3GPP TSG-RAN WG3 #103
R3-190239
Athens, GREECE, 25 Feb – 1 March 2019
Source:
CATT 

Title:
Resource co-ordination for V2X
Agenda Item:
23.6
Document for:
Discussion and Decision
1 Introduction

In RAN3#102, some open issues on resource co-ordination are summarized in the WF [1].
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In RAN1 #94 meeting [2], the following agreements have been achieved for LTE Uu and NR Uu control NR sidelink in NR V2X:

	Agreements:

· NR Uu can assign NR sidelink resources for the following:

· Shared licensed carrier between Uu and NR sidelink

· Dedicated NR sidelink carrier

Agreements:

· Study at least the following NR sidelink resource allocation techniques:

· Dynamic resource allocation

· Activation/deactivation based

· E.g., semi-persistent scheduling allocation or NR grant free type-2 

· RRC (pre-)configured

· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC

· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not


In RAN1#94bis meeting [3], the following agreements have been achieved:

	Agreements:

· It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications

· FFS details

· Further study impact and benefits of LTE Uu managing NR mode-1 SL communications

Agreements:

· It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications

· From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific

· Signalling details up to RAN2

· Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications. 

Conclusion:

· Send LS to RAN2 informing them the above two agreements:

· For the 2nd agreements, ask RAN2 to work on signalling

· For the 1st agreements, RAN1 is continuing working on identifying necessary details, including parameters

· Draft LS in R1-1812005 (Phillippe, Huawei), which is approved and final LS in R1-1812057
Agreements:

Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:

· Dynamic resource allocation

· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)

· Grant free transmission i.e., configured NR grant type-1

Agreements:

· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier 


In RAN1#95 meeting [4], the following agreements have been achieved:

	Agreements:

The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:

· Dynamic resource allocation

· Configured grant. 

· FFS whether type-1 and/or type-2 

Agreements:

· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:

· What will be required on the UE side to support such feature 

· DCI design (e.g., whether DCI 5A can be reused)

· Deployment scenarios where it is beneficial


Base on the progress and agreements of RAN1, we will further discuss the resource co-ordination between LTE and NR to correctly schedule the LTE/NR PC5.
2 Discussion

2.1 Support of cross scheduling
From the agreements of RAN1 as shown in the introduction part, RAN1 has agreed the scenario NR Uu could schedule both NR PC5 and LTE PC5. To support the cross scheduling, a NG-RAN needs to coordinate with adjacent LTE eNBs to get the LTE PC5 resource related configuration. For an eNB, it also need to get the NR PC5 resource related configuration from adjacent NG-RAN nodes (gNB, ng-eNB) to correctly schedule the NR PC5 in LTE Uu. 
Observation 1: NR Uu scheduling of LTE sidelink, and LTE Uu scheduling of NR sidelink are possible scenarios which have been agreed by RAN1.

Which info should be coordinated between gNBs and eNBs should be further studied, e.g. dynamic or semi-static resource coordination should be supported? Cell specific or UE specific resource coordination should be done? The details need more input from RAN1, and this could be left to Stage 3 work in WI phase.

Proposal 1: Resource coordination between gNB and eNB should be supported to support the cross scheduling scenarios for V2X, i.e. NR Uu to schedule LTE PC5, or LTE Uu to schedule NR PC5.
Proposal 2: which info and granularity to be exchanged between the RAN nodes need more input from RAN1. 
2.2 Interference cancellation

As has been specified in TR22.886 [5], 

Depending on the choice of OEMs, while some vehicles are equipped with modules supporting only LTE, other vehicles may be equipped with modules supporting only NR (New Radio). If a vehicle of NR cannot talk to a vehicle supporting LTE, the vehicle supporting LTE can be regarded as another vehicle of no V2X capability. Thus, to achieve maximum gain through the use of V2X application, the communication between the vehicles of different RAT capabilities should also be supported as much as possible. 

The following figure 5.7.1-1 shows the scenarios to be considered.
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Figure 5.7.1-1: Example scenario of mixed 3GPP RATs deployment 
In no coverage area, neither E-UTRAN nor NR access network is found. Because there is no network support for the communication among vehicles, direct Prose communication based on LTE and/or NR is the only option available for the communication between the vehicles.  

For communication toward other NR-based vehicle, it seems straight-forward for a NR-based vehicle to use direct Prose communication based on NR. Performance of NR-based direct Prose communication will surpass that of LTE-based direct Prose communication.

However, considering that the average lifespan of the vehicles is longer than 10 years, it is likely that LTE-based vehicle exists near the NR-based vehicle. Because LTE-based vehicle cannot understand NR-based Prose direct communication, the only choice is that the NR-based vehicle understands the LTE-based Prose direct communication. I.e., by making NR-based Prose communication include support for backward-compatibility to LTE-based Prose communication, direct communication between vehicles of different RATs can be supported.

By the way, this does not necessarily mean that enhancement in NR-based Prose direct communication is limited to what LTE-based Prose direct communication can provide. For the basic safety service, LTE compatible Prose direct communication is used and NR-optimized direct communication can be used for advanced V2X service such as platooning.
In the LTE only coverage area, if the EPS V2X capable UE uses the Uu interface for the V2X transmission, in this area, the 5GS V2X capable UE uses PC5 interface to communicate with other V2X UE, the transmission from the 5GS V2X capable UE may generate interference to the E-UTRAN system. In this case, if the 5GS V2X capable UE obtains the LTE cell related configuration parameters, the interference to the E-UTRAN might be minimized. 
This interference issue could be avoided or minimized if NG-RAN has some knowledge of its LTE neighbour cells, e.g. the frequency band of LTE UU, the time slot for TDD mode. 

In RAN1, they have not discussed and confirmed such interference issue. But this issue does occur when NR PC5 leverages the same frequency band as LTE UU.
Observation 2: the 5GS V2X capable UE uses PC5 interface to communicate with other V2X UE, the transmission from the 5GS V2X capable UE may generate interference to the E-UTRAN system.
Base on the discussion above, it’s assumed that the same solution of resource coordination for cross scheduling as being discussed above could also be used to resolve the interference issue, i.e. exchanging the info between LTE and NR RAN nodes.

Proposal 3: Resource coordination between gNB and eNB should be supported to avoid or minimize the interference issue which may be generated by the transmission from the 5GS V2X capable UE to the E-UTRAN system.
3 Conclusions
Based on the discussion on cross scheduling and interference cancellation in section 2, we provided the followings observations and proposals:
Observation 1: NR Uu scheduling of LTE sidelink, and LTE Uu scheduling of NR sidelink are possible scenarios which have been agreed by RAN1.

Proposal 1: Resource coordination between gNB and eNB should be supported to support the cross scheduling scenarios for V2X, i.e. NR Uu to schedule LTE PC5, or LTE Uu to schedule NR PC5.
Proposal 2: which info and granularity to be exchanged between the RAN nodes need more input from RAN1. 

Observation 2: the 5GS V2X capable UE uses PC5 interface to communicate with other V2X UE, the transmission from the 5GS V2X capable UE may generate interference to the E-UTRAN system.
Proposal 3: Resource coordination between gNB and eNB should be supported to avoid or minimize the interference issue which may be generated by the transmission from the 5GS V2X capable UE to the E-UTRAN system.
Proposal 4: RAN3 to discuss and agree the text proposal for resource coordination.
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5 Text Proposal
X.Y Resource coordination 
Resource coordination between NG-RAN and eNB should be supported to support the cross scheduling scenarios for V2X, i.e. NR Uu to schedule LTE PC5, or LTE Uu to schedule NR PC5.
The PC5 transmission from the 5GS V2X capable UE may generate interference to the E-UTRAN system. The interference issue could be avoided or minimized if NG-RAN has some knowledge of its LTE neighbour cells.
What information and granularity should be exchanged between NG-RAN and eNB is FFS.

Resource Coordination between Neighbour Nodes


FFS: The transmission from the 5GS V2X capable UE (NR PC5) may generate interference to the E-UTRAN Uu. If RAN1 confirms the issue, RAN3 can start to look at on how to minimize the interference by resource coordination


FFS: Resource pool coordination between NG-RAN nodes
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