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Introduction
This is a minor revision of R1-1812492 from RAN1#95 meeting.
[bookmark: _GoBack]At RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for NR Uu radio-interface enhancements is one of the study item objectives:
	NR V2X SI Objective # 2
Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.


At RAN#81 meeting, a scoping decision was additionally made to resolve the overlap between eURLLC and NR V2X study items in relation to handling of the remote driving use cases [2]:
	V2X:
· SL  V2X SI, including the latency and reliability requirements applicable to V2X SI
· No discussion of SL in eURLLC SI
· Uu remote driving use case  eURLLC SI
MIMO (multi-TRP aspects):
· Single-TRP techniques for URLLC requirements (e.g., PDCCH time-domain/frequency-domain repetitions, etc.) are done under eURLLC SI
· Multi-TRP techniques for URLLC requirements (e.g., repetition across TRPs, etc.) are done under MIMO WI
· To update MIMO WI accordingly


Most recently, in RAN1#94bis and RAN1#95, the following agreements were made:
	RAN1#94bis Agreements
· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. 
· Details FFS
· NR supports that UE reports assistance information to the gNB, consisting of at least (with details FFS):
· UE-related geographic information (e.g., position). 
· Reports of Uu V2X traffic-related information (at least for periodic traffic)

RAN1#95 Agreements
· DCI is used to identify the type-2 UL configured grant to be activated or released. 
· FFS Single DCI for multiple type-2 UL configured grants.
· From RAN1 perspective, NR UE reporting on Uu that include at least traffic periodicity, timing offset, and message size is beneficial at least for the purpose of managing multiple UL configured grants.
· NR supports UE reporting over Uu of sidelink traffic-related information. 
· FFS contents.

Conclusion:
· For this and future meetings, enhancements on Uu reporting for managing of Uu grants and configuration will be discussed in this AI (“Evaluation of Uu for advanced V2X use cases”).
· For this and future meetings, enhancements on Uu reporting for managing of SL grants and configuration will be discussed in the AI “Uu-based sidelink resource allocation/configuration”.



In this contribution, we further analyze potential enhancements to NR Uu radio-interface to support advanced V2X use cases. Other aspects related to NR V2X study are discussed in our companion contributions [6]-[13].
Multiple CG-PUSCH Configurations
It was agreed to support multiple activated CG-PUSCH configurations. The main purpose is to serve traffic flow or multiple traffic flows with quasi-periodic arrival but heterogeneous packet sizes. For example, the period may be constant however the packet size may be alternating between several known sizes. Moreover, in NR the periodicity itself may not be constant, however due to low latency requirements it is still crucial to exploit configured grant mechanism avoiding SR and DCI grant overhead. As illustrated in Figure 1, in general all the parameters of configurations including offset, periodicity, MCS, TDRA, FDRA, etc. may need to be different to achieve scheduling flexibility.


[bookmark: _Ref521662298]Figure 1. Illustration of multiple activated CG-PUSCH configurations in a cell
The described benefits come at expense of allocating to a UE more frequency or spatial (i.e. orthogonal DMRS) resources. It is further up to gNB how to manage the available resources between UEs and their spectrum demands depending also on gNB processing capabilities.
Assuming such behaviour, the following components are expected to be enabled:
· Providing multiple configurations. This part should be straightforward by populating the RRC signalling for configured grant PUSCH type 1 or sending L1 activation(s) with multiple sets of parameters in case of Type 2.
· Activation/deactivation of particular configuration for the case of CG-PUSCH Type 2 by dynamic DCI indication.
· First, it is assumed that each configuration has to be activated/deactivated separately (except deactivation cases when all configs are stopped due to other procedures such as BWP switching etc.). It allows to reuse the Rel.15 procedures for configured grant as much as possible. Moreover, if single DCI is used to activate more than one configuration, it needs to carry multiple transmission parameter sets and also to provide more than one time reference.
· Second, under the assumption of single DCI per configuration, the problem of how to identify the different configurations using the same DCI format needs to be solved. Clearly, introducing multiple RNTIs would lead to increased FAR which may become a bottleneck. In that case, some fields which are not used for activation, such as HARQ ID may be utilized.
· HARQ ID modelling in presence of multiple configurations. This issue was discussed in Rel.15 and the most reasonable scheme is to introduce configuration specific offset to HARQ ID.
· UE behaviour to choose a particular configuration. Once configured, a UE may be expected to take the nearest configuration for transmission in particular case. However, it may be left up to UE to decide particular approach also considering that multiple configurations may be used for different services.

Proposal 1: 
Multiple RRC configurations of CG-PUSCH are provided per BWP
For type 2 configured grant PUSCH, activation and deactivation DCI is sent for each configuration separately
Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings
HARQ ID offset is added as part of each CG-PUSCH configuration
UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration

[bookmark: _Ref521421126]High Speed Related Enhancements to NR Uu
Except uncertainties with the support of MBMS/SC-PTM type of operation in NR and potential enhancements to high-speed operation, at this point we do not see feasibility issues to support advanced V2X use cases given the current ongoing work and scope in other Rel.16 items such as eURLLC, MIMO, Mobility.
In the context of high-speed operation, according to the current requirement on waveform quality, the UE is expected to synchronize to the “actual received frequency” from gNB that may include Doppler shift in case of mobility. If the UE applies the actual received frequency (with additional estimation error up to 0.1ppm) for transmission, then Doppler Effect at gNB side is doubled. The gNB may measure the frequency offset including Doppler shift and synchronization errors. In case if this offset is too high the gNB may try to correct it by sending frequency offset adjustment commands so that UE applies it for transmission.

Proposal 2: 
Further study frequency offset compensation mechanisms based on gNB frequency offset adjustment commands

Conclusions
In this contribution, initial considerations on NR Uu enhancements targeting advanced V2X use cases have been provided. Based on the discussion and analysis, the following proposals are made:
Proposal 1: 
Multiple RRC configurations of CG-PUSCH are provided per BWP
For type 2 configured grant PUSCH, activation and deactivation DCI is sent for each configuration separately
Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings
HARQ ID offset is added as part of each CG-PUSCH configuration
UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration
Proposal 2: 
Further study frequency offset compensation mechanisms based on gNB frequency offset adjustment commands
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