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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]In RAN2#116-e meeting, various agreements on slice-based cell reselection [1]were made. Regarding the granularity of the slice group mentioned by LS [2]:
	· 3: Working assumption: The granularities of the slice groups for cell reselection are per TA. FFS on the details (e.g. how to resolve TA boundaries).


In this document, we analyze the issues related to the slice groups at TA boundaries and potential solutions are provided.
Discussion
2.1 Issue description
For slice-based cell reselection, slice group can be used to notify slice priority on different frequencies. Since it is assumed that the granularities of the slice groups for cell reselection are per TA, it is natural that the slice group definition can be different between different TAs. This is illustrated in Figure 1. In Figure 1, the UE gets acknowledge of the slice group definition of Cell 0 by NAS. But it may be not aware of the slice group definition of Cell 1 if no further information is notified to the UE. Then, the UE can’t perform slice group based cell reselection at TA boundary. Furthermore, even the slice group mapping 1 is obtained by the UE, the cell reselection procedure needs to be refined due to the reason that the slice group definition is different from the adjacent TAs. 
In summary, we can observe that:
Observation 1: At TA boundaries, there are the following potential issues:
· How the UE obtains the slice group definition of the adjacent TAs;
· What the UE behavior when the slice group definition of different TAs is different.
In the following sections, we analyze the two issues.


Figure 1: Illustration of the issues on slice group of TA boundaries
2.2 How to aquire slice group definiation of different TA
In this section, we discuss how the UE acquires the slice group definition in different TAs. In SA2, solutions mainly concentrate on PLMN granularities slice group [3]-[5]. Since we have made assumption that the granularities of the slice groups for cell reselection are per TA, two approaches provided below focus on the cases slice groups are configured based TA granularities.
Approach 1: The UE obtains the slice group definition of the adjacent TAs via RA registration procedure.
According to the current specification, when Mobility Registration Update happens, i.e. the UE moves to a new Tracking Area (TA) outside the UE's Registration Area in both CM-CONNECTED and CM-IDLE state, the UE will perform RA registration [6]. During RA registration procedure, the AMF can send Registration Accept to the UE to configure slice related information. So the slice group definition of the RA can be sent to the UE during RA registration procedure. The detail procedure is shown in Figure 2. 
In this approach, if the Slice group which is TA granularity is provided for S-NSSAI(s) in the Configured NSSAI which is PLMN granularity, the Registration Accept message will be extremely huge. To reduce the signaling cost, an alternative is to provide the slice group for S-NSSAI(s) in the Allowed NSSAI.  However, in the alternative, when the UE moves out the RA, it can’t obtain the slice group definition of the neighbor cell belong to the new TA out of the original RA until it receives Registration Accept message in the update RA. This drawback is still needed to be considered. This approach impacts SA2. Hence, it is proposed that:



Figure 2: Slice group definition of the neighbor cell is transferred to the UE by NAS
Approach 2: Slice group definition is transferred by serving gNB.
Slice information of the neighbor cell can be transferred to the serving cell via Xn interface, e.g. Xn Setup procedure or NG-RAN node Configuration Update procedure. Therefore, the serving gNB is aware which slice is supported by the neighbor cell. Then, the serving gNB maps the slices supported by the neighbor cell into the slice group which is defined in the serving cell. Then, the serving gNB can send the slice groups supported by neighbor gNB. One example is illustrated in Figure 3. GNB0 obtains the slices supported information of GNB1 by Xn signaling. And gNB0 also knows the slice group definition of current TA. Then, the slice supported by gNB1 can be translated into the slice group definition of gNB0. For example, since Slice 0, 1, 2, 3 and 4 are supported in gNB1. And based on the Slice group definition in gNB0 as below table, it can be deduced that Slice Group0 and 1 are supported by gNB1.






Figure 3: Example of slice group definition is translated by serving gNB
Table 1: Example of Slice group mapping
	Slice group ID#
	Slice ID#

	Slice group 0
	Slice 0, 1, 2

	Slice group 1
	Slice 3, 4

	Slice group 2
	Slice 5, 6



In this Approach, no specification impacts will be introduced. It also can be applied to the case that the UE moves to the adjacent of the RA. But if the priority of the slice group on the frequency is different, this may bring cell reselection issues, e.g. pingpong cell reselection. Another issue is that the serving gNB only supports partial of the slices of the neighbor cell. In this case, the slices of the neighbor gNB can’t be mapped to the serving gNB. One of the solutions is that the one slice is mapped to only one slice group.
[bookmark: _Toc92372158]Proposal 1: RAN2 can study the following two approaches:
Approach 1: The UE obtains the slice group definition of the adjacent TAs via RA registration procedure.
Approach 2: Slice group definition is transferred by serving gNB.
[bookmark: _Toc92372159]Proposal 2: If Approach 1 is selected, we can send LS to SA2 to check the feasibility.
2.3 UE behavior with different slice group definition
It may happen that the slice group definition is different between different TAs. For instance which is shown in Figure 4, the same slice group, e.g. Slice Group 1 is defined separately in Cell0 and Cell1. Wherein, Cell0 and Cell1 are in different TAs. And the Slice group 1 in TA0 is mapped to Slice 1 and Slice 2 while in TA1, Slice group 1 is mapped to Slice 2 and Slice 3.
	Slice group definition in TA0
	Slice group definition in TA1

	Slice group 1<-->Slice 1, 2
	Slice group 1<--> Slice 2, 3


Even the UE is acknowledged of the slice group definition, the slice group definition of the neighbor cell is different from the serving cell, the UE needs to take the slice priority on frequency of different TA into consideration.


Figure 4: Different slice group definition in different TAs
Case 1: The UE intended slice mapped to slice groups in different TAs has the same priority.
In this case, the slice group definition is different in different TAs. But the priority of slice group on the same frequency is the same for different TAs. 
For example, as illustrated in Figure 4, the intended slice of the UE is slice 3 which is mapped to slice group 2 in TA0 and mapped to slice group 1 in TA1 respectively. And the priority of the Slice group 1 and Slice group 2 on the same frequency is the same. But this has no impacts to the whole cell reselection procedure since the slice group priority in different TAs is the same.
Case 2: The UE intended slice mapped to slice groups in different TAs has the different priorities.
In this case, the slice group priority on the same frequency is different in different TAs. For example, as shown in Figure 4, Slice 3 is mapped to slice group 2 in TA0 and mapped to slice group 1 in TA1. And, the priority of slice group 2 in TA0 is 3. While, the priority of the slice group 1 in TA1 is 4. In this case, there may be multiple values for the slice which is mapped to different slice groups on the same frequency. This brings great complexity to the cell reselection algorithm. Another issue is the UE needs to know whether the neighbor cell is in different TA. According to the current specification the UE knows the TAC of neighbor cell only after reading SIB1. For cell reselection, this procedure is time consuming. So we can see that:
[bookmark: _Toc92809906]Observation 2: Even the UE knows the TAC of the neighbour cell, multiple priorities for the same slice brings huge complexity to the cell reselection algorithm. 
[bookmark: _Toc92809907]Observation 3: It is time consuming to acquire the TAC information of the neighbour cell.
In order to accelerate the WI progress, we suggest:
[bookmark: _Toc92372160]Proposal 3: It is up to the network implementation to guarantee that the slice group which is mapped to the same slice has the same priority on the same frequency.
3 Conclusion
In this document, we analyse the issues for slice based cell reselection on TA boundaries, and we find the following observations and we provide our proposals:
Observation 1: At TA boundaries, there are the following potential issues:
· How the UE obtains the slice group definition of the adjacent TAs;
· What the UE behavior when the slice group definition of different TAs is different.
Proposal 1: RAN2 can study the following two approaches:
Approach 1: The UE obtains the slice group definition of the adjacent TAs via RA registration procedure.
Approach 2: Slice group definition is transferred by serving gNB.
Proposal 2: If Approach 1 is selected, we can send LS to SA2 to check the feasibility.
Observation 2: even the UE knows the TAC of the neighbour cell, multiple priorities for the same slice brings huge complexity to the cell reselection algorithm. 
Observation 3: It is time consuming to acquire the TAC information of the neighbour cell.
Proposal 3: It is up to the network implementation to guarantee that the slice group which is mapped to the same slice has the same priority on the same frequency.
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