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Introduction

During last RAN3 meeting, there were some discussion on the PLMN specific info in NR Served Cell Information for RAN sharing scenario. To be specific, the “Common interface” solution vs the “Per PLMN interface” solution. According to the progress in last meeting, the discussion for this issue will continue in R-16. In this contribution, we further provide our understanding on this remaining issue. Corresponding CRs are also provided.
Discussion
The discussion for “Common interface” vs “PLMN specific interface” keeps going for several meetings. In this contribution, we would like to further address the issues and solutions. The inter-PLMN RRC Resume/Reestablishment and inter-PLMN handover scenarios are considered. Additionally, the sharing-DU(non-sharing-CU) scenario is also considered.
Inter-PLMN RRC Resume/Reestablishment Scenario

Currently the X2/Xn interface is PLMN specific. In RAN sharing scenario, one PCI could be configured with multiple Cell IDs associated with different PLMNs. When a UE tries to Resume/Reestablish RRC connection towards a new base station, the target Cell that UE selected for RRC Resume/Reestablishment could be configured as a shared Cell. If the home PLMN of the target Cell is different from the source Cell, this is referred to as an inter-PLMN RRC Resume/Reestablishment. 

Problem description
For inter-PLMN RRC Resume/Reestablishment, when there is RRC Resume/Re-establishment request coming to a new base station, how this new base station would select a proper X2/Xn interface without any PLMN specific info is a remaining issue. For PLMN specific X2/Xn interface, there should be independent logical X2/Xn interfaces for each operators if the cell is shared by multiple PLMNs. For the Retrieve UE context signaling, this procedure should be initiated on all the X2/Xn interfaces. In this case such signaling need to be done simultaneously on all the interfaces in order to to avoid timeout. It seems that this solution makes operation and maintenance complicated. Considering an extreme scenario, if the Cell is shared by plenty of operators, signaling storm could happen which may have serious impact for the network. 
Solution1: PLMN specific interface solution
From our perspective, the PLMN specific interface can still work if some implementation based enhancement is introduced. For example, if the base stations are configured to share the PLMN information for the same PCI by implementation, i.e., the base station are able to read all the Cell IDs and associating PLMN IDs for a same PCI in a list as shown in Fig.1, then the base station who receives the RETRIEVE UE CONTEXT REQUEST message from one PLMN sepecific Xn/X2 interface will be regarded valid for all PLMNs thus only needs to initiate one Retrieve UE context procedure based on the received PCI. In this case, RAN3 could consider the possibility of PLMN specific interface solution by introducing implementation based enhancement. However, it will bring additional overhead to OAM system. And this solution need some stage2 clarification text to state that each logical base station should be allowed to read all the Cell IDs and associating PLMN IDs for a same PCI in a list. The corresponding CRs can be found in [1] and [2].
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Fig.1 Multiple Operators sharing the PLMN info for the same PCI

Observation1: The PLMN specific interface can still work if some implementation based enhancement is introduced. Some stage2 clarification text is needed.

Solution2: Common interface solution
Comparing with PLMN specific interface solution, the Common Interface solution could be easier. As we proposed in [3], the TAC and the CGI could be signaled for each served PLMN in the Served NR Cell Information. Since the presence of TAC and CGI for each served PLMN is optional, both the RAN sharing and non-RAN sharing scenarios could be handled by one X2/Xn interface, which provides more flexibility. Additionally, from specification perspective, this solution seems to be a straightforward way and could reduce the signaling complexityy, especially in the following cases. Not much Specification work is needed. In last meeting, most RAN3 companies are OK with the common interface solution, so RAN3 should take the common interface solution into consideration. 

Observation2: The common interface solution is a straightforward way and could reduce the signaling complexity.
Based on the above analysis, we suggest RAN3 to consider the coexisting of both the PLMN specific interface solution and the common interface solution. For the common interface solution, we have provided the corresponding TPs for Xn/X2/F1 interfaces, which can be found in [4], [5] and [6].
Proposal1: RAN3 is kindly suggested to consider the coexisting of both the PLMN specific interface solution and the common interface solution.
NG based handover scenario
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Fig.2 NG based handover in RAN sharing

Problem Description

Consider the NG based mobility scenario shown in Fig.2. In this scenario, both Cell-1 and Cell-2 are shared by PLMN1 and PLMN2. Assume that the primary PLMN of Cell-1 is PLMN1, and the primary PLMN of Cell-2 is PLMN2. Assume UE is served by NCGI-2 which is under PLMN-2. 

According to the Served NR Cell Information IE structure in current X2/Xn interface[7], one PCI and one NCGI is followed by a Broadcasting PLMN list. Based on the served cell information provided via PLMN-2 specific interface, Source node can only obtain NGCI-3, PLMN-2 and PLMN-1. Based on these information, Source node is able to identify the global gNB ID-3, which will be selected as the target node in the HANDOVER REQUIRED message. But due to load balancing reason, the Source node decides to choose PLMN-1 as the Selected PLMN for this UE, then the Source node will send HANDOVER REQUIRED message towards AMF2 which supports PLMN2. 

According to the description in [8], the Source AMF uses the TAI information supplied by the source node to select the target AMF/MME and forward the selected PLMN ID to the target AMF/MME. The target AMF/MME indicates the selected PLMN ID to the target node so that the target node can select target cells for future handover appropriately. 

Based on  the above description, AMF2 will trigger routing toward AMF1 for further process. As shown in Fig.2, since AMF1 is not able to recognize Global gNB ID-3, the NG based handover failure will occur. 

Solution1:Common interface solution 

Consider the common interface solution, if the NCGI/TAC signaled per PLMN for each serving cell, then Cell-1 could be able to obtain NCGI-3, PLMN-2 and NCGI-4, PLMN-1 of the Cell-2. Which indicates that Cell-1 can further identify global gNB ID-3 and global gNB ID-4. For load balance purpose, the source node decides to choose PLMN-1 as the selected PLMN and the Global gNB ID-4 will be selected as the target node. Then based on the received HANDOVER REQUIRED message from the source node, AMF2 will trigger routing toward AMF1 for further process. Since AMF1 is able to identify Global gNB ID-4 and PLMN-1, AMF1 will further process the handover command with the target node. From this point, the common interface solution is beneficial for handling the NG based handover procedure in RAN sharing scenario.
Observation3: The common interface solution is beneficial for handling the inter-PLMN NG based Handover procedure.

Solution2:PLMN Specific interface solution

In our understanding, the PLMN specific interface solution can still work if some enhancement is introduced. Similar as the description in solution 1 of Section 2.1, if the RAN nodes are configured to share the PLMN information for the same PCI by implementation, i.e., the RAN nodes are able to read all the NCGIs and associating PLMN IDs for a same PCI in a list as shown in Fig.1,  then the source base station could be able to identify all the available global gNB IDs of itself. Assuming that this global gNB ID list could be transferred to each CN node it connects, e.g., AMF2. As shown in Fig.3, For HANDOVER REQUIRED message sending from the source base station to AMF2, once the Selected PLMN 1 is identified, AMF2 will still route the handover message to AMF1 for further process. However, the AMF1 can recognize the the target node is global gNB ID-4 under PLMN1. Then the NG based handover signaling routing will be successful.
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Fig.3 NG based handover in RAN sharing----Enhanced PLMN specific interface solution
For this solution, the global gNB ID list of RAN node should be transferred to AMF during NG setup procedure, which indicates that the NG interface Spec needs to be updated.
Observation4: The PLMN specific interface solution can work with the NG based handover scenario. But the NG interface Spec needs to be updated. 
Sharing-DU (non-sharing-CU) scenario
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Fig.3: Deployment with separate gNB-CUs.
There were discussion that the sharing-DU (non-sharing-CU) scenario should also be considered. As shown in Fig.3 which is captured from [9], the logical PLMN specific DUs and the common PHY/MAC box (which is functionally part of all 3 shown DUs), are typically deployed in one physical entity, whereas PLMN specific CUs are separate from each other. In this case, a single physical entity could be deployed in such scenarios, comprising common parts for at least PHY and MAC and separate F1-C terminations. 

It was discussed in [9] whether re-direction mechanism necessary on F1 only for the first UL F1AP Message for one UE. According to TS38.401, it stated that:

One gNB-DU is connected to only one gNB-CU. 

NOTE:For resiliency, a gNB-DU may be connected to multiple gNB-CUs by appropriate implementation. It means that there is no intention to specify such case in R15.
Furthermore, there is another implementation way to solve it, that the DU supporting network sharing with multiple Cell-ID/TAC configuration can contact all CUs in parallel, when it receives the response message from one CU, than the selected CU can be determined, which can also avoid the delay introduced by re-direction.

For Warning messages, DU will receives the PWS messages from CU via WRITE-REPLACE WARNING REQUEST message, it’s possible to let DU coordinates delivery of notifications based on adding the Message Identifier and Serial Number in the PWS related F1AP messages, however, it still depends on whether there has the intention to specify one gNB-DU connected with more than one gNB-CU case in R15.
Observation5: It seems there is no intention to specify one gNB-DU connected with more than one gNB-CU case in R15.
Conclusion
The following proposal is provided:

Observation1: The PLMN specific interface can still work if some implementation based enhancement is introduced. Some stage2 clarification text is needed.

Observation2: The common interface solution is a straightforward way and could reduce the signaling complexity.

Observation3: The common interface solution is beneficial for handling the NG based Handover procedure.

Observation4: The PLMN specific interface solution can work with the NG based handover scenario. But the NG interface Spec needs to be updated. 

Observation5: It seems there is no intention to specify one gNB-DU connected with more than one gNB-CU case in R15.
Proposal1: RAN3 is kindly suggested to consider the coexisting of both the PLMN specific interface solution and the common interface solution.

References

R3-190400 Clarification for PLMN specific interface in case of RAN sharing for TS36.300

R3-190403 Clarification for PLMN specific interface in case of RAN sharing for TS38.300

R3-185596 Further discussion on PLMN specific info in NR Served Cell Information.
R3-190405 Update on NR Served Cell Information for TS36.423.

R3-190408 Update on NR Served Cell Information for TS38.423.

R3-190409 Update on NR Served Cell Information for TS38.473.

TS36.423 V15.4.0.

TS23.501 V15.4.0.

R3-186859 RAN sharing with multiple Cell ID broadcast. Ericsson, Interdigital.


1
3

gNBC
gNBA
gNBB
DUA
DUC
DUB
Common DU’s cell resources &  scheduler
Multiple PLMN / Cell / TAC broadcast
CUA
CUC
CUB
5GCA
5GCC
5GCB
NG-CA:
PLMNA, TACA
NG-CB:
PLMNB, TACB
NG-CC:
PLMNC, TACC
F1-CA: PLMNA, TACA, CellIDA
F1-CB: PLMNB, TACB, CellIDB
F1-CC: PLMNC, TACC CellIDC



