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Introduction
In this paper we discuss enhancements to the Uu cellular interface with focus on V2X applications. 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.
V2X Traffic Characterization
V2X traffic is expected to be a periodic-type of traffic. According to ETSI, the packet generation interval for CAM messages depends on the V2X application and can vary from 100ms to 1s. The triggering for packet generation is influenced by external conditions, e.g. vehicle geographical position, speed, direction etc, and it is not accurately predictable.
Regarding the message size, there is a dependence on the type of security component that is used (i.e. full certificate or certificate digest) and the message type (CAM or DENM). Even though an exact evaluation from SA3 is still pending, according to SA1 the type of security overhead is time-dependent (140-200 bytes and 80 bytes every 500ms and 100ms respectively), and according to RAN1 the DENM payload might be significantly larger than CAM (800 bytes as total DENM size and 190/300 bytes as total CAM size). Depending on the FFS protocol stack details some additional headers may be generated aperiodically and affect the packet size.
Latency requirements might differ quite much depending on the specific use case, i.e 20ms for pre-crash warning, 100ms for a typical V2V/I application, 500ms for V2X road safety services via infrastructure, and 1s for V2N.  
We finally observe that reliability requirements should be differentiated depending on content of the packet. E.g., packets carrying security certificates should not be missed to avoid multiple consequent packet losses.
One can conclude that the so called “periodic” V2X traffic is actually not periodic at all. 
Observations:
· CAM traffic is largely unpredictable in terms of packet size and packet generation frequency.
· CAM packets have different reliability requirements depending on specific headers content.

[bookmark: _Ref442449611]Enhancements to SPS
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. 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.

Handover enhancements
Many handover enhancements have been proposed in [1]. Regarding Uu, most of such propsed enhancements can be applicable to V2X as well, while for PC5 more ad-hoc solutions for V2X could be introduced.
[bookmark: _Ref442112025]Uu-related enhancements for HO
According to the analysis in [1], the RACH procedure in target cell might take up to 10-12ms. To eliminate this delay a RACH-less handover has been proposed. The mechanism works as long as the target and the source cell are synchronized and it relies on the capability of the UE to acquire UL synchronization from the DL propagation delay difference between source and target. Although the mechanism can provide benefits also in V2X, the assumption of synchronized networks is somewhat restricting and most important the accuracy of UL time advance acquisition might be impaired by mobility. Given the fact that there is no contention resolution, a wrong time advance acquisition could imply higher latency than legacy RACH and spurious transmission (which would cause interference).  
[bookmark: _Toc441533783][bookmark: _Toc441576719][bookmark: _Toc442112098][bookmark: _Toc442106009][bookmark: _Toc442106279][bookmark: _Toc442107521]Observation:
· Effectiveness of a RACH-less handover in V2X might be subject to UE mobility. 
· Discussion should be led by RAN2.

In [1], the possibility to maintain a source eNB connection during handover has also been studied. The mechanism implies that after reception of handover command, the UE does not reset MAC/PDCP processes (as it happens in legacy LTE) and it keeps normal operations towards the source cell until RACH is successful in target cell. Since in legacy LTE the overall service interruption at handover is between 40-50 ms (due to handover command processing and random access procedure), such mechanism would basically eliminate at all this latency component. This solution resembles dual-connectivity, even though dual connectivity as such does not support intra-frequency operations today. As part of such solution one could also consider to enforce the handover procedure by sending/receiving handover-related signalling (e.g. measurement reports, handover commands) to/from both source and target cell, thus reducing RLF probability.  Therefore, given its positive impact on handover latency, it is recommended to adopt such solution in V2X.
Proposals:
· [bookmark: _Toc441533816][bookmark: _Toc441576730][bookmark: _Toc442112108][bookmark: _Toc442106019][bookmark: _Toc442106289][bookmark: _Toc442107531][bookmark: _Toc442106020][bookmark: _Toc442106290][bookmark: _Toc442107532]Maintaining source eNB connection during handover is recommended in V2X.
· Consider providing handover-related RRC messages to/from both source and target cell.
· Discussion should be led by RAN2/3.

Deployment optimization for HO
Latency can also be impacted by network deployment. For instance in a combined cell deployment (also known as shared cell or distributed antenna system), the cells are combined into a single physical cell. Therefore, a UE moving within the combined cell detects a single cell, i.e. a single physical cell identity (PCI), rather than two or more and it does not perform any handover. For this reason, the combined cell feature itself does not reduce the latency, but it reduces the number of handovers.
[bookmark: _Toc441533784][bookmark: _Toc441576720][bookmark: _Toc442112099][bookmark: _Toc442106010][bookmark: _Toc442106280][bookmark: _Toc442107522]Observation:
· A combined cell deployment is recommended to reduce the number of handovers.

MBMS/SC-PTM Enhancements
It is interesting to study capacity enhancements for distribution of broadcast content using e.g. MBMS/SC-PTM, for DENM and especially CAM traffic which is very resource-demanding. The target optimization scenario should be urban slow. The UL SPS enhancements porposed in Section 3 are complementary to the proposals in the following.
A first set of optimizations relies on the ability of the NW to efficiently route traffic to the broadcasting sessions/groups based on geographical relevance. For this purpose it is useful that the eNB is aware of the geographical positions of the UEs, which is enabled by signaling the UE coordinates. We suggest to study ways to optimize the signaling overhead of geographical coordinates in the UL. Such coordinates may be used in different ways by the NW, largely up to NW implementation.
Proposals:
· Signaling of UE geographical coordinates in the UL is supported.
· Study ways to optimize the signaling overhead 

A second optimization area consists of enabling various spatial optimization scheduling strategies for MBMS/SC-PTM. It is useful for the eNB to be able to configure multiple MBMS and SC-PTM groups/sessions within each UE, in order to dynamically select the most suitable group/session to be served. For example an eNB may use one SC-PTM group for cell-center UEs and another one for cell-edge UEs, with different MCS and optimized sets of geo-routed messages.
Proposal:
· Support additional SC-PTM/MBMS groups/sessions within each UE.

A further optimization area consists of the application of HARQ to SC-PTM/MBMS, with transmission format adaptation when retransmitting data. 
Proposal:
· Study potential benefits and solutions for adaptive HARQ retransmissions for MBMS/SC-PTM.

A further potential improvement area includes application of DL CoMP and TM9/10 to SC-PTM. At this point it is not clear whether there is any significant benefit with this enhancement 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 DL CoMP in conjunction with SC-PTM.
Proposal:
· DL CoMP support with SC-PTM may be studied with low priority, but our initial preference is for multicast enhancements with lower NW complexity.

Conclusions 
In this contribution we discuss Uu enhancements for V2Z traffic.
Observations:
· CAM traffic is largely unpredictable in terms of packet size and packet generation frequency.
· CAM packets have different reliability requirements depending on specific headers content.
Proposals:
· The UE needs to acknowledge each transmission scheduled by the eNB with SPS.
· The eNB may reuse unacknowledged SPS resources for other purposes.
Observation:
· Effectiveness of a RACH-less handover in V2X might be subject to UE mobility. 
· Discussion should be led by RAN2.
Proposals:
· Maintaining source eNB connection during handover is recommended in V2X.
· Consider providing handover-related RRC messages to/from both source and target cell.
· Discussion should be led by RAN2/3.

Observation:
· A combined cell deployment is recommended to reduce the number of handovers.
Proposals:
· Signaling of UE geographical coordinates in the UL is supported.
· Study ways to optimize the signaling overhead 
· Support additional SC-PTM/MBMS groups/sessions within each UE.
· Study potential benefits and solutions for adaptive HARQ retransmissions for MBMS/SC-PTM.
· DL CoMP support with SC-PTM may be studied with low priority, but our initial preference is for multicast enhancements with lower NW complexity.
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