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1. Introduction
RAN3 initially received an LS from RAN2 [1] regarding “coordination between gNBs on the supporting of RedCap UEs”. After discussion at RAN3#113-e, RAN3 replied with an LS [2], and during that meeting the various possible scenarios and solutions were also analysed. This document further considers the related issues, proposes to adopt a solution based on the exchange of indicators related to current SIB content, and provides a stage 3 text proposal.
As a general note, some assumptions are made regarding what RAN2 is able to answer, and some considerations may need to be adjusted depending on such answer.

2. Xn mobility handling for RedCap UEs
Scenarios

The main content of the original LS text is reproduced below:

[image: image1]
The related action is to “consider enhancements to enable the coordination between gNBs on whether a neighbour/target gNB supports RedCap UEs, if needed, to avoid handover RedCap UE to a target cell that it can’t access”.

Expanding on the above we see that several RedCap access scenarios are possible, in terms of the target of mobility:

A. 
Pre-rel17 target

B. 
Rel-17 target which does not support RedCap access

C. 
Rel-17 target which supports RedCap access, but temporarily bars these (with subcases, e.g. either 1 RX and/or 2 Rx)

D. 
Rel-17 target which supports RedCap access and is not barring these

From our understanding of the RAN2 discussion, the SIB design for idle mobility will support all of these scenarios by having a specific RedCap SIB field enabling the RedCap UE to identify scenarios C and D by its presence. Such field may include specific barring indications, enabling further the RedCap UE to identify the scenario C (and its sub-scenarios), and behave accordingly.
Observation 1: From UE access point of view, it is expected that RAN2 will address all scenarios based on SIB design.
At this point, we should also note that while scenarios A and B are fully static, and would only change during an upgrade, it is obvious that barring does not need to be static and hence a gNB may move between scenarios C and D. 

Observation 2: Support of RedCap may be assumed to be static, however barring can be seen as semi-static.
Finally, the requirements for handover are similar to those for access, although it is for discussion in scenarios A/B/C whether handover should not be initiated or rejected. 

Observation 3: For handover, the scenarios are similar to those for access, and solutions can be considered based on those scenarios.
Possible solutions for Xn Mobility Handling

During RAN3#113-e, various solutions were presented which eventually appeared to coalesce around two main families, which we will call solution 1 and solution 2. It is hard to describe solution 1 with full certainty because there are multiple versions, which are collectively defined by “no support for exchange of configuration data”. Below we try to summarize how it could work for the above scenarios.

Solution 1: 

· Relies on rejection due to non-compatible capabilities for legacy nodes, using some legacy cause (scenario A, maybe B)

· Alternatively OAM settings might be used for such neighbours

· Relies on rejection using “appropriate” cause values (scenario C, and maybe B)

Solution 2:

· Relies on echoing presence of SIB content in the configuration exchanges for the cell (all scenarios, subject to RAN2 SIB details)

Assessment of solutions

Solution 1 is a combination of different processes for the different scenarios, potentially also including OAM. This is a result of the fact that no single process of this type works for all scenarios.

For scenario A (and possibly B), it seems that the rejection approach would not really work, because a legacy node, by definition, does not know what RedCap is, and therefore is not in a position to signal correctly to the source that the problem is the lack of support for RedCap. Instead the rejection may come with a cryptic implementation-dependent cause (such as “Handover Target not Allowed” or more likely, “Unspecified”). Of course the source may start suspecting something if N handovers involving RedCap UEs are rejected with the same cause, but this is clearly a very bad way to detect lack of support.
There is a possible work-around, by sending a redundant RedCap indicator IE in the Xn HANDOVER REQUEST message, with criticality of “reject”. Of course by doing this we are effectively creating signalling in order to detect the target’s support of the feature, which is something that Solution 1 was trying to avoid. 

Then for scenario C (with its sub-scenarios), and possibly also scenario B, it would be in principle possible to define a number of new cause values such as:
· RedCap Not Supported

· RedCap Temporarily Barred

· RedCap (1RX) Temporarily Barred

· RedCap (2 RX) Temporarily Barred

The details may be slightly different, but the general idea should be similar, i.e., multiple causes would be needed. The next aspect is of course that all temporary causes oblige the source to try again “sometime later”. This is clearly a very inefficient way to handle such scenarios.
An alternative might be to use OAM (neighbour cell configuration), but this is clearly unsatisfactory as the configuration may take some time to propagate, which may even be longer than the actual time that barring is in operation.

Solution 2 would simply reflect the SIB contents, as part of the cell configuration over Xn. This would work exactly as for UE access control i.e.
· Absence of the IE means no support (legacy, or acting as legacy)

· Presence of the IE means support, but could additionally have sub-IEs indicating barring e.g. 1Rx UEs

Solution 2 seems to work well “out of the box” for all scenarios, and the only issue is the need for the node to perform configuration updates at the time of barring; however it is not expected that such events would be very frequent and hence the rate of signalling required should not cause problems. 

Solution 2 has the significant advantage that it supports all scenarios in the same package, without any need for multiple new cause values, multiple trial-and-error attempts, redundant IEs, or dependency on OAM configuration propagation times.

Overall, solution 2 seems clearly superior to any variant of solution 1 if all scenarios are considered.

Observation 4: If all scenarios are considered, solution 2 seems clearly superior to any variant of solution 1.

However, some companies felt that approaches in the space of solution 1 are more in line with legacy approaches in RAN3 signalling. For example, it is argued that node capabilities are not exchanged as part of configuration, so solution 2 somehow breaks existing principles. But examination of the detail shows that this is not a correct view. For example:
· While “capabilities” or feature support are in principle not exchanged, cell SIB content is regularly provided. Of course cell SIB content is somehow related to feature support, but it is not a capability of the node.
· There are many examples including most of the contents of SIB1 (in rel-16 one such example is the NPN Broadcast Information IE, which nobody argued to be an exchange of capabilities)
· Cell configuration and node feature support are two different things. From the point of view of solution 2 signalling, absence of the IE means that the cell is not available for RedCap access; whether the specific gNB in general is able to support or not RedCap is a separate issue, and out of scope of this signalling.

· RAN3 has in the past also added SIB IEs that have some similarity to this discussion; a good example is for eMTC (in E-UTRAN) where the Bandwidth Reduced SI IE, indicates that the SystemInformationBlockType1-BR is scheduled in the cell (meaning the cell is available as a target for eMTC UEs). Note that we have never defined handover rejection causes specific for eMTC.
Taking the above into account, it seems that there is no fundamental reason why solution 2 cannot be adopted, since it addresses all scenarios and does not break any fundamental principle as long as it is implemented in an appropriate and consistent way (i.e. similar to how other SI related IEs have been coded and defined in TS 38.423).
Observation 5: Solution 2 is fully consistent with previous work in RAN3 and breaks no principles. On the contrary, some aspects of solution 1 deviate from what has been done before (e.g. for eMTC).

A text proposal is provided in this document in order to illustrate how the approach could work. Details are however dependent on SI design by RAN2.

Proposal 1: Agree to take forward solution 2 and adopt (or otherwise modify if necessary) the text proposal in this document as the baseline for this issue.
3. Conclusions

This contribution has examined the issues raised by the received RAN2 LS on “coordination between gNBs on the supporting of RedCap UEs” [1], and developed further the analysis of solutions based on the discussion at RAN3#113-e. While an LS reply from RAN2 is outstanding, and some observations require confirmation based on this reply, it is possible to develop the following observations:
Observation 1: From UE access point of view, it is expected that RAN2 will address all scenarios based on SIB design.

Observation 2: Support of RedCap may be assumed to be static, however barring can be seen as semi-static.

Observation 3: For handover, the scenarios are similar to those for access, and solutions can be considered based on those scenarios.
Observation 4: If all scenarios are considered, solution 2 seems clearly superior to any variant of solution 1.

Observation 5: Solution 2 is fully consistent with previous work in RAN3 and breaks no principles. On the contrary, some aspects of solution 1 deviate from what has been done before (e.g. for eMTC).

Therefore, the following is proposed:

Proposal 1: Agree to take forward solution 2 and adopt (or otherwise modify if necessary) the text proposal in this document as the baseline for this issue.
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5. Text Proposal

Below provides an example of the changes in TS 38.423 for option 2 and could form the basis of a TP/CR as required. Details are dependent on RAN2.
Start of changes
8.4.1.2
Successful Operation
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Figure 8.4.1.2: Xn Setup, successful operation
The NG-RAN node1 initiates the procedure by sending the XN SETUP REQUEST message to the candidate NG-RAN node2. The candidate NG-RAN node2 replies with the XN SETUP RESPONSE message.

Skip unchanged text
The XN SETUP REQUEST message may contain for each cell served by NG-RAN node1 NPN related broadcast information. The XN SETUP RESPONSE message may contain for each cell served by NG-RAN node2 NPN related broadcast information.
If the SFN Offset IE is included in the XN SETUP REQUEST or XN SETUP RESPONSE message, the receiving NG-RAN node shall, if supported, use this information to deduce the SFN0 time offset of the reported cell. The receiving NG-RAN node shall consider the received SFN Offset IE content valid until reception of an update of the IE for the same cell(s).
If the RedCap Broadcast Information IE is included in the Served Cell Information NR IE in the XN SETUP REQUEST or XN SETUP RESPONSE message, the NG-RAN node may use this information to determine a suitable target in case of subsequent outgoing mobility involving RedCap UEs.
NEXT CHANGE
8.4.2.2
Successful Operation
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Figure 8.4.2.2-1: NG-RAN node Configuration Update, successful operation
The NG-RAN node1 initiates the procedure by sending the NG-RAN NODE CONFIGURATION UPDATE message to a peer NG-RAN node2.

Skip unchanged text
Update of Served Cell Information NR:

-
If Served Cells NR To Add IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall add cell information according to the information in the Served Cell Information NR IE.

-
If Served Cells NR To Modify IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall modify information of cell indicated by Old NR-CGI IE according to the information in the Served Cell Information NR IE.

-
When either served cell information or neighbour information of an existing served cell in NG-RAN node1 need to be updated, the whole list of neighbouring cells, if any, shall be contained in the Neighbour Information NR IE. The NG-RAN node2 shall overwrite the served cell information and the whole list of neighbour cell information for the affected served cell.

-
If the Deactivation Indication IE is contained in the Served Cells NR To Modify IE, it indicates that the concerned cell was switched off to lower energy consumption.

-
If Served Cells NR To Delete IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall delete information of cell indicated by Old NR-CGI IE.

-
If the Intended TDD DL-UL Configuration NR IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, the NG-RAN node2 should take this information into account for cross-link interference management and/or NR-DC power coordination with the NG-RAN node1. The NG-RAN node2 shall consider the received Intended TDD DL-UL Configuration NR IE content valid until reception of a new update of the IE for the same NG-RAN node2.
-
If the NR Cell PRACH Configuration IE is contained in the Served Cell Information NR IE in the NG-RAN NODE CONFIGURATION UPDATE message, the NG-RAN node receiving the IE may use this information for RACH optimisation.
- 
If the SFN Offset IE is contained in the Served Cell Information NR IE in the NG-RAN NODE CONFIGURATION UPDATE message, the NG-RAN node receiving the IE shall, if supported, use this information to update the SFN0 time offset of the reported cell.
-
If the RedCap Broadcast Information IE is contained in the Served Cell Information NR IE in the NG-RAN NODE CONFIGURATION UPDATE message, the NG-RAN node may use this information to determine a suitable target in case of subsequent outgoing mobility involving RedCap UEs.
NEXT CHANGE
9.2.2.11
Served Cell Information NR

This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	

	NR CGI
	M
	
	9.2.2.7
	
	–
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code
	–
	

	RANAC
	O
	
	RAN Area Code

9.2.2.6
	
	–
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs in SIB1 associated to the NR Cell Identity in the NR CGI IE.
	–
	

	>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	CHOICE NR-Mode-Info
	M
	
	
	
	–
	

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	

	>>>UL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	
	–
	

	>>>DL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	
	–
	

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	
	–
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	
	–
	

	>>>UL Carrier List 
	O
	
	NR Carrier List
9.2.2.63
	If included, the UL Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	>>>DL Carrier List
	O
	
	NR Carrier List
9.2.2.63
	If included, the DL Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	>TDD
	
	
	
	
	
	

	>>TDD Info
	
	1
	
	
	–
	

	>>>Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	
	–
	

	>>>Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	
	–
	

	>>>Intended TDD DL-UL Configuration NR
	O
	
	9.2.2.40
	
	YES
	ignore

	>>>TDD UL-DL Configuration Common NR 
	O
	
	OCTET STRING
	The tdd-UL-DL-ConfigurationCommon as defined in TS 38.331 [10]
	YES
	ignore

	>>>Carrier List 
	O
	
	NR Carrier List
9.2.2.63
	If included, the Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration inter-node message for the served cell, as defined in TS 38.331 [10].
	–
	

	Connectivity Support
	M
	
	9.2.2.28
	
	–
	

	Broadcast PLMN Identity Info List NR
	
	0..<maxnoofBPLMNs>
	
	This IE corresponds to the PLMN-IdentityInfoList IE and the NPN-IdentityInfoList IE (if available) in SIB1 as specified in TS 38.331 [8]. All PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE and NPN identities and associated information contained in the NPN-IdentityInfoList IE (if available) are included and provided in the same order as broadcast in SIB1.
NOTE: In case of NPN-only cell, the PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE are not included.
	YES
	ignore

	>Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs in SIB1 associated to the NR Cell Identity IE.
	–
	

	>>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	>TAC
	M
	
	9.2.2.5
	
	–
	

	>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	
	–
	

	>RANAC
	O
	
	RAN Area Code

9.2.2.6
	
	–
	

	>Configured TAC Indication
	O
	
	9.2.2.39a
	NOTE: This IE is associated with the TAC in the Broadcast PLMN Identity Info List NR IE
	YES
	ignore

	>NPN Broadcast Information
	O
	
	9.2.2.71
	If this IE is included the content of the Broadcast PLMNs IE in the Broadcast PLMN Identity Info List NR IE is ignored.
	YES
	reject

	Configured TAC Indication
	O
	
	9.2.2.39a
	NOTE: This IE is associated with the TAC on top-level of the Served Cell Information NR IE
	YES
	ignore

	NPN Broadcast Information
	O
	
	9.2.2.71
	If this IE is included the content of the Broadcast PLMNs IE in the top Served Cell Information NR IE is ignored.
	YES
	reject

	SSB Positions In Burst
	O
	
	9.2.2.64
	
	YES
	ignore

	NR Cell PRACH Configuration
	O
	
	OCTET STRING
	Containing 9.3.1.139 NR Cell PRACH Configuration as of TS 38.473 [41].
	YES
	ignore

	CSI-RS Transmission Indication
	O
	
	ENUMERATED (activated, deactivated, ...)
	This IE indicates the CSI-RS transmission status of the given cell.
	YES
	ignore

	SFN Offset
	O
	
	9.2.2.75
	
	YES
	Ignore

	RedCap Broadcast Information
	
	
	9.2.2.X
	If present, this IE indicates that the nametobeassignedbyRAN2 is broadcast in SIB1, see TS 38.331 [10].
	YES
	ignore


NEXT CHANGE
9.2.2.X
RedCap Broadcast Information
This IE contains RedCap related information of a NR cell, as broadcast in SIB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	1-RX Access Barred
	O
	
	ENUMERATED (not-broadcast, broadcast, ...)
	This IE indicates whether

1-RX-access-barred-nameFFS is broadcast in SIB 1 (see TS 38.331 [10])

	2-RX Access Barred
	O
	
	ENUMERATED (not-broadcast, broadcast, ...)
	This IE indicates whether

1-RX-access-barred-nameFFS is broadcast in SIB 1 (see TS 38.331 [10])


RAN2 have discussed access restriction for RedCap UEs. RAN2 have agreed that network can indicate cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs in SIB1. In addition, from RAN2’s perspective, it is necessary to avoid to handover a RedCap UE to a neighbour/target cell that it can’t access (e.g. not supporting RedCap), through coordination between gNBs on whether a neighbour/target gNB supports RedCap UEs, if needed.
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