
· After M consecutive NIT indications to the eNB the PC5 SPS configuration is released implicitly. 

Proposal: 
· In case of multiple PC5 SPS configurations in a UE, only one configuration is active at a time.

Proposal: 
· A number of reports are defined in order to help eNB to configure the PC5 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.

Proposal: 
· During switching to a new PC5 SPS configuration, the UE prioritizes finishing the ongoing retransmission processes.
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