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1. Introduction
The issue of NW Slice availability was discussed in NR-SID phase and several potential approaches for mobility handling were studied which are copied below.
	Possible solutions for how slice availability may be handled during mobility may be discussed in the normative phase e.g.: 
-
Neighbours may exchange slice availability on the interface connecting two nodes, e.g. Xn interface between gNBs.
-
The core network could provide the RAN a mobility restriction list. This list may include those TAs which support or do not support the slices for the UE.
-
The slices supported at the source node may be mapped, if possible, to other slices at target node. Examples of possible mapping mechanisms that can be studied in normative phase are:

-
Mapping by the CN, when there is naturally a signalling interaction between RAN and CN and performance is thus not impacted;
-
Mapping by the RAN as action following prior negotiation with the CN during UE connection setup;
-
Mapping by the RAN autonomously, when involving the CN would not be a practical solution and if prior configuration of mapping policies took place at RAN;


This contribution aims to provide more detailed analysis of these approaches and offers our views.
2. Discussion
Based on current TR38.801, there are three approaches to be considered for slice availability handling during mobility.
Approach 1: neighbours gNBs may exchange slice availability on the interface connecting two nodes, e.g. Xn interface between gNBs.
Approach 2: core network could provide the RAN a mobility restriction list. This list may include those TAs which support or do not support the slices for the UE.
Approach 3: slices supported at the source node may be mapped, if possible, to other slices at target node.
With different assumptions, those three approaches can be further split into two categories. Category 1 includes approach 1 and approach 3 above, aiming to solve the scenario that the Slice configuration in the source cell is different from that in the target cell, so the slice co-ordination and/or remapping between different slices is necessary for g(e)NBs. Category 2 includes approach 2, aiming to solve the scenario that Slice configuration in the source cell is the same as that in the target cell, so no slice co-ordination or remapping inbetween is needed at all.
Category 2 has very limited use case under very strict Slice-deployment conditions, and it has much less impact on NG-RAN; In contrast, Category 1 is more flexible, and can solve more use cases with diversified Slice-deployment conditions, but it has more impacts on NG-RAN. Therefore we shall analyze more on Category 1, and to see how it works.
2.1. Category 1(Approach 1 and Approach 3)
2.1.1. Handover cases for category 1

Case 1: Target gNB is able to support all Slice(s) which UE is associated in the source gNB.
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Figure 1: Network slice related handover case 1 
As shown in Figure 1, assuming one UE is associated to the slice x and slice y in the source gNB and is handover to the target gNB. The target gNB also has the slice x and Slice y and has enough RAN resources to accept the UE. When receiving the handover request message with Slice ID(s) Info from source gNB, target gNB selects appropriate RAN part of Network slice based on the slice ID(s) contained in the handover request message from source gNB.

Case 2: Target gNB is not able to support all Slice(s) which UE is associated in the source gNB.


[image: image2.emf]SourcegNB

Slice x

Slice y

Target gNB

Slice x

Slice z


Figure 2: Network slice related handover case 2 
As shown in figure 2, a UE in the source gNB is associated to slice x and slice y, however the target gNB only supports slice x and slice z. How does target gNB select network slice for slice y which UE has already accessed in source gNB? 

Case 3: Inter-system HO (between 5G-CN and EPC)
It has been agreed in SA2 that the mobility between NGC and DCN in EPS should be supported. The agreements in 23.799 are captured below:

	7.
It shall be possible to handover a UE from a slice in NGC to a DCN in EPC. There is not necessarily a one-to-one mapping between slice and DCN.

Editor's note:
Interworking slicing with EPS is FFS in normative phase


That means UE may handover from a sliced NGC to a DCN or vice versa, but it is not clear how to select appropriate RAN part of Network slice in this case.

As shown in the figure 3, a UE associating to DCN X of EPC handovers to the NGC which supports network slice. During the handover preparation process, there is no slice ID information provided by the UE or the source eNB. How does target gNB select appropriate RAN part of Network slice in this scenario?
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Figure 3: Network slice related handover case 3
2.1.2. Approach 3
To our understanding, approach 3 has close logic relation with approach 1, in terms of use case, and they have also some “solution level overlapping”, so they may be merged into one single approach.
Based on different mapping mechanisms as described above, we try to interpret them with more details one by one.
2.1.2.1 Approach 3.1

-
Mapping by the CN, when there is naturally a signalling interaction between RAN and CN and performance is thus not impacted;
In this sub-approach, before triggering handover, the source g(e)NB investigates whether the target gNB supports all the slice types which UE is associated with in source gNB. If not, then the NG handover is enforced, as 5G-CN has to perform the slice remapping.  The procedure is shown in the figure 4.
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Figure 4: NG handover
Taking handover case 2 above for example: Since the target gNB does not support slice y, the source gNBis not clear whether the Xn HO towards target gNB is allowed or not. Then source gNB had better trigger NG handover and sends handover required message to the Core entity. Then core entity selects the remapped slice and sends that Slice info  to the target gNB. For example, the core entity may remap slice y with slice z. 

Taking handover case 3 above as another example: The source eNB finds out the target gNB supports network slice that it does not support. Then source eNB shall trigger inter-system handover and sends handover required message to the EPC entity (i.e. MME). Then EPC and NGC negotiate and remap the appropriate slice ID for the UE. The selection details depend on the progress in SA2.  After NGC selects the right slice ID, it sends the new slice ID to the target gNB. Based on this slice ID, the gNB selects appropriate RAN part of Network slice for the UE.
2.1.2.2 Approach 3.2

 -
Mapping by the RAN as action following prior negotiation with the CN during UE connection setup;
In this sub-approach, before triggering handover, the source and target g(e)NB negotiate the common mapping rule with NG core respectively. The target g(e)NB selects the appropriate NW slice for the UE and the Xn based handover is enforced instead of NG HO, so in this case it is up to the target g(e)NB to perform the slice remapping .  The procedure is shown in the figure 5.
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Figure 5: Mapping rule exchange before Xn handover

2.1.2.3 Approach 3.3 
-
Mapping by the RAN autonomously, when involving the CN would not be a practical solution and if prior configuration of mapping policies took place at RAN;
In this sub-approach, before triggering handover, the source and target g(e)NB have been pre-configured with common mapping rule with e.g. OAM. The target g(e)NB selects the appropriate NW slice for the UE and the Xn based handover is enforced instead of NG HO, so in this case it is also up to the target g(e)NB to perform the slice remapping. The procedure is shown in the figure 6.
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Figure 6: Mapping rule pre-configured before Xn handover
2.1.3. Approach 1
-
Neighbours may exchange slice availability on the interface connecting two nodes, e.g. Xn interface between gNBs.
In this approach, since the source g (e) NB can acquire all the available slice info from neighbour g(e)NB via Xn common procedures, then it is possible that an appropriate target g(e)NB set is selected for the UE. This target g (e) NB is able to support all Slice(s) which UE is associated in the source g (e) NB, then a normal Xn handover can be trigged by source g (e) NB without further mapping. If the target g (e) NB is not able to support all Slice(s) which UE is associated in the source g (e) NB, then NG handover shall be triggered by source g (e) NB, and 5G-CN may perform Slice remapping accordingly. In the whole process, no mapping rule configuration from CN or OAM is needed for the source/target g (e) NB.
2.2. Category 2 (Approach 2)
As agreed by SA2, it is assumed in SA2 that the slice configuration doesn't change within the UE's registration areas. Based on this assumption, so the approach 2 is based on that RAN part of network slice is also continuous in the same registration area. UE can select desired NW slice in the cell within the same registration area. When inter registration area mobility takes place, a NAS procedure e.g. TA update may used for Core to select the right NW slice for the UE. There is no signaling impact on RAN side.
This approach is based on the SA2’s assumption; however the assumption may be just applicable to the Core part of the NW slice but not RAN part. NR system has multiple frequency and numerology and it is not practical to deploy the same NW slices on these cells. Secondly, RAN2 has also agreed NW slice should be applicable for LTE eNB connected to 5G-CN. And SA2 has agreed in [2] that the 5G system shall support allocating a TAI List over different 5G-RATs in a single TAI List. It means that LTE eNB and NR gNB may located in the same TA scope. Since LTE node hardly supports some service e.g. URLLC. Therefore the NW slice continuity in the registration area is not guaranteed. 
2.3.  Approach comparison
As discussed above, Approach 2 has very limited use case under strict Slice-deployment conditions; and Category 1is more flexible, and can solve more use cases. Since approach 1 requires slice information exchanged via non-UE associated Xn signaling between g (e) NBs before trigger HO then it is possible for source g (e) NB to trigger Xn based HO or NG based HO based on the slice availability situation of the two Nodes. With the benefit of remapping function in approach 3 and slice available information of approach 1, approach 1 and approach 3 can be further merged together. For example, source g (e) NB and target g (e) NB exchange slice availability information via non-UE associated Xn signaling before HO takes place. When HO decision is trigger, source g (e) NB investigates whether target g (e) NB is able to support all Slice(s) which UE is associated in the source g (e) NB. If the answer is yes, then a normal Xn based HO procedure is triggered towards target g (e) NB. If the answer is no, then a NG based HO procedure is triggered. Then it is the NG core entity(s) handles the remapping from slice (s) of source g (e) NB to slice (s) of target g (e) NB.
Proposal 1: Approach 1 and approach 3.1 can merge into one single approach, which can be the baseline solution for the UE mobility in various NW slice configuration scenario. The mechanism involves two basic steps.

Step 1: neighbour g (e) NBs exchange their slice availability information via non-UE associated Xn signalling.

Step 2: 

Source g (e) NB may trigger Xn based HO when target g (e) NB is able to support all Slice(s) which UE is associated in the source g (e) NB.

Source g (e) NB may trigger NG based HO when target g (e) NB is not able to support all Slice(s) which UE is associated in the source g (e) NB or source g (e) NB does not know the slice availability information of target g (e) NB. 5G-NG handles the remapping from slice (s) of source g (e) NB to slice (s) of target g (e) NB.
3. Conclusion
Based on above discussion, we propose:

Proposal 1: Approach 1 and approach 3.1 can merge into one single approach, which can be the baseline solution for the UE mobility in various NW slice configuration scenario. The mechanism involves two basic steps.

Step 1: neighbour g (e) NBs exchange their slice availability information via non-UE associated Xn signalling.

Step 2: 

Source g (e) NB may trigger Xn based HO when target g (e) NB is able to support all Slice(s) which UE is associated in the source g (e) NB.

Source g (e) NB may trigger NG based HO when target g (e) NB is not able to support all Slice(s) which UE is associated in the source g (e) NB or source g (e) NB does not know the slice availability information of target g (e) NB. 5G-NG handles the remapping from slice (s) of source g (e) NB to slice (s) of target g (e) NB.
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