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1	Introduction
During the preceding RAN2#93bis meeting held in Dubrovnik, Croatia it has been discussed whether UL Semi Persistent Scheduling (SPS) scheme can be useful for V2X communications. The majority of companies expressed a belief the usage of UL SPS can be considered for V2X and it may be further evaluated what kind of optimizations could be introduced. In this paper we briefly underline the benefits of UL SPS for V2X and describe how it can be enhanced to become better aligned with V2X and CAM. 
2	Discussion
2.1	Benefits of UL SPS
As commonly known – SPS is especially suitable when the traffic has certain periodicity. Cooperative Awareness Messages (CAM) appear to match this requirement, even though this periodicity might not be fixed for eternity and can alter. This possible modification, however, will not happen too frequently so it should not be regarded as a massive drawback. Another important aspect is that SPS provides resource availability guarantee – a characteristic of paramount importance in such reliability and latency critical systems as V2X. Additionally, it has to be pointed out that SPS solves the problem of Downlink Control Channel reliability as it results in the lack of necessity to correctly receive PDCCH to obtain a transmission grant. Eventually it should be underlined that SPS has a clear supremacy over dynamic scheduling in terms of the latency. With SPS approach there is no need to send BSR per every CAM and await related UL grant. It is an evident gain, considering periodical nature and small size of CAM messages. Taking all aforementioned factors into account, we propose to ensure UL SPS can be utilized for V2X communications.
Proposal 1: [bookmark: _Ref450662305]The usage of UL SPS shall be possible for V2X communication. UL SPS can be aligned with CAM periodicity, ensures resource availability and eliminates the necessity of DL CCH reception to obtain transmission grant. 

2.2	Multiple inter-dependent UL SPS configuration
The main potential constraint raised by few companies (e.g. Ericsson in [2]) is that V2X traffic can be largely unpredictable in terms of packet size and packet generation frequency. Ensuring SPS transmissions are adapted to the inconstant V2X message generation interval and variable message size is indeed important for robust V2X communications. In such circumstances, a possible direction of enhancements to UL SPS could be to go towards configuring multiple SPS “occasions” within a single SPS interval. Such additional transmission opportunity can be helpful in matching CAM periodicity and generation timing. A partially similar approach has been presented in [2] where “multiple SPS processes per UE” have been proposed to mitigate the aforementioned “alignment issue”.  
Observation 1: [bookmark: _Ref450662328]Multiple SPS occasions per SPS interval can help to align the UL transmission with CAM periodicity.
One of those abovementioned occasions can be considered as main/mandatory (denoted by: M_SPS_O), alike in the legacy SPS operation, to guarantee UE always has its allocation for UL transmission. The remaining occasion (or even multiple occasions) can be regarded as optional (abbreviated as: O_SPS_O).  The basic principle of this idea is depicted in Figure 1. 
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[bookmark: _Ref450656728]Figure 1: The illustration of Main and Optional SPS occasions.
The key aspect is that those two (or more) occasions can be mutually inter-dependent, e.g. UL transmission in M_SPS_O may include the information whether O_SPS_O will be used to transmit further UL messages. If the gap between M_SPS_O and O_SPS_O is sufficiently large, eNB can reallocate unused resources associated with O_SPS_O to another UE. It is also worth noting that O_SPS_O can be utilized to deliver non-periodic V2X messages (such as DENM) or the part of periodic message (i.e. CAM) that couldn’t have been delivered within M_SPS_O – e.g. due to a recent change of its size. Eventually, to ensure maximum flexibility and alignment with CAM periodicity and generation timing, M_SPS_O can be swapped with O_SPS_O (i.e. O_SPS_O can be “upgraded” to become M_SPS_O). A brief description of the potential enhancement to UL SPS leads to the following observation: 
Observation 2: [bookmark: _Ref450662345]Multiple inter-dependent SPS occasions per SPS interval guarantee a proper trade-off between flexibility and overhead. It facilitates the adaptation to variable V2X message periodicity and size, provides a possibility to reallocate unused resources at the expense of minor signalling overhead.
As a result, we strongly believe RAN2 should consider enhancing UL SPS for V2X in compliance with the proposal depicted above.
Proposal 2: [bookmark: _Ref450662464]RAN2 is kindly asked to consider multiple inter-dependent SPS occasions per SPS interval as a serious candidate solution to enhance the performance of UL SPS for V2X. 

3	Conclusion
This paper elaborated on the potential benefits of UL SPS for V2X communication and proposed certain optimizations to boost the robustness of this mechanism. The following Observations and Proposals have been made:
Proposal 1: The usage of UL SPS shall be possible for V2X communication. UL SPS can be aligned with CAM periodicity, ensures resource availability and eliminates the necessity of DL CCH reception to obtain transmission grant.
Observation 1: Multiple SPS occasions per SPS interval can help to align the UL transmission with CAM periodicity.
Observation 2: Multiple inter-dependent SPS occasions per SPS interval guarantee a proper trade-off between flexibility and overhead. It facilitates the adaptation to variable V2X message periodicity and size, provides a possibility to reallocate unused resources at the expense of minor signalling overhead.
Proposal 2: RAN2 is kindly asked to consider multiple inter-dependent SPS occasions per SPS interval as a serious candidate solution to enhance the performance of UL SPS for V2X.
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