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1. Introduction
In previous RAN3 meetings, the Mobility Restriction in SN addition was discussed, and there are different solutions to address the issue, as shown in RAN3#111 meeting chairman notes:
Nok
st2 impact: Clarify that the target/new NG-RAN node shall use the information contained in the 5GC Mobility Restriction List Container IE to replace the information contained in the Mobility Restriction List IE (except for the Serving PLMN and the Equivalent PLMNs)
Introduce in both E-UTRAN and NG-RAN
HW
st3 impact: introduce 5GC Mobility Restriction List Container IE in the following XnAP messages:
-	S-NODE ADDITION REQUEST
-	S-NODE MODIFICATION REQUEST
introduce EPC Handover Restriction List Container IE in the following X2AP:
-	SGNB ADDITION REQUEST
-	SGNB MODIFICATION REQUEST
E///
st2 impact: correct ambiguous wording in st2 on the 5GC Mobility Restriction List Container IE
abstain from including 5GC Mobility Restriction List Container IE in the S-NODE ADDITION REQUEST message.
The topic was marked as to be continued, with two questions listed:
· Whether MN should provide the appropriate info to SN?
· Whether to enable an SN to use a higher-release/version MRL than an MN? I.e., whether this is a feasible deployment scenario?
· Operator input is welcome
In this contribution, we provide our further analyses on this topic.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Background
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]In last meeting, there are three solutions provided on the table, take 5GC case as an example:
-	Option 1: Stage 3 solution from Rel-15 (see discussion in [4], CRs in [5][6][7][8])
	Introduce 5GC Mobility Restriction List Container IE in the following XnAP messages:
-	S-NODE ADDITION REQUEST
-	S-NODE MODIFICATION REQUEST


-	Option 2: Stage 2 solution from Rel-15 (see discussion in [9], CRs in [10][11])
	If NG-RAN nodes with different versions of the XnAP or NGAP protocol are deployed, information provided by the 5GC within the NGAP Mobility Restriction List may be lost in the course of Xn mobility. In order to avoid such loss of information at Xn handover or UE context retrieval due to a source NG-RAN node or an old NG-RAN node not able to recognise the entire content, the source NG-RAN node or the old NG-RAN node may provide an 5GC Mobility Restriction List Container to the target NG-RAN node or the new NG-RAN node, containing the Mobility Restriction List as received from the 5GC. The target NG-RAN node or the new NG-RAN node shall use the information contained in the 5GC Mobility Restriction List Container to replaceas the information contained in the XnAP Mobility Restriction List, except for the Serving PLMN and the Equivalent PLMNs, which the NG-RAN node shall use from the XnAP Mobility Restriction List. The 5GC Mobility Restriction List Container may be propagated at future Xn handover and UE context retrieval.



-	Option 3: Stage 2 solution but from Rel-16 (see discussion in [1], CRs revised in [2][3])
	[bookmark: _Hlk33613192]If NG-RAN nodes with different versions of the XnAP or NGAP protocol are deployed, information provided by the 5GC within the NGAP Mobility Restriction List may be lost in the course of Xn mobility. In order to avoid such loss of information at Xn handover or UE context retrieval due to a source NG-RAN node or an old NG-RAN node not able to recognise the entire content, the source NG-RAN node or the old NG-RAN node may provide an 5GC Mobility Restriction List Container to the target NG-RAN node or the new NG-RAN node, containing the Mobility Restriction List as received from the 5GC. The target NG-RAN node or the new NG-RAN node shall use the information contained in the 5GC Mobility Restriction List Container to replaceas the information contained in the XnAP Mobility Restriction List, except for the Serving PLMN and the Equivalent PLMNs, which the NG-RAN node shall use from the XnAP Mobility Restriction List. The 5GC Mobility Restriction List Container may be propagated at future Xn handover and UE context retrieval.



For option 2 and 3, we do not see the need to have a Rel-15 CR as the Rel-15 MN is not able to update the Rel-16 information received in the 5GC container into the MRL to be propagated to the SN. Therefore in the discussion section#3 we only address option 1 and option 3.
3. Discussion
1. 
2. 
3. 
3.1. Correct MRL Information or Wrong MRL Information
During the offline email discussion among involved companies at the last day of RAN3#111 meeting, serval issues for option 3 were mentioned, and one of them is:
Issue 1: Wrong information provided from lower release MN to higher release SN
Based on current XnAP design, a lower release MN will propagate wrong information towards a higher release SN, e.g. CN send RAT restriction (00100000) to a Rel-15 MN, the Rel-15 MN will forward (00000000) towards the Rel-16 SN, Option 3 does not and cannot solve this issue.
	Rel-15 XnAP
	>RAT Restriction Information
	M
	BIT STRING {
e-UTRA (0),
nR (1) }
(SIZE(8, …))
	Each position in the bitmap represents a RAT.
If a bit is set to "1", the respective RAT is restricted for the UE.
If a bit is set to "0", the respective RAT is not restricted for the UE.
This version of the specification does not use bits 2-7, the sending node shall set bits 2-7 to "0", the sender shall ignore bits 2-7.

	Rel-16 XnAP
	>RAT Restriction Information
	M
	BIT STRING {
e-UTRA (0),
nR (1), nR-unlicensed (2)}
(SIZE(8, …))
	Each position in the bitmap represents a RAT.
If a bit is set to "1", the respective RAT is restricted for the UE.
If a bit is set to "0", the respective RAT is not restricted for the UE.
This version of the specification does not use bits 3-7, the sending node shall set bits 3-7 to "0", the sender shall ignore bits 3-7. 


With the issue mentioned above, the UE is restricted to use NR-unlicensed, but the Rel-15 MN will inform Rel-16 SN that it is allowed. Providing wrong MRL information is not acceptable because the SN will probably use the restricted RAT for the UE. It is notices that the same issue also exist in non-DC case, i.e. lower release NG-RAN node1 will provide wrong information towards a new release NG-RAN node2 in Mobility Restriction List IE. In non-DC case the issue could be solved by using existing 5GC Mobility Restriction List Container IE provided from source/old NG-RAN node to the target/new NG-RAN node. But as 5GC Mobility Restriction List Container IE is an optional IE, the issue will still exist if 5GC Mobility Restriction List Container IE is not provided.
In order to avoid this issue in both DC case and non-DC case, the sending node need to propagate the information to the receiving node without set the leftover bits to “0”.
Proposal 1: Change the last part of semantics description of the Rel-15 XnAP: RAT Restriction Information IE to “This version of the specification does not use bits 2-7” 
Proposal 2: Change the last part of semantics description of the Rel-16 XnAP: RAT Restriction Information IE to “This version of the specification does not use bits 3-7” 
In case proposal 1 and 2 are adopted, although the lower release node still not able to provide full information to a higher release node, at least the lower release node will not provide wrong information towards a higher release node, therefore the option 1 and option 3 still workable. Otherwise only Option 1 can work.
3.2. Full MRL Information or “downgraded” MRL information
For option 1, the main concern raised was about whether a Rel-16 SN should have more information than a Rel-15 MN. Note that the Mobility Restriction Information provides restriction information, it is not the trigger of using a feature/function in a Node, we do not see the harm to provide full restriction info to the peer node, regardless of whether the peer node is a SN in DC or a target/new RAN node in mobility.
On the other hand, the option 3 will  “downgrade” the MRL, in case MN is lower release than SN, e.g. UE accessed R16 gNB and arrives at an R15 gNB (“downgrading” the XnAP MRL) where DC is performed with an R16 SN. 
As we all know that the RAT restriction is enforced in the network, and not provided to the UE. Note that based on TS38.300, if the roaming and access restriction information is not available for a UE at the gNB, the gNB shall consider that there is no restriction for subsequent mobility actions.
The Extended RAT Restriction Information IE was introduced in Rel-16, a Rel-15 MN will not propagate this IE to the SN, in case a Rel-15 gNB triggers SN addition towards a Rel-16 ng-eNB, if it is actually restricted to use E-UTRA as the secondary RAT for the UE, the ng-eNB is not able to know that and the SN addition will be successfully performed. In case option 1 is used, the ng-NB can check the 5GC MRL container, and then fail the SN addition procedure. Therefore the MN need to provide full MRL information to the SN instead of a “downgraded” MRL.
Proposal 3: Include the 5GC Mobility Restriction List Container IE in XnAP: S-NODE ADDITION REQUEST and S-NODE MODIFICATION REQUEST messages.
For X2AP, Unlicensed Spectrum Restriction IE was added in the Handover Restriction List IE in Rel-16. Based on TS 36.300, if the roaming and access restriction information is not available at the eNB, the eNB shall consider that there is no restriction for subsequent mobility actions.  A Rel-16 en-gNB will consider that there is no restriction to use unlicensed spectrum in the form of LAA or LWA/LWIP or NR-U in case the Unlicensed Spectrum Restriction IE is not propagate from the Rel-15 eNB.  It is needed for the eNB to provide full information to the en-gNB, to avoid the en-gNB using unlicensed spectrum in case it is restricted. Therefore it is also needed to provide EPC Handover Restriction List Container from eNB to en-gNB.
Proposal 4: Include EPC Handover Restriction List Container IE in X2AP: SGNB ADDITION REQUEST and SGNB MODIFICATION REQUEST messages.
3.3. Impacted scenarios besides DC, impacts to existing implementation
For Option 3, another issue mentioned in the offline discussion was:
Issue: Unnecessary impacts to non-DC deployment nodes, and mandate to change existing implementation
Option 3 impacts both DC related nodes/procedures and the source/old RAN node in mobility procedures. But for mobility case, mix-release deployment issue has already been solved by the 5GC MRL container, there is no reason to mandate the replace handing for non-DC deployment RAN nodes. 
In option 3 the “shall use …. to replace” mandates vendor to perform the replacement which may not supported in existing implementations, which is strongly not recommended.
Therefore, option 3 is acceptable only if it is updated for DC scenario only, and change the “shall” to “should” or “may”. 
4. Proposals
[bookmark: _Toc423020280]In this contribution, we further analyses the MRL in DC topic, got the following proposals:
To avoid providing wrong information from lower release Source/old NG-RAN node to higher release Target/new NG-RAN node, and from lower release MN to higher release SN, it is proposed to:
· Proposal 1: Change the last part of semantics description of the Rel-15 XnAP: RAT Restriction Information IE to “This version of the specification does not use bits 2-7.” 
· Proposal 2: Change the last part of semantics description of the Rel-16 XnAP: RAT Restriction Information IE to “This version of the specification does not use bits 3-7.” 
In order to provide full MRL Information instead of “downgraded” MRL information from MN to SN, it is proposed to:
· Proposal 3: Include the 5GC Mobility Restriction List Container IE in XnAP: S-NODE ADDITION REQUEST and S-NODE MODIFICATION REQUEST messages.
· Proposal 4: Include EPC Handover Restriction List Container IE in X2AP:SGNB ADDITION REQUEST and SGNB MODIFICATION REQUEST messages.
To support proposal 1 and 2, it is proposed to agree the Rel-15 and Rel-16 XnAP CRs [13] [14].
To support proposal 3, it is proposed to agree the Rel-15 and Rel-16 XnAP CRs [15] [16].
To support proposal 4, it is proposed to agree the Rel-15 and Rel-16 X2AP CRs [17] [18].
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