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1. Introduction
This issue had been discussed during the past three meetings, yet there has no common understandings reached so far, the latest summary could be seen in [1] from last RAN3#107e meeting. Some initial agreements were agreed, e.g. no stage 3 but stage 2 clarifications, and there are two sets of proposed wording on the table, this paper tries to have further discussions on the two proposed wording.
2. Discussion
As we know the cause of this issue is about routing, and the requirement concerning routing is, the IE Target ID indicating the HO target node included in HANDOVER REQUIRED message should match with the IE Global RAN Node ID included in NG SETUP REQUEST message between the AMF and potential target node. 
Observation 1: In order to route successfully during HO phase, the IE Target ID indicating the HO target node included in HANDOVER REQUIRED message towards an AMF from a source RAN node should match with the IE Global RAN Node ID included in NG SETUP REQUEST message between this AMF and the potential HO target node.
Now we saw two different versions of wording on the table clarifying how the RAN node ID should be filled in order to perform a successful routing, as follows:

Version 1: Global Cell Identities and Global NG-RAN Node Identities should include the first PLMN ID within the common subset of PLMN IDs supported by the serving AMF and broadcast for the cell, following the order of broadcast in SIB1.

Version 2: Global Cell Identities and Global NG-RAN node identities should include the first PLMN ID within the set of PLMN IDs broadcast for the cell, following the order of broadcast in SIB1.
In order to understand the different consequence of the wordings, we could use the following figure to illustrate the typical RAN sharing deployment where AMF is not shared.
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Figure 1. Typical deployment of RAN sharing among two operators – AMF not shared
If we take version 1:
· For NG SETUP REQUEST between gNB1&2 and AMF1&2, gNB1 will set Global RAN Node ID as “gNB ID1-1+PLMN 1” to AMF1 and “gNB ID1-2+PLMN 2” to AMF2; gNB2 will set Global RAN Node ID as “gNB ID2-1+PLMN 1” to AMF1 and “gNB ID2-2+PLMN 2” to AMF2.
· For HO REQUIRED between gNB1 and AMF2, since here we assume UE selects PLMN2, gNB1 will include Target ID as “gNB ID2-2+PLMN 2” in HANDOVER REQUIRED towards AMF2; here we could see that “gNB ID2-2+PLMN 2” as target RAN node is also the same one as is used for Global RAN Node ID in NG SETUP REQUEST message between gNB 2 and AMF2, which is in line with the rule in observation 1.
If we take version 2, anyway the first broadcast item should be included: 
· For NG SETUP REQUEST, gNB1 will set Global RAN Node ID as “gNB ID1-1+PLMN 1” to both AMF1 and AMF2; gNB2 will set Global RAN Node ID as “gNB ID2-1+PLMN 1” to both AMF1 and AMF2.
· For HO REQUIRED, since here we assume UE selects PLMN2, HO REQUIRED message should go to AMF2; thus, still following the rule in observation 1, gNB1 should also include Target ID as “gNB ID2-1+PLMN 1” in HANDOVER REQUIRED towards AMF2.
Comparing the behaviour according to two versions, firstly we could see that both versions could work, but taking a further check, we could find some differences; for version 1, gNB1 is required in advance which PLMN(s) are supported by the AMF to be connected; while for version 2, one AMF should accept a PLMN ID which it doesn’t support/to which it doesn’t belong, pure technically speaking, it may doesn’t matter, since AMF just use the received Target ID in HO REQUIRED message to check if it has established any NG interface to this target; for version 2, an additional behaviour is that source RAN node should firstly follow the rule in observation 1 to use the first PLMN ID (and corresponding RAN node ID) in the CGI Info reported from UE as the Target ID.
We could also try to have analysis on some non-typical use case, see below Figure 2 where the AMF is shared and the set of PLMNs supported by source and target RAN node are not exactly the same ones.

Figure 2. Non-typical deployment of RAN sharing among two operators – AMF shared
Here AFM1 is shared by PLMN 3/4, for which we could further divide into two cases: per-PLMN interface or common interface.
If we take version 1:
· For NG SETUP REQUEST
· in case of per PLMN interface, gNB1 could establish two NG interfaces, and set Global RAN Node ID as “gNB ID1-3+PLMN 3” and “gNB ID1-4+PLMN 4” for each interface instance respectively towards AMF1; similarly, gNB2 will include “gNB ID2-3+PLMN 3” and “gNB ID2-4+PLMN 4” for each interface instance respectively, towards AMF2 ;
· in case of common interface, gNB1 will set Global RAN Node ID as “gNB ID1-3+PLMN 3” towards AMF1; similarly, gNB2 will include “gNB ID2-3+PLMN 3” towards AMF2 ;
· For HO REQUIRED, since UE selects PLMN3, for both per PLMN and common interface, gNB1 will set Target ID as “gNB ID2-3+PLMN 3” in HANDOVER REQUIRED towards AMF1 over the corresponding interface instance; and we could see that the as target RAN node is also the same one as is used for Global RAN Node ID in NG SETUP REQUEST message between gNB 2 and AMF1, which is in line with the rule in observation 1.
If we take version 2, similarly:
· For NG SETUP REQUEST, for both per PLMN and common interface cases, gNB1 will set Global RAN Node ID as “gNB ID1-3+PLMN 3” to AMF1; and gNB2 will set Global RAN Node ID as “gNB ID2-1+PLMN 1” to AMF1.
· For HO REQUIRED, since this message should go to AMF1; thus, still following the rule in observation 1, gNB1 should include Target ID as “gNB ID2-1+PLMN 1” in HANDOVER REQUIRED towards AMF1.
Taking both figures into account, actually we find some common points for each wording version, e.g., for version 1, gNB should be aware the configuration in AMF side (common subset of PLMN IDs supported by the serving AMF), while for version 2, gNB may include a PLMN ID which is not supported by the AMF to be connected, and the HO target ID to be filled shall check the broadcast info in the target node. We could try to have the following observations:
Observation 2-1: Both of the two wording versions could work.

Observation 2-2: For version 1, gNB is required to know in advance which PLMN(s) are supported by the AMF to be connected;

Observation 2-3: For version 2, gNB may include a PLMN which is not supported by the AMF to be connected during NG setup phase, and shall check the broadcast info in the target node (according to UE MR report) when setting HO target node ID.
The above analysis mainly targets routing issue during NG HO procedure, here we should note that the selected PLMN is indicated in the TAI for the UE undergoing handover, see below 5.18.4 in 23.501.

For N2 based HO procedure, the NG-RAN indicates a selected PLMN ID to the AMF as part of the TAI sent in the HO required message. Source AMF uses the TAI information supplied by the source NG-RAN to select the target AMF/MME. The source AMF should forward the selected PLMN ID to the target AMF/MME. The target AMF/MME indicates the selected PLMN ID to the target NG-RAN/eNB so that the target NG-RAN/eNB can select target cells for future handover appropriately.

For Xn interface, similar observations should also be applied but relaxed a bit, e.g., either wording version would see the same consequence for Figure 1 but different consequence for Figure 2, but there should be no confusions, since during Xn Setup procedure, all the PLMN specific information of each shared physical cell, including PLMN ID, CGI, TAC, etc., are exchanged.
Taking all the analysis above, our understanding is that both wording versions could work with some pre-conditions, we would like RAN3 to take the analysis and observations into account and make a discussion.
Proposal: It is suggested RAN3 take the analysis and observations into account and make a discussion.
4. Conclusion
Based on the discussion in this paper, we have the following observations for the group to discuss, and some suggestions were proposed.
Observation 1: In order to route successfully during HO phase, the IE Target ID indicating the HO target node included in HANDOVER REQUIRED message towards an AMF from a source RAN node should match with the IE Global RAN Node ID included in NG SETUP REQUEST message between this AMF and the potential HO target node.
Observation 2-1: Both of the two wording versions could work.

Observation 2-2: For version 1, gNB is required to know in advance which PLMN(s) are supported by the AMF to be connected;

Observation 2-3: For version 2, gNB may include a PLMN which is not supported by the AMF to be connected during NG setup phase, and shall check the broadcast info in the target node (according to UE MR report) when setting HO target node ID.
Proposal: It is suggested RAN3 take the analysis and observations into account and make a discussion.
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