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1. Introduction
A conclusion derived in RAN1#84 is as follows:

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)

In this contribution, we discuss UL enhancement for V2X, focusing on SPS enhancement.
2. Characteristics of V2X traffic
In case of 100 ms message generation periodicity in the current evaluation assumption, it will be natural to consider SPS with 100 ms periodicity. However, according to RAN2 latency analysis, 100 ms SPS cannot meet the latency requirement because the UL transmission waiting time between the message generation and the SPS opportunity may be large so that the remaining latency budget cannot accommodate the delay in the backhaul and DL transmission. This led to the following observation in RAN2:

· If our assumption of 100ms periodicity is confirmed and if somehow SPS can be aligned with the packet generation, then an SPS of 100ms can be used. 

· It is FFS whether the packet generation is periodic and what is the actual size of the packets. 

It is generally assumed that BSM is periodic, e.g., “As noted in Annex C, the state information from each vehicle might be updated via periodic broadcasts of the BSM” [1]. BSM consists of the mandatory Part I and optional Part II. As “Part II can be included periodically or triggered by an event or a request [1],” the message size of BSM can change in time. In addition, it is a reasonable assumption that the radio layer is not able to predict the pattern of message size change. Figure 1 illustrates an example of BSM generation with 100 ms periodicity.
[image: image1.emf]BSM Part I BSM Part II

100 ms


Figure 1. An example of BSM generation.
The case of CAM is somewhat different as discussed in [2]. CAM message generation rule is described in [3] and can be summarized as follows with T1<T2:
· Rule 1) When a UE-dynamics related condition is met, a CAM message is generated if the time elapsed since the last CAM generation is equal to or larger than T1 (e.g., 100 ms).
· The UE-dynamics related conditions represent sudden changes in heading, location, or speed from the previous CAM transmission.

· Rule 2) Otherwise, a CAM message is generated if the time elapsed since the last CAM generation is equal to or larger than T2 (e.g., 1000 ms).

If only Rule 2 applies, CAM message generation would be periodic with the periodicity of T2. However, if a UE-dynamics related condition is met, the pattern of CAM generation becomes irregular and it is may be difficult to assume that CAM generation by Rule 1 is periodic with the periodicity of T1. Assuming that the UE-dynamics related conditions are met with a limited probability last for limited time duration in practice, CAM generation by Rule 1 will shift the offset of periodic generation by Rule 2 as illustrated in Figure 2.
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Figure 2. An example of CAM generation

DENM generation is triggered by an event, but depending on the application layer request, it can be repeated with an interval and duration as described as follows in [4]: “In between two consequent DENM updates, a DENM may be repeated by the DEN basic service of the originating ITS-S at a pre-defined repetition interval, in order that new ITS-Ss entering the destination area during the event validity duration may also receive the DENM. This process is referred to as DENM repetition.”
From the above discussion, UL SPS for transmissions of BSM, CAM, or DENM needs to have the following properties: First, a means to align the message generation and SPS opportunity should be provided. Dynamic change of the periodicity and time location of SPS opportunity is needed in order to address the event-triggered shift in the message generation timing in CAM and DENM. Second, it is necessary to change the TB size of each SPS transmission because a fixed TB size will lead to resource waste (when the TB size is fixed to a large value) or V2X message fragmentation (when the TB size is fixed to a small value) where additional procedure such as requesting dynamic resource allocation is needed at the cost of additional delay and signaling overhead. Third, a single SPS periodicity may not be sufficient if it is intended to transmit CAM generation by Rule 1 or DENM, which has different periodicity from that of CAM generation by Rule 2, by UL SPS. So configuring multiple SPS periodicity for a single UE can be beneficial, but these multiple SPS configurations would not be always activated in parallel for a single UE.
Observation: The following properties are observed for UL SPS to convey V2X messages:

· Property 1: Periodicity of UL SPS opportunity is dynamically adjusted based on the message generation timing. In addition, time location of the UL SPS opportunity is dynamically adjusted based on the message generation timing.

· Property 2: TB size of UL SPS is dynamically changed.

· Property 3: Multiple SPS periodicities can be configured to a single UE. Multiple SPS configurations used for V2X may not be always activated in parallel for a single UE.
3. Potential UL SPS enhancements
In order to enable timing alignment between V2X message generation and SPS opportunity, eNB needs to know when the V2X message is generated so that it can (re)locate SPS opportunity close to the message generation timing. For this, some UE report is necessary. As an example, UE requests reactivation of UL SPS potentially with reporting of the message arrival time for V2X and eNB can reactivate UL SPS to change to time location. Figure 3 shows an example. Here, the fourth message arrives with an irregular timing and the UE requests reactivation of UL SPS with reporting of the message arrival time via a dynamic resource allocation. Then, the eNB reactivates the SPS process in a different subframe accordingly. It can be further discussed whether a separate SR and/or a separate BSR MAC CE, which is dedicated to V2X usage, is necessary to trigger activation/reactivation of UL SPS.

Proposal 1: For UL SPS for V2X, UE requests activation/reactivation of UL SPS with information on message arrival time to help eNB adjust SPS opportunity/periodicity.
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Figure 3. Reporting the message arrival time and adjusting the SPS opportunity. 
As discussed in the previous section, it is beneficial if the UE can determine the TB size of each SPS transmission based on the buffer size. To enable this property, the UE needs to signal the determined TB size in each SPS transmission and the eNB needs to detect the signal. As the range of V2X message size is expected to be limited, a few selection choices for TB size can be sufficient which means that one or two bits can be used for this signaling. This TB size signal can be the form of UCI similarly to RI report or DM RS CS/OCC can be used to convey this information. When a relatively small message arrives, the UE can decrease the TB size such that the BLER can be reduced compared to the existing operation where zero bits are padded. When a relative large message arrives, the UE can increase the TB size such that the entire message is transmitted in a best effort manner. If the initial transmission fails, conventional HARQ can be operated to recover the error.
Proposal 2: For UL SPS for V2X, the UE determines the TB size of each SPS transmission.
Multiple SPS configuration can be useful for a UE operating Uu-based V2X. The discussion in the previous section was that different set of V2X messages can be generated with different periodicity. Discussed examples were conditional CAM generation with a shorter inter-message interval or DENM generation with repetition on top of more regular CAM generation with a longer inter-message interval. As such messages need to be transmitted with in the limited latency, changing SPS periodicity via RRC signaling is not suitable. One solution is to configure multiple SPS with different periodicity and activate/release each one based on the message generation. Once introduced, supporting multiple SPS configurations can be used for other purposes. For example, one SPS is used for VoIP and another is used for BSM.
Proposal 3: It is supported to operate multiple SPS configurations in a single UE.
Note that we also propose similar SPS operation for SL in [5]. Considering that path switching between UL and SL will be specified in the WI, it would be beneficial to unify SL SPS and UL SPS design. 
4. Conclusion
This contribution discussed potential enhancement for UL SPS for V2X. The discussion can be summarized as follows:
Observation: The following properties are observed for UL SPS to convey V2X messages:

· Property 1: Periodicity of UL SPS opportunity is dynamically adjusted based on the message generation timing. In addition, time location of the UL SPS opportunity is dynamically adjusted based on the message generation timing.

· Property 2: TB size of UL SPS is dynamically changed.

· Property 3: Multiple SPS periodicities can be configured to a single UE. Multiple SPS configurations used for V2X may not be always activated in parallel for a single UE.

Proposal 1: For UL SPS for V2X, UE requests activation/reactivation of UL SPS with information on message arrival time to help eNB adjust SPS opportunity/periodicity.
Proposal 2: For UL SPS for V2X, the UE determines the TB size of each SPS transmission.

Proposal 3: It is supported to operate multiple SPS configurations in a single UE.
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