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1	Introduction
[bookmark: _Ref178064866]The description of Slice Aware Cell re-selection in 38.304 is in parts hard to understand, and it also contains some contradicting text. 
In this contribution we propose simplifications and clarifications to the text so that the functionality should be consistent and well described. 
We also propose text that will allow UE implementations to avoid unnecessary cell re-selections and registrations in case the sliceAllowedCellList or sliceExcludeCellList is incomplete.
2	Discussion
2.1 Estimating slice support in a Cell
In 38.304, section 5.2.4.11it is stated:
The UE considers a cell on an NR frequency to support all slices of an NSAG if
-	the corresponding nsag-ID is indicated for the NR frequency and valid for current TA; and
-	the cell is either listed in the sliceAllowedCellListNR (if provided in the used slice specific cell reselection information) or the cell is not listed in the sliceExcludedCellListNR (if provided in the used slice specific cell reselection information); or
- 	Neither sliceAllowedCellListNR nor sliceExcludedCellListNR is configured in the used slice specific cell reselection information

There are a few problems with that section:
· In RAN2 #118 it was agreed that the UE will get the slice support information from SIB16, even if frequency priorities are provided in RRC Release. The phrase ‘the used slice specific cell re-selection information’ contradicts that.
· The section is unnecessary complex, and the expression ‘if provided …’ is repeated multiple times. The field name ‘sliceCellListNR’ can be used to simplify the section.
The two last bullets can be replaced with a correct and more concise version:
-	if sliceCellListNR is provided for the frequency, the cell is either listed in sliceAllowedCellListNR or not listed in sliceExcludedCellListNR 
[bookmark: _Toc110973530]The section on the sliceCellListNR is corrected as described above.

Another problem is that an incomplete or incorrect cell list may cause a large number of unnecessary registrations.
There are many reasons why the information in the cell list may not be correct/complete. Some reasons are:
· The cell list is configured based on information received over Xn, and there is no Xn interface between the current and target cell. In that case, the current cell will not broadcast cell support info of the target cell, even though the cell may or may not support all of the UE’s slices.
· The grouping of the NSAG is misconfigured in the network, so that it is not possible to describe the slice support in a cell for the NSAG. (That is, the group contains some slices that are supported in the target cell, and some that are not supported.)
· UE received slice based re-selection priorities in RRC Release, and is expected to get Cell lists from the cell it is camping in, but the current cell does not support slice Aware cell re-selection and does not broadcast it.
If the sliceCellList indicates that a target cell does not support the NSAG of a UE, even though the wanted slice is supported, the UE will not move to the cell, and will not be able to access the wanted slice.
On the other hand, if the sliceCellList indicates that a target cell supports the NSAG of the UE, but the wanted slice is not supported, the UE will move to the target cell,  and it will try to register the slice. Since the information was wrong, the UE will not be able to access the slice. It will continue cell re-selection based on the available slices, and probably move back to the original cell. When back in the original cell, it will again update the re-selection priorities based on the erroneous cell list, and again move to the target cell and try to register the slice. This will thus continue until the UE leaves RRC-Inactive, or moves out of coverage of any of the cells.
[bookmark: _Toc110973522]If the sliceCellList erroneously indicates that a slice is not supported in a target cell, a UE will not be able to use slice based cell re-selection to access the slice.
[bookmark: _Toc110973523]If the sliceCellList erroneously indicates that a slice is supported in a target cell, the UE may end up switching cells back and forth an infinite number of times, doing new registrations after each cell change.   

In order to avoid this behaviour, the UE could keep information on available slices after registering in a cell, and use it to verify the information in the sliceCelList, and if errors are detected, use the correct information instead. 
Before the UE camps on a new cell, it will read the SIB 1 of the target cell. It will then find out what TA the cell belongs to. Based on the TA of the target cell and stored slice support info, the UE may be able to derive the slice support of the cell. (For example, if the TA belongs to the current RA, the slice support is given by the UE’s Allowed and Rejected NSSAI’s.) In that case, the UE should use that information to verify the slice support received in the sliceCellList, and if needed, update the cell re-selection priorities, and re-evaluate the target cell. 

If the UE have recently received slice support information from a Target cell, or another cell in same TA, and it is not the same as indicated by the cell list, the UE may use the slice support information received from the cell to update the cell re-selection priorities. 
 
2.2	Deriving re-selection priorities
In the end of section 5.2.4.11 it is described how the UE shall derive re-selection priorities:
The UE shall derive re-selection priorities for slice-based cell re-selection according to the following rules:
-	Frequencies that support at least one prioritized NSAG received from NAS have higher re-selection priority than frequencies that support none of the NSAG(s) received from NAS.
-	Frequencies that support at least one NSAG provided by NAS are prioritised in the order of the NAS-provided priority for the NSAG with highest priority supported on the frequency.
-	Among the frequencies (one or multiple) that support the highest prioritised NSAG(s) with the same NAS-provided priorities, the frequencies are prioritized in the order of their highest nsag-CellReselectionPriority given for these NSAG(s).
-	Frequencies that support a NSAG provided by NAS and that indicate nsag-CellReselectionPriority for the NSAG have higher re-selection priority than frequencies that support this prioritized NSAG without indicating nsag-CellReselectionPriority for the NSAG.
-	Frequencies that support none of the NSAG(s) provided by NAS are prioritized in the order of their cellReselectionPriority;

This text is confusing, and some bullets are contradicting. The text can can be improved by some clarifications and re-wording.
In this section, wordings like ‘NSAG(s) received from NAS’, ’NSAG provided by NAS’ or ‘prioritized NSAG(s)’ are used repetively. It is sufficient to mention that the paragraph is about NSAG’s received from NAS once, in the first sentence of the section. Also, there is no need to mention that the NSAG’s are prioritized.
[bookmark: _Toc110973532]Remove all instances of ‘NSAG’s received from NAS’ and similar wording, and add the text ‘for the NSAG(s) provided by NAS’ in the first sentence of the discussed text section.
[bookmark: _Toc110973533]In the third bullet, the term ‘frequencies (one or multiple) that support the highest prioritised NSAG(s) with the same NAS-provided priorities’ is referring to a subset of the frequencies and NSAG’s of the second bullet. To clarify that, the used wording should be as close as possible. Also, the third bullet covers two cases: when the same NSAG is the highest prioritized NSAG supported on the frequency, and when there are several NSAG’s with same priority. The text will be more clear if this is spelled out.  
 
[bookmark: _Toc110973534]Change second and third bullet so that the wordings are similar.
[bookmark: _Toc110973535]Clarify that the third bulled covers two cases.

The second and fourth bullet are contradicting. In case a frequency f1 supports a NSAG with high priority, but no nsag-CellReselectionPriority, and another frequency, f2, supports another NSAG with low priority but defined nsag-CellReselectionPriority, based on the second bullet, f1 should be prioritized over f2, but based on the fourth bullet, f2 should be prioritized. This was obviously not the intention with the text. The fourth bullet is only supposed to be describing how to prioritize frequencies described in the third bullet with no nsag-CellReselectionPriority. 
This becomes more clear if a statement is added to the third bullet, describing how to act when there is no nsag-CellReselectionPriority. The fourth bullet can then be removed.   
[bookmark: _Toc110973536]Add text to the third bullet and remove the fourth bullet to clarify how to prioritize frequencies with no nsag-CellReselectionPriority for the highest prioritized NSAG.  


2.2	Changes to 38.304
In Annex, a TP is given with proposed changes to 38.304. The changes include some some minor details to increase readability and implementation of Proposals 1-6.
[bookmark: _Toc110973537]Accept the changes in Annex for 38.304  


[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
	Observation 1	
	If the sliceCellList erroneously indicates that a slice is not supported in a target cell, a UE will not be able to use slice based cell re-selection to access the slice.

	Observation 2
	If the sliceCellList erroneously indicates that a slice is supported in a target cell, the UE may end up switching cells back and forth an infinite number of times, doing new registrations after each cell change.



Based on the discussion in the previous sections we propose the following:

	Proposal 1
	The section on the sliceCellListNR is corrected as described above

	Proposal 2
	If the UE have recently received slice support information from a Target cell, or another cell in same TA, and it is not the same as indicated by the cell list, the UE may use the slice support information received from the cell to update the cell re-selection priorities.

	Proposal 3
	Proposal 3	Replace all instances of ‘NSAG’s received from NAS’ and similar wordings with the text ‘for the NSAG(s) provided by NAS‘ in the first sentence of the discussed text section.
In the third bullet, the term ‘frequencies (one or multiple) that support the highest prioritised NSAG(s) with the same NAS-provided priorities’ is referring to a subset of the same frequencies and NSAG’s as the second bullet. To clarify that, the wording should be as close as possible. Also, the third bullet covers two cases: when the same NSAG is the highest prioritized NSAG supported on the frequency, and when there are several NSAG’s with same priority. The text will be more clear if this is spelled out.

	Proposal 4
	Change second and third bullet so that the wordings are similar.

	Proposal 5
	Clarify that the third bulled covers two cases.

	Proposal 6
	Add text to the third bullet and remove the fourth bullet to clarify how to prioritize frequencies with no nsag-CellReselectionPriority for the highest prioritized NSAG.

	Proposal 7
	Accept the changes in Annex for 38.304






Annex: TP for 38.304

First Modified Subclause
[bookmark: _Toc29245211][bookmark: _Toc37298557][bookmark: _Toc46502319][bookmark: _Toc52749296][bookmark: _Toc100784100]5.2.4.5	NR Inter-frequency and inter-RAT Cell Reselection criteria
If threshServingLowQ is broadcast in system information and more than 1 second has elapsed since the UE camped on the current serving cell, cell reselection to a cell on a higher priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:
-	A cell of a higher priority NR or EUTRAN RAT/frequency fulfils Squal > ThreshX, HighQ during a time interval TreselectionRAT
Otherwise, cell reselection to a cell on a higher priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:
-	A cell of a higher priority RAT/ frequency fulfils Srxlev > ThreshX, HighP during a time interval TreselectionRAT; and
-	More than 1 second has elapsed since the UE camped on the current serving cell.
Cell reselection to a cell on an equal priority NR frequency shall be based on ranking for intra-frequency cell reselection as defined in clause 5.2.4.6.
If threshServingLowQ is broadcast in system information and more than 1 second has elapsed since the UE camped on the current serving cell, cell reselection to a cell on a lower priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:
-	The serving cell fulfils Squal < ThreshServing, LowQ and a cell of a lower priority NR or E-UTRAN RAT/ frequency fulfils Squal > ThreshX, LowQ during a time interval TreselectionRAT.
Otherwise, cell reselection to a cell on a lower priority NR frequency or inter-RAT frequency than the serving frequency shall be performed if:
-	The serving cell fulfils Srxlev < ThreshServing, LowP and a cell of a lower priority RAT/ frequency fulfils Srxlev > ThreshX, LowP during a time interval TreselectionRAT; and
-	More than 1 second has elapsed since the UE camped on the current serving cell.
For a UE performing slice-based cell reselection, if a best cell in a frequency fulfils the above criteria for cell reselection based on the re-selection priority for the frequency and an NSAG, derived according to clause 5.2.4.11, but this cell does not support the NSAG (see clause 5.2.4.11), the UE shall re-derive a re-selection priority for the frequency by considering the NSAG(s) supported by this cell (rather than those of the corresponding NR frequency) according to clause 5.2.4.11. This reselection priority is used for a maximum of 300 seconds, or until new information of NSAG(s) and their priorities are received from NAS. UE shall ensure the cell reselection criteria above are fulfilled based on the newly derived priorities.
Cell reselection to a higher priority RAT/frequency shall take precedence over a lower priority RAT/frequency if multiple cells of different priorities fulfil the cell reselection criteria.
If more than one cell meets the above criteria, the UE shall reselect a cell as follows:
-	If the highest-priority frequency is an NR frequency, the highest ranked cell among the cells on the highest priority frequency(ies) meeting the criteria according to clause 5.2.4.6;
-	If the highest-priority frequency is from another RAT, the strongest cell among the cells on the highest priority frequency(ies) meeting the criteria of that RAT.
Next Modified Subclause
[bookmark: _Toc76506097][bookmark: _Toc100784113]5.2.4.11	Re-selection priorities for slice-based cell reselection
The UE derives re-selection priorities for slice-based cell re-selection by using:
-	NSAGs and their priorities provided by NAS,
-	sliceInfoList and or sliceInfoListDedicated per frequency with nsag-CellReselectionPriority per NSAG, if provided in system information and/or dedicated signalling,
-	cellReselectionPriority per frequency provided in system information and/or dedicated signalling.
The UE considers an NR frequency to support all slices of an NSAG if
-	the corresponding nsag-ID is indicated for the NR frequency and valid for current TA.
The UE considers a cell on an NR frequency to support all slices of an NSAG if the following is fulfilled:
-	the corresponding nsag-ID is indicated for the NR frequency and valid for current TA; and
-	the cell is either listed in the sliceAllowedCellListNR (if provided in the used slice specific cell reselection information) or the cell is not listed in the sliceExcludedCellListNR (if provided in the used slice specific cell reselection information); or
- 	Neither sliceAllowedCellListNR nor sliceExcludedCellListNR is configured in the used slice specific cell reselection information
[bookmark: _Hlk110984595]-	if sliceCellListNR is provided for the frequency and NSAG, the cell is either listed in sliceAllowedCellListNR or not listed in sliceExcludedCellListNR. 
To prevent repeated cell re-selections and registrations in case the sliceCellListNR is erroneous or incomplete, the UE may implement a mechanism to verify slice support of a cell, e.g. based on system information from previous visits in the cell.
The UE shall derive re-selection priorities for slice-based cell re-selection for the NSAG(s) provided by NAS according to the following rules:
-	Frequencies that support at least one prioritized NSAG received from NAS have higher re-selection priority than frequencies that support none of the NSAG(s) received from NAS.
-	Frequencies that support at least one NSAG provided by NAS are prioritised in the order of the NAS-providedNSAG priority for the highest prioritized NSAG with highest priority supported on the frequency.
[bookmark: _Hlk104193789]-	Frequencies where the highest prioritized NSAG supported on the frequency are the same, or where the NSAG priority is equal for the highest prioritized NSAG(s) supported on the frequencies, Among the frequencies (one or multiple) that support the highest prioritised NSAG(s) with the same NAS-provided priorities, the frequencies are prioritized in the order of their highest nsag-CellReselectionPriority given for these NSAG(s). If no nsag-CellReselectionPriority is given for a NSAG at a frequency, the value -1 is used.
-	Frequencies that support a NSAG provided by NAS and that indicate nsag-CellReselectionPriority for the NSAG have higher re-selection priority than frequencies that support this prioritized NSAG without indicating nsag-CellReselectionPriority for the NSAG.
-	Frequencies that support none of the NSAG(s) provided by NAS are prioritized in the order of their cellReselectionPriority;

End of Changes


