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1 Introduction

During last 3GPP meeting, RAN2 has discussed possible Uu enhancements featuring V2X. In particular, RAN2 is currently focusing on investigating possible enhancements to MBMS, and other possible enhancements to e.g. SPS, handover etc. 

In this paper, we mainly focus on Uu enhancements for SPS and on possible tools to reduce latency, e.g. at handover. In our companion paper [4], we describe more in details MBMS related issues. 

2 Discussion
V2X traffic is expected to be a periodic-type of traffic. According to ETSI [2], 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.

Furthermore, a number of higher layer headers with hardly predictable size and periodicity contribute to the traffic. For instance, related to the message size, there is a dependence on the type of security component that is used (i.e. full certificate or certificate digest) which is periodically repeated and the message type (CAM or DENM).

Another difference between CAM traffic and for example VoIP or other MBB traffic is that CAM packets typically override/supersede each other, i.e. once a new packet is generated the previous ones become redundant. Therefore, bundling of CAM packets into a single transmission or packet segmentation become of limited use. Furthermore, the UE might need to be engaged in multiple V2X services, e.g. V2N for traffic flow optimization, V2I or V2V for more local road safety services, each with possible different periodicity and packet sizes.

Finally, also 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.  

Observation 1 V2X traffic is largely unpredictable in terms of packet size and packet generation frequency.
2.1 SPS enhancements

Since V2X is a periodic traffic type, SPS seems to be a valid scheduler candidate. However, SPS is efficient when packets are generated periodically with fixed frequency and not very sensitive to packet segmentation which comes at the cost of increased jitter. Clearly, current SPS is not suitable, as it is, for V2X traffic due to the higher dynamicity and irregularity of packets arrivals compared with VoIP. Nevertheless, periodic resource reservation can still be advantageously exploited to accommodate V2X traffic. For example, SPS avoids configuring SR resources which could be in shortage in high load scenarios especially if high periodicity is desired. Additionally, SPS can be beneficial for battery consumption because the UE does not need to send any SR, i.e. no DRX active time after SR,

Observation 2 V2X traffic nature calls for enhancements to the SPS mechanism. 

For this reasons, we propose some enhancements to the SPS protocol that will improve network efficiency in case of V2X traffic. 

2.1.1 Irregular periodicity and packet size of CAM Traffic

In order to cope with irregular traffic, we propose that the UE informs the network when resources scheduled in a semi-persistent way are not used. This acknowledgment can be carried on PUCCH prior to the actual transmission. The eNB has the chance to reuse resources for other purposes.

We observe that a similar protocol can also be applied for acknowledging transmissions for sidelink.

Proposal 1 To limit resource wastage, the UE should inform the network when SPS resources are not used, e.g. on control signalling.

2.1.2 Irregular Packet size of CAM Traffic

Individual CAM packets may largely vary in size, e.g., RAN1 assumed from 190Bytes to 300Bytes. However, in practice, the MAC PDU size is hardly predictable and segmentation is not a preferred solution due to strict latency constraints. In other words, the SPS TB size and possibly resource allocation size needs to be dynamically adapted to the size of each UL transmission. 

To this purpose, one SPS improvement consists of configuring multiple parallel SPS processes activated at the UE. The processes may differ e.g. in the TB size or in the resource allocation. The UE triggers individual transmissions on each SPS process (or selects the preferred process) depending on its buffer status.

Proposal 2 The UE can be configured with multiple parallel SPS processes with different configuration parameters.

Such proposal can also be used also in case the UE is executing different type of V2X services each with different periodicity.

Proposal 3 The UE acknowledges transmissions on each process depending on its buffer status and characteristics of data to be transmitted.

2.2 CB-PUSCH

An UL contention based scheduler, i.e. CB-PUSCH, was one of the outcomes of the latency reduction study item [1]. In CB-PUSCH, more than one UE is allowed to use the same PUSCH resource with the possibility of UEs to skip the UL transmission in case of empty buffer. Benefits are an increased resource utilization that comes at the expenses of collision risks which in turn could increase correct packet delivery time, i.e. latency. Therefore, in case of low load, CB-PUSCH can turn out to be useful especially if used with low periodicity SPS, however in case typical high loaded V2X scenarios, this technique might not be good especially for road safety messages.

Observation 3 CB-PUSCH could be useful in low-load scenarios or scenarios with non-safety messages independent of network load.
2.3 SR enhancements

To reduce latency of SR transmission, it is possible to configure SR periodicity to the minimum value of 1ms. However, configuring all UEs to 1ms periodicity might imply too high resource consumption. To limit this, it should be possible to reduce SR transmission delay while limiting SR resource usage by configuring the UE to transmit SR on both PCell and one SCell as specified in Rel.13 as part of the carrier aggregation enhancements work item [3]. This feature also gives the possibility to use different SR resources for different purposes, e.g. different SR resources for CAM and DENM, so that the eNB can provide a more suitable UL grant to the UE.

Proposal 4 Configuration of SR resources both on PCell and SCell should be considered to reduce SR transmission latency.

Proposal 5 Different SR resources can be used depending on the type of message to be transmitted.

2.4 Handover enhancements

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).  

Observation 4 Effectiveness of a RACH-less handover in V2X might be subject to UE mobility. 

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 RRC diversity at handover, e.g. 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. 

Certainly the above enhancements might have significant specification impact. Therefore RAN2 should carefully evaluate the actual need of such improvement.  

Proposal 6 RAN2 should evaluate the complexity and the need of any enhancements to reduce Uu handover latency, e.g maintaining source eNB connection during handover, RRC diversity at handover.

2.4.1 Deployment optimization at handover

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.

Observation 5 A combined cell deployment is beneficial to reduce the number of handovers.
3 Conclusion

In section 2 we made the following observations:
Observation 1
V2X traffic is largely unpredictable in terms of packet size and packet generation frequency.
Observation 2
V2X traffic nature calls for enhancements to the SPS mechanism.
Observation 3
CB-PUSCH could be useful in low-load scenarios or scenarios with non-safety messages independent of network load.
Observation 4
Effectiveness of a RACH-less handover in V2X might be subject to UE mobility.
Observation 5
A combined cell deployment is beneficial to reduce the number of handovers.


Based on the discussion in section 2 we propose the following:
Proposal 1
To limit resource wastage, the UE should inform the network when SPS resources are not used, e.g. on control signalling.
Proposal 2
The UE can be configured with multiple parallel SPS processes with different configuration parameters.
Proposal 3
The UE acknowledges transmissions on each process depending on its buffer status and characteristics of data to be transmitted.
Proposal 4
Configuration of SR resources both on PCell and SCell should be considered to reduce SR transmission latency.
Proposal 5
Different SR resources can be used depending on the type of message to be transmitted.
Proposal 6
RAN2 should evaluate the complexity and the need of any enhancements to reduce Uu handover latency, e.g maintaining source eNB connection during handover, RRC diversity at handover.
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