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1 Background
In the previous meeting, we have the following progress.
	Previous in R3-206827, R3-206821 (noted)
Previous summary of offline disc. in R3-206967 (noted)
A standardized solution enabling an inter vendor interoperable way for an NG RAN node to deduce the identity of another NG RAN node from the received I-RNTI is needed
Agree on the benefits of a solution that allows at least some flexibility in the selection of the Local Node ID length; further details FFS
Previous summary of offline disc. in R3-211131 (noted)
The description in the informative Annex C of TS38.300 is not sufficient, and a fully standardized solution to minimize OAM configuration needs to be produced by RAN3
The solution shall support flexible assignment of the maximum number of Inactive UE contexts per NG-RAN node
The maximum number of Inactive UE Contexts may differ between NG-RAN nodes, and it may be changed after node deployment in a semi-static manner.
WA: a solution based on exchanges of Local gNB-ID over Xn should be pursued; Xn signaling impact should be limited
RAN3#113e:
WA: Down-selection will be based on the listed criteria above. Solution 3 might be considered as a potential enhancement in the next step.
To be continued...



In this paper, we continue to discuss this issue and give our proposals. 
2 Discussion
In order to support flexible assignment of the maximum number of Inactive UE contexts per NG-RAN node, the following four solutions are provided to support flexible I-RNTI partitioning:
Solution 1: Multiple Local gNB Identifiers per NG-RAN node, and Local gNB Identifiers are exchanged between gNBs[1]
In this solution, the length of local gNB identifier is fixed to a large value enough to avoid local gNB identity conflict, and the flexible number of UE identifiers per gNB is realized by flexible number of local gNB identifiers per gNB. E.g. for the I-RNTI of 40 bits, if the length of local gNB identifier is fixed to 30 bits, then 10 bits can be used to identify the UE context(at most 1024 UEs). 
In this solution, the local gNB identifier should be exchanged between gNBs. If more than 1024 UEs in RRC_INACTIVE state exists in the gNB, multiple local gNB identifiers should be configured for the gNB. That means: the exchanged local gNB identifier between gNBs is a local gNB identifiers list, and each element of the list has 30 bits, the signalling consumption between gNBs will be large.
Furthermore, with the number of UEs in RRC_INACTIVE state changes in the gNB, the local gNB identifiers for the gNB may also change, which may trigger the local gNB identifier update frequently and cause large amount of Xn signalling.
Observation 1: Solution 1(e.g. Multiple Local gNB Identifiers per NG-RAN node) may lead huge Xn signalling consumption.
In RAN3#112-e meeting, there is a WA that Xn signaling impact should be limited.
Solution 2: One Local gNB Identifier per NG-RAN node, Local gNB Identifiers are exchanged between gNBs and the length of NG-RAN Node ID part in I-RNTI is self-contained in the I-RNTI[1][2].
In this solution, the length of local gNB identifier and the length of UE context identifier are flexible, a fixed number of bits in I-RNTI is assigned to indicate the length of (short) NG-RAN Node ID, e.g., calling it I-RNTI structure indication. When a gNB receives the resume request, it will firstly resolve these bits to acquire the length of (short) NG-RAN Node ID. Based on this exact length of (short) NG-RAN Node ID, the gNB can determine the true structure of this I-RNTI and uniquely determine (short) NG-RAN Node ID.
Such self-contained scheme has impact on the original structure/length of I-RNTI that will result in a reduction of the number of NG-RAN Node ID and UE context ID that can be indicated. In order to alleviate such impact, it’ll be better to assign as less bits as possible, e.g., 2 bits as full I-RNTI structure indication, and 1bit as short I-RNTI structure indication. That means at most 4 of I-RNTI structures can be indicated for full I-RNTI structure indication, and at most 2 of I-RNTI structures can be indicated for short I-RNTI structure. The specification can assign 4 most likely lengths that have a reasonable distribution for full I-RNTI structure indication and 2 most likely lengths that have a reasonable distribution for short I-RNTI structure indication. Even in the future a vendor may have some different thinking about the length, they can still find the closest value to use. An example coding for such 2-bits I-RNTI structure bits might be as following:
Table 1
	Coding of 2bits for full I-RNTI structure indication
	The indicated length of NG-RAN node ID
	The indicated length of UE context ID

	00
	12 bits
	26 bits

	01
	15 bits
	23 bits

	10
	18 bits
	20 bits

	11
	21 bits
	17 bits

	Note
	The indicated length 
= 12+3*value of the 2bits
	The indicated length
= 40-2 -(12+3*value of the 2bits) 



The above example is for fullI-RNTI structure. For shortI-RNTI, it can have further less bits for I-RNTI structure indication, e.g., 1 bits. 
With this solution, the local gNB identifier should also be exchanged between gNBs. But since once gNB has only one local gNB identifier, the local gNB identifier need not be updated frequently.
Observation 2: Solution 2 has limited X2 signalling impacts, and can deal with the issue perfectly.
Solution 3: One Local gNB Identifier with undefined length per NG-RAN node 
This solution is summarized and presented in [3].
· The Local gNB Identifier is assigned corresponding to the first leftmost bits of I-RNTI values which it allocates. 
· The NG-RAN node selects a Local gNB ID which not used by any MSB of a neighbour NG-RAN node or a neighbour of neighbour NG-RAN Node. 
· The Local gNB Identifiers and global gNB Identifiers are exchanged between NG-RAN nodes.
But with this solution,  the length value of Local NG-RAN node ID(e.g. the number of MSB) is not specified and depends on OAM, which may lead Local NG-RAN node ID conflict between different operators and should be avoided. So, this solution is only a first part of solution 2 and is not a complete one.
Observation 3: The solution 3 is only a first part of solution 2 and is not a complete one.
Here we give an example for further explanation. There are three gNBs. For each gNB, based on the Solution 1, it can know the I-RNTI info about itself and about all the neighboring gNBs, as in the following Table 1: 
Table 1
	
	gNB_A
	gNB_B
	gNB_C

	Local NG-RAN Node ID Length
	12
	11
	10

	Local NG-RAN Node ID
	110100001110
	11010000111
	1101000011


As mentioned in the following Figure 1, the UE has suspended in the gNB_A and been assigned a real fullI_RNTI. Later the UE moves to gNB_C and triggers RRC connection resumption. When gNB_C receives the fullI_RNTI, as it cannot know the exact length of Local NG-RAN Node ID in this fullI_RNTI, it will try all the possible structures and unfortunately, all the gNBs can be matched! 


Figure 1: I-RNTI interpretation in gNB_C
Two possible implementations can be as following:
· Since gNB_C starts with trying its own I-RNTI structure and can match the extracted Local NG-RAN Node ID with it’s own gNB ID, gNB_C can determine it’s the old gNB and try to find UE context ID. As the interpreted UE context ID would be large, it’s highly possible that gNB_C cannot find this UE context ID in itself. The gNB_C may directly announce resume failure/fallback to the UE (same as the resume failure for UE suspend and resume in same gNB). 
· The other (better) gNB_C implementation could be to further assume both gNB_A and gNB_B are possible old gNBs and send retrieve UE context response to them. But as both gNB_A and gNB_B would assume the UE context ID is 4 (a small value) and it’s highly possible both of them have assigned such UE context ID, both gNB_A and gNB_B would feedback retrieve UE context response carrying UE context what they think is the correct. The gNB_C may not be able to identify which one is correct and usable.
We think either of these two implementations is undesired for Solution 1. One of the main reasons for such undesired results is that some bits (the most significant bits with orange colour) of Local NG-RAN Node ID in I-RNTI for all these gNBs are same. The other reason is that some bits (the bits in the green frame) are wrongly interpreted as the all the gNBs have no idea of the Local NG-RAN Node ID length in the real I-RNTI. 
Observation 3a: Solution 3 still involves multiple OAM, which may lead Local NG-RAN node ID conflict between different operators, and the ambiguity issue for match NG-RAN Node/UE context still exists. 
Solution 4: Up to 6 Local NG-RAN node identifiers per NG-RAN node [4].
This solution is an optimization of solution 2. e.g. when the local NG-RAN node identifier changes, but there is still some RRC_INACTIVE UE uses the old local NG-RAN node identifier, the gNB can allocate a new local NG-RAN node identifier for new RRC_INACTIVE UE, and delete the old local NG-RAN node identifier until there is not UEs using it.
With this solution, the local NG-RAN node identifier can be smoothly changed without affect the RRC_INACTIVE UE behaviour in the gNB. But this solution depends on whether or how frequently the local NG-RAN node identifier will be changed. Since this solution is an optimization of solution 2, it can be discussed until there is some conclusion on solution 2.
Observation 4: Solution 4 is an optimization of solution 2.
Proposal 1: Solution 2 is used for the flexible I-RNTI partitioning.
Proposal 1a: Exchanging on the local node identifier via Xn.
Proposal 1b: The length of local node identifier is self-contained in the I-RNTI.
Proposal 1c: The length value of Local NG-RAN node ID is specified.
Proposal 2: Whether solution 2 is necessary is FFS.
Based on the proposal and [5] [6], we provide the draft 38.423 CR[7] and draft 38.300 CR[8].

3 [bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following proposals:
Observation 1: Solution 1(e.g. Multiple Local gNB Identifiers per NG-RAN node) may lead huge Xn signalling consumption.
Observation 2: Solution 2 has limited X2 signalling impacts, and can deal with the issue perfectly..
Observation 3: Solution 3 is only a first part of solution 2 and is not a complete one.
Observation 3a: Solution 3 still involves multiple OAM, which may lead Local NG-RAN node ID conflict between different operators, and the ambiguity issue for match NG-RAN Node/UE context still exists.
Observation 4: Solution 4 is an optimization of solution 2.
Proposal 1: Solution 2 is used for the flexible I-RNTI partitioning.
Proposal 1a: Exchanging on the local node identifier via Xn.
Proposal 1b: The length of local node identifier is self-contained in the I-RNTI.
Proposal 1c: The length value of Local NG-RAN node ID is specified.
Proposal 2: Whether solution 4 is necessary is FFS.
Based on the proposal and [5] [6], we provide the draft 38.423 CR[7] and draft 38.300 CR[8].
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