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1. Introduction & Background

RAN2#102 has discussed ANR functionality for Intra-NR and Inter-RAT with LTE including dual connectivity scenario, with some considerable agreements. 
Further, at RAN2 AH1807, there was contribution [1] discussing that in some case(s), that when reporting CGI, it may be necessary that serving node should be aware of the NR cell type in order to setup the necessary interface.
This contribution discusses the cases where the serving node may need to know the NR cell type and further, discusses potential solutions for NR cell type indication.
2. Discussion
2.1. NR cell type
Based on operator network deployment, a gNB can be deployed with NR cells supporting:

· cell deployed  for EN-DC in NSA mode or NGEN-DC in NSA mode with 5GC
· cell deployed with NR functionality in SA mode with 5GC

· cell deployed in both SA and NSA mode 

Based on the deployment scenario, when a UE reports CGI for a NR cell to a serving node (eNB or ng-eNB or gNB), the serving node may need to know the NR cell type(i.e. NSA only, SA only or both) in order to setup the necessary interface Xn, X2 or X2/Xn. 

If the NR cell does not broadcast SIB1 and UE reports NoSIB1 in the CGI reporting, it is obvious that the NR cell is in NSA mode. Therefore there would be no ambiguity on which kind of interface to set up.
However if, the NR cell is in both in SA and NSA mode, based on CGI report, the serving node may not immediately know the NR cell type

Observation 1:The CGI report content is not enough for the serving node to distinguish the following two NR cell types: “SA only, ”NSA only” and “both SA and NSA”.
After NR CGI report, in some case it may be possible to setup Xn interface, but if the serving node does not know the neighbor NR cell type, the serving node cannot know which kind neighbor relation to maintain with the neighbor NR cell. For example if the if the serving node is a ng-eNB, after neighbor NR CGI report, ng-eNB can setup Xn interface with the NR cell, but ng-eNB cannot whether to maintain NGEN-DC relation or just inter-RAT HO relation or both with the NR cell in the ng-eNB neighbor relation table.
Proposal 1: After CGI report, to maintain the necessary relation, e.g; DC or simple HO or both, with neighbor NR cell, the serving node should know the NR cell type.
2.2. Potential solutions to identify a NR cell type
In this section, we discuss potential solution for NR cell type identification
According TS38.300, the Xn interface is defined between two NG-RAN nodes. NG-RAN node is either a gNB or an ng-eNB. ng-eNB (eLTE eNB or LTE/5GC) is a node providing E-UTRA user plane and control plane protocol terminations towards the UE, and connected via the NG interface to the 5GC.
And according to TR 38801, the interface Xn is also applicable for the connection between two ng-eNBs.
So Xn is an interface between two gNBs, or between a gNB and ng-eNB or between two ng-eNBs.

For NGEN-DC and NE-DC, Xn is used between ng-eNB and gNB, therefore,

Observation 2: Xn interface apply two NG-RAN nodes both connected to 5GC in SA mode and in case of NGEN-DC/NE-DC/NR-NR-DC
According to TS36423, setting up the X2 is used to exchange necessary data for the eNB or en-gNB for setup the X2 interface and implicitly perform an X2 Reset.
In case of EN-DC, X2 is used between eNB and en-gNB (NSA gNB cell), not Xn.

Observation 3: X2 is used between two eNBs and in case of EN-DC between eNB and en-gNB (NSA gNB cell).
Further, the mobility scenarios considered in TR38801 are in twofold:

· Intra-system mobility i.e. intra RAT (gNB <-> gNB; en-gNB <-> en-gNB) and inter-RAT (en-gNB <-> gNB).
· Inter-system inter-RAT handover based on CN interface between EPC and 5GC.
Observation 4: There is no direct interface between eNB and gNB in SA mode

2.2.1. NR Cell Type Identification at X2/Xn setup 

When reporting CGI of NR cell (different from NoSIB1) to serving node, UE does not report any indication related to NR cell type. The serving node can be a eNB, ng-eNB or gNB.
Case 1: The serving node is an eNB connected to EPC

At reception, based on CGI content serving eNB just send X2 SETUP REQUEST to reported NR cell. After X2 setup request the following cases may happen:

· If the NR cell support NSA the X2 setup will succeed and in the X2 SETUP RESPONSE the NR cell may -indicate if the cell also support SA. After X2 setup, EN-DC can be configured. 

· If the NR cell is a SA cell and does not support NSA, the X2 setup will fail, the NR cell may:

· Send X2 SETUP FAILURE that can be used to indicate that the NR cell is a SA cell as cause value of failure. So the eNB can know that the NR cell is just a SA cell. 

· Ignore and notify the eNB that it is a SA cell

Either the X2 setup succeed or fail, the eNB can  know the NR cell type and keep the correct neighbor relation in the NRT.

Case 2: The serving node is an ng-eNB connected to 5GC

If the NR cell CGI is reported to a ng-eNB, a Xn can always be setup with the NR cell. So the ng-eNB just send a Xn SETUP REQUEST. In the Xn SETUP RESPONSE the NR cell indicate its cell type: SA, NSA or SA/NSA. If the NR cell support NSA, ng-eNB can configure a NGEN-DC with NR cell and the ng-eNB can keep the correct neighbor relation in the NRT.
Case 3: The serving node is a gNB 
This NR-NR DC case is similar to NGEN-DC case. So the solution is the same as for NGEN-DC.
Observation 5: Cell type indication in X2/Xn setup procedure can easily be supported without any new impact on MIB/SIB1 or on Uu or on UE. Just by one time interface setup request.
Observation 6: NR cell type indication can be achieved without any additional RAN2 specification work.

2.2.2. NR Cell Type Identification on Uu

To identify whether a NR cell is SA, NSA or SA/NSA mode, the following options can be considered:
· Option 1: In case the NR cell broadcasts SIB1, as suggested in [1], UE includes in the CGI report an indication if the NR cell is SA, NSA or both SA/NSA.
For the UE to indicate the NR cell type in CGI report, the NR cell may have to broadcast extra information in either MIB or SIB1. For example the NR cell may use two bits in SIB1 to indicate the NR cell type as SA, NSA or both SA/NSA. At CGI reporting, UE will include the corresponding bits to indicate the NR cell type.
This solution may come with extra impact on SIB1 size. It also has extra impact on UE.

· Option 2: Another potential solution, as proposed in [2], would be to identify a NR cell as NSA if TAC is not broadcast with it its corresponding PLMN and as SA if the TAC is PLMN is broadcast with it its corresponding PLMN.
This solution may work in case of RAN sharing between different operators (e.g., 2 operators) with different PLMN per operator with the NR cell in NSA mode for operator 1 and in SA mode for operator 2. But if the cell is SA/NSA for operator 1, the solution does not work.

For this solution to work properly for an operator, the NR cell MIB or SIB1 may need to carry additional information and UE would also have to report additional information in CGI report. For example an additional bit may be required in CGI report to identify the cell as SA/NSA mode.
This solution may also come with extra impact on SIB1 size, if additional information need to be included in SIB1. It also has extra impact on UE.

Observation 7：Network broadcasts cell type indication in Uu can work，but as the system information have to repeatedly broadcast cell type indication info that will be needed just for one time. This is unnecessary burden in the system info
Proposal 2: RAN2 to discuss whether NR cell type indication is delivered on Uu or X2/Xn.
Proposal 3: If RAN2 prefers that NR cell type indication is delivered on X2/Xn，send an LS to inform RAN3 about RAN2 preference about NR cell type identification.
3. Conclusion

This contribution discusses some NR cell type indication and concludes with following observations and proposals:
Observation 1:The CGI report content is not enough for the serving node to distinguish the following two NR cell types: “SA only, ”NSA only” and “both SA and NSA”.

Observation 2: Xn interface apply two NG-RAN nodes both connected to 5GC in SA mode and in case of NGEN-DC/NE-DC/NR-NR-DC
Observation 3: X2 is used between two eNBs and in case of EN-DC between eNB and en-gNB (NSA gNB cell).
Observation 4: There is no direct interface between eNB and gNB in SA mode

Observation 5: Cell type indication in X2/Xn setup procedure can easily be supported without any new impact on MIB/SIB1 or on Uu or on UE. Just by one time interface setup request.
Observation 6: NR cell type indication can be achieved without any additional RAN2 specification work.

Observation 7：Network broadcasts cell type indication in Uu can work，but as the system information have to repeatedly broadcast cell type indication info that will be needed just for one time. This is unnecessary burden in the system info
Proposal 1: After CGI report, to maintain the necessary relation, e.g; DC or simple HO or both, with neighbor NR cell, the serving node should know the NR cell type.
Proposal 2: RAN2 to discuss whether NR cell type indication is delivered on Uu or X2/Xn.

Proposal 3: If RAN2 prefers that NR cell type indication is delivered on X2/Xn，send an LS to inform RAN3 about RAN2 preference about NR cell type identification.
References

[1] R2-1809682, NSA/SA NR cell indication in NR CGI reporting Ericsson
[2] R2-1809860, SI contents for NSA and SA/NSA network sharing, Nokia, Nokia Shanghai Bell

[image: image1.png]



