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1 Introduction
At the last plenary, a new SI for NR V2X was agreed [1].  The SI description includes, as one objective, the design of resource allocation for sidelink which meets the requirements for new NR use cases studied in [2].

At RAN1#94 bis [5] a number of agreements related to resource selection were made:

Agreements:

· At least resource pool is supported for NR sidelink

· Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
· FFS whether a resource pool consists of contiguous resources in time and/or frequency.
· A resource pool is inside the RF bandwidth of the UE.
· FFS how gNB and other UEs know the RF bandwidth of the UE
· UE assumes a single numerology in using a resource pool.
· Multiple resource pools can be configured to a single UE in a given carrier.
· FFS how to use multiple resource pools when (pre-)configured.
Agreements:

· Sidelink sensing and resource selection procedures are studied for Mode-2(a)

· The following techniques are studied to identify occupied sidelink resources

· decoding of sidelink control channel transmissions

· sidelink measurements

· detection of sidelink transmissions

· other options are not precluded, including combination of the above options

In this contribution, we consider resource allocation aspects related to RAN2 while taking into consideration the above agreements.  Due to the tight schedule for NR-V2X, we believe that a preferred design strategy would be best to first identify certain principles related to resource allocation from LTE V2X that are still applicable to NR, and adapt these principles to the NR RAT.  In addition, changes or enhancements to these principles may then be discussed to address the new requirements for NR.

This contribution takes this approach by first identifying the principles to be maintained and the new requirements and areas where resource allocation would need to be further studied for NR. 

2 Requirements for Resource Allocation in NR V2X
2.1 Resource Allocation Baseline for NR V2X

LTE V2X resource allocation design was based on several principles which are still applicable in NR V2X.  Specifically, LTE V2X supported mode 3 and mode 4 to allow network flexibility in determining whether to control the resource allocation or leave it up to UE decision.  Mode 4 operation was also required for out of coverage.  In both operating modes, sidelink transmissions are performed in resources pool configured by the network (for in coverage) or preconfigured (for out of coverage).  Use of resource pools allow the network to control the total amount of resources that can be used by V2X UEs in an area.  
In addition, since V2X traffic is mostly periodic, LTE V2X uses resource allocation features tailored to such traffic: i.e. NW configured SPS on SL and UE assistance information (for mode 3) and forward reservation of resources using SCI (for mode 4).  Finally, in LTE, a UE selects resources based on the presence of SCI transmissions reserving resources for future usage, and the relative priorities of other UEs transmissions with a UE’s own transmissions. Announcing the resources reserved and the associated priority of such resources facilitates sharing of the resources in the mode-4 scenario without a significant amount of coordination between UEs.

A number of these aspects have already been agreed by RAN1.  Specifically, RAN1 has agreed to support NW scheduled mode (mode 1) and UE autonomous mode (mode 2).  RAN1 is currently studying variants of mode 2 (mode 2a-2d).  For mode 2a, it is assumed it will be based on sensing and resource selection.  In addition, RAN1 has agreed to support at least the resource pool concept and is further studying the need for BWP, as well as the relationship between BWP and resource pool.  
Observation 1:
As in LTE, NR will support the following basic concepts related to resource allocation:

· NW scheduled mode (mode 1) and UE autonomous mode (mode 2)

· Transmission and receptions in resource pools

· Sensing based resource selection (mode 2a)
Rel15 work introduced enhancements to LTE V2X such as pool sharing and multicarrier operation to allow more efficient use of resources and to increase the bandwidth available for a V2X UE.  For pool sharing, RAN1 specified enhancements to the SCI to allow mode 4 devices to be aware of mode 3 transmissions, and RAN2 specified enhancements for reporting of mode 4 usage to the network for scheduling mode 3.  Multicarrier operation allows a UE to select from 8 different carriers to communicate with a given destination, and was also used to increase reliability through duplication.  Requirements related to enhanced reliability and larger data in NR will require support of these features.  

Observation 2:
Multicarrier operation and pool sharing principles from LTE Rel15 V2X can be leveraged for NR given the expected larger data rate and larger number of UEs to be supported.

How such features are supported in NR, however, may depend on the NR sidelink design and further additional requirements of NR use cases.  In addition, supporting these two features initially within the resource allocation framework would be preferable as it avoids the need to adapt these features to an existing resource allocation design and account for backward compatibility issue, which needed to be done when they were introduced in LTE V2X.  
Furthermore, given the experience gained from designing such features in Rel15, there may be room to develop a specific enhancements in a more efficient manner.  For instance, pool sharing in Rel15 utilized the reporting of sensing information to the network.  However, since only periodic RRC-based reports were specified, the usage of the sensing information by the network was limited.

To avoid re-discussion of these aspects in the context of NR, and given the short time frame for the work item, we think it would be preferable to agree on this basic set of principles from LTE as the baseline for NR.

Proposal 1:
The following aspects of LTE V2X Resources allocation are used as a baseline for NR V2X.  Details are FFS.
· mode 1 and mode 2 operation in the same pool

· Multicarrier operation and carrier (re)selection 
· Support for SL SPS with UE assistance information

2.2 Support for SL transmission with configured grant
SL SPS with UE assistance information was agreed in Rel14 V2X to address CAM traffic characteristics.  With such traffic, periodicity and/or timing could be changed based on vehicle dynamics (speed, acceleration, heading).  CAM traffic is also present in advanced use cases (e.g. platooning) [3] and therefore support for such mechanisms for NR should be considered. 
In NR, periodic UL traffic is handled by configuration of either configured grant type 1 or configured grant type 2.  Configured grant type 1 operates purely by RRC (without DCI activation/deactivation) while configured grant type 2 operates as LTE UL SPS.  Given support of both types in NR UL, it would be natural to support SPS with assistance information for both type 1 and type 2.  

Proposal 2:
Both configured grant type 1 and type 2 are supported for SL SPS in mode 1.

Proposal 3:
Reporting of UE assistance information is supported for both configured grant type 1 and type 2.

Support of 8 sidelink processes (as in LTE) seems sufficient for NR as well.  Furthermore, in NR, only a single grant type could be configured for a UE, so it may be best to assume such restriction also for the sidelink case.  The network could therefore configure either type 1 and type 2.  Whether there is a need to support multiple processes with a mix of type 1 and type 2 can be further studied later. 
Proposal 4:
A UE can be configured with upto 8 sidelink processes of of either configured grant type 1 or configured grant type 2.  
The contents of the LTE UE Assistance information consisted of periodicity, offset, message size, and PPPP.  While the traffic pattern is still applicable for NR, the exact QoS parameter to be send need further consideration.  
In LTE, PPPP was reported with UE assistance information to allow the NW to prioritize between different UEs with different priority and delay budget.  For NR, at least priority and latency would therefore be required.  In addition, scheduling of the actual resources by the network (e.g. MCS, number of resource blocks, etc) can also take into account the other QoS parameters (range, rate, and reliability).  Given the new QoS framework based on VQI (V2X specific 5QI and range requirement) discussed in our companion contribution [6], the UE could report the entire VQI to the network to allow proper scheduling. 

Proposal 5:
UE assistance information contains at least periodicity, offset, message size, and VQI.
2.3 Resource Allocation Mode Selection

In LTE, a UE operates either in Mode 3 (NW scheduled) or Mode 4 (UE autonomous) based on NW decision and/or NW coverage situation.  In NR, similar mode of opearations have been agreed and refered to as mode 1 and mode 2.  

For NR V2X, given the diverse types of traffic and potential services, the network should be given the flexibility to schedule services on different bands and/or use different scheduling mechanisms for different types of data.  For example, for high reliability data the network can chose to use mode 1 scheduling to guarantee QoS and for best effort services it can configure the UE to use mode 2.   Therefore, a UE can be configured with both mode 1 and mode 2 operations.  

Proposal 6:
RAN2 should study simultaneous support of mode 1 and mode 2 scheduling for NR V2X 

In another scenario, the UE can support both NR V2X for advanced use cases and LTE V2X for safety case, which can result in a cross RAT scenario (e.g. A UE is connected to a LTE Uu but needs to be able to perform NR V2X or vice versa) .  RAN1 is  still studying whether to support cross RAT scheduling in NW scheduled mode (i.e. a NR Uu cell performing mode 1 scheduling on a LTE V2X frequency or vice versa).    Regardless of this decision, we think for complexity and flexibility reasons, a network should be able to configure mode 2 resources (autonomous transmission configuration) in the other V2X RAT and still be able to use mode 1 for the V2X RAT corresponding to Uu. .  

Proposal 7:
The UE supports simultaneous transmission in UE autonomous mode in one V2X RAT and NW scheduled mode in another V2X RAT 

Acording to current discussions the UE can be configured with mode 1 or mode 2 and both modes of operations should be able to fullfill the QoS requirements.  However, due to the more stringent NR V2X requirements, there may be situtations (e.g. high congestion), where mode 2 cannot support the required QoS 

Observation 3:
There may be situations (e.g. high congestion) where NR V2X Mode 2 cannot support required QoS

Although such a situation could in theory be handled by configuring a larger pool for mode 2, it would be difficult for the network to predict such scenario if the majority of UEs are in RRC_IDLE.  Therefore, to mitigate congestion issues, a UE should be able to detect the problem  (e.g. based on CBR or sensing) and potentially trigger a report/request to network.   As a result the network can either increase the size of the resource pools or switch the mode of operation for the UE.   Idle and connected mode operations should be taken into account.  For example, a UE in RRC IDLE/INACTIVE a new trigger to initiate a connection establishment or connection resume procedure is required.    

Proposal 8:
Study mechanisms to allow the UE to detect congestion issues while operating in mode 2 and to report this to the network.  

3 Conclusion

In this contribution the following observations were made on resource allocation to support V2X requirements:

Observation 1:
As in LTE, NR will support the following basic concepts related to resource allocation:

· NW scheduled mode (mode 1) and UE autonomous mode (mode 2)

· Transmission and receptions in resource pools

· Sensing based resource selection (mode 2a)

Observation 2:
Multicarrier operation and pool sharing principles from LTE Rel15 V2X can be leveraged for NR given the expected larger data rate and larger number of UEs to be supported.

Observation 3:
There may be situations (e.g. high congestion) where NR V2X Mode 2 cannot support required QoS

Based on these observations, the following conclusions were made:

Proposal 1:
The following aspects of LTE V2X Resources allocation are used as a baseline for NR V2X.  Details are FFS.
· mode 1 and mode 2 operation in the same pool

· Multicarrier operation and carrier (re)selection 

· Support for SL SPS with UE assistance information

Proposal 2:
Both configured grant type 1 and type 2 are supported for SL SPS in mode 1.

Proposal 3:
Reporting of UE assistance information is supported for both configured grant type 1 and type 2.

Proposal 4:
A UE can be configured with upto 8 sidelink processes of of either configured grant type 1 or configured grant type 2.  

Proposal 5:
UE assistance information contains at least periodicity, offset, message size, and VQI.

Proposal 6:
RAN2 should study simultaneous support of mode 1 and mode 2 scheduling for NR V2X 

Proposal 7:
The UE supports simultaneous transmission in UE autonomous mode in one V2X RAT and NW scheduled mode in another V2X RAT 

Proposal 8:
Study mechanisms to allow the UE to detect congestion issues while operating in mode 2 and to report this to the network.  

4 References

[1] RP-181429 “Study on NR V2X” – Vodafone

[2] 3GPP TR 23.786, “Study on architecture enhancements for EPS and 5G System to support advanced V2X services”,  v0.8.0
[3] 3GPP TR 22.886, “Study on enhancements of 3GPP Support for 5G V2X Services”, v15.1.0 

[4] 3GPP TR 22.885, “Study on LTE support of Vehicle to Everything (V2X) services”, v15.1.0 

[5] R1-18xxxxx – “RAN1 chairman notes” – RAN1 chairman.

[6] R2-1816790 – “QoS Management for NR V2X” – Interdigital.


3/4


