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Introduction
In RAN2#116-e meeting, RAN2 reached the following agreements on the topic of slice priority for cell reselection:
	R2-2109725 [Post115-e][244][Slicing] Resolving FFSs for solution 4 (Lenovo)
1: A serving cell can provide slice support of neighbour cells.
Best cell principle for intra-frequency cell reselection should be maintained i.e. UE camps on the strongest cell according to existing cell reselection rules.
Network broadcasts slice info for the purpose of inter-frequency reselection. This will also need slicing priority for the serving frequency. FFS in which SIB.
RAN4 is not in the scope of the WI

R2-2110699 Slice-based cell re-selection algorithm	Ericsson
There is suppport to go with this approach. 
Offline discussion [241] (Ericsson) to sort out the details of this solution. If no problems are found, we adopt this approach in the running CR. We try to decide in 2nd week CB session.

R2-2111566 Summary of [AT116-e][241][Slicing] Slice-based cell re-selection algorithm (Ericsson)
Post-meeting email discussion to conclude the questions raised in [AT116-e][241] via the running CR.


The following are the proposals of the “[Post116-e][242][Slicing] Slice-based cell re-selection algorithm” [1]: 
	RAN2 to further discuss and agree on UE behaviour for sliced-based priority re-selection
A. Solution 4, all NAS-prioritised slices with frequency priorities as well as legacy frequency priorities are consisdered, without iteration
B. Solution 4, original (UE first uses the frequency priorities of the highest priority slice, and if no cell is found, it will use the priorities of other slices in priority order, and at last it will use legacy priorities)
C. Solution 4, only highest prio slice considered, then legacy priorities considered
Proposal 1 Both Existing TP (TP in Annex A) and alternative TP (TP in Annex B) have issues and can be enhanced, based on company contributions. Should resolve the issues and comments raised by companies in this email discussion (in 2.2.2 and 2.2.3).
[bookmark: _Hlk90995367]The following proposal is assumed to apply at least if the slice-based mechanism is specified using the alternative TP (TP in Annex B):
Proposal 2 In case prioritised slice is not supported in the highest ranked cell on the target frequency, the UE uses legacy frequency priority for that frequency, until another cell on the target frequency becomes highest ranked cell on the target frequency.


In this contribution we discuss the different options (A, B and C) of solution 4, and propose an alternative method for implementing Option A without the need to use the formula to calculate the SliceBasedReselectionPriorities. 
Discussion
In the following we describe the different options A, B and C of solution 4 in [1].
Solution 4 - Option B and Option C:
Several variations of the Solution 4, for slice-based cell reselection, were discussed in [1]. In the following we review Solution 4 - Option B and C: 

B. Solution 4, original (UE first uses the frequency priorities of the highest priority slice, and if no cell is found, it will use the priorities of other slices in priority order, and at last it will use legacy priorities)
C. Solution 4, only highest prio slice considered, then legacy priorities considered
Adjustments to Solution 4 - Option B:
The slice-based cell reselection algorithm of Solution 4 – Option B is described in Annex A [1], as follows: 
	5.2.4.X	 Slice-based cell reselection
The slice-based cell reselection procedure is the following: 
-	The UE selects the slice group with highest priority slice. 
-	The UE assigns the slice frequency priority corresponding to the selected slice group for NR frequencies received in RRCRelease or in the system information messages. 
-	The UE performs measurements and selects the highest ranked and suitable cell as candidate for camping according to clauses 5.2.4.2, 5.2.4.3, 5.2.4.4, 5.2.4.5, 5.2.4.6 using the slice group specific NR frequency priorities. 
-	If the highest ranked and suitable cell supports the selected slice, then the UE camps on the cell. 
Editor's Note: FFS: How the UE determines whether the highest ranked cell supports the selected slice.
Editor' Note: It is FFS whether the UE should select another slice group and perform cell reselection with the priorities of that slice group if no suitable cell supporting the selected slice group is found.
-	If no suitable cell is found using slice group specific frequency priorities, then the UE continues to perform cell reselection according to clause 5.2.4 without considering slice group specific frequency priorities.



Considering that a slice group could include one or more slices of the same priority, so it is not clear how a UE selects the slice group with highest priority slice. Hence, to clarify this step, the following update is needed: 
	-	The UE selects the highest priority slice group. 



Next considering that measurements are up to UE implementation, there is no need to specify the order of measurements, so we propose the following update:
	-	The UE selects the highest ranked and suitable cell as candidate for camping according to clauses 5.2.4.2, 5.2.4.3, 5.2.4.4, 5.2.4.5, 5.2.4.6 using the slice group specific NR frequency priorities.


Next we consider the second Editor’s Note related to the iterative process on slices/slice groups. In our understanding, it would be better if the UE can consider other slices, in addition to the highest priority slice, in its search for a suitable cell. This is assuming that the NW can support UE’s slices as much as possible based on the UE’s requested slice information (Requested NSSAI) as in legacy. However, the issue of latency in cell re-selection with Option B needs to be addressed. Therefore, we discuss latency issue of Solution 4 in detail in [2].
Observation 1: While considering other slices, in addition to the highest priority slice, may be beneficial for the UE, the latency issue related to the iteration process of Option B needs to be discussed further.

On the other hand, removing the second Editor’s note (i.e. iterative step on slice/slice groups) would avoid increased complexity and energy consumption at the UE, and would modify Option B to become Option C. Therefore, we propose to remove this Editor’s Note to simplify the slice-based cell reselection algorithm:
	Editor' Note: It is FFS whether the UE should select another slice group and perform cell reselection with the priorities of that slice group if no suitable cell supporting the selected slice group is found.


Observation 2: Removing the iterative process for Option B would simplify the slice-based cell reselection algorithm.

Assuming that the UE fails to re-select a suitable cell that supports the selected slice/slice group, then the UE should fallback from slice-based cell reselection to legacy cell reselection. However, the UE cannot perform legacy cell reselection if it is configured with slice based priority via dedicated signaling and T320-like timer is running (or a T320-like timer is not configured).
Observation 3: It is necessary to clarify that fallback to legacy cell reselection is only applicable when the UE performs slice-based cell reselection according to SIB.

This following update clarifies the issue with the legacy fallback:
	· If no suitable cell is found using slice group specific frequency priorities, and the UE is not configured with slice based priority via dedicated signalling, then the UE continues to perform cell reselection according to clause 5.2.4 without considering slice group specific frequency priorities.


Solution 4 - Option C:
The Option C cell reselection algorithm is based on the highest priority slice. That is, only frequencies supporting the highest priority slice will be selected, while remaining frequencies supporting other (next down) priority slices (i.e. 2nd or 3rd highest priority slice) will not be considered. Additionally, it is possible that the UE may always end up falling back to legacy cell reselection, if does not find any frequency that supports the highest priority slice. 
On the other hand, the Option C is the simplest option of Solution 4 and has lower latency impact as shown in [2]. 
Observation 4: Option C is the simplest option of solution 4 as it avoids the iterative process and thus any latency issue of Option B. 

Current Solution 4 - Option A:
In the following we review Solution 4 - Option A [1], [3]: 

A. Solution 4, all NAS-prioritised slices with frequency priorities as well as legacy frequency priorities are consisdered, without iteration
Option A was proposed in [3] as an alternative to the original Solution 4 – Option B (Annex A in [1]), which performs suitable cell search based on the priorities of slices in priority order (i.e. using multiple iterations over all slices). The proponent of Option A provided an algorithm using a new formula for calculating slice-based reselection priority for all the frequencies and suggested that this solution would avoid the use of multiple iterations of cell reselection while ensuring that the UE will search all available frequencies in the case of the UE is in bad coverage [3]. Moreover, the cell reselection algorithm could ensure that frequencies supporting the highest priority slice gets higher priority than all other frequencies, and then frequencies supporting next down priority slice (2nd, 3rd highest priority) would have higher priority than all remaining frequencies and so on. Additionally, frequencies that do not support any of the prioritized slices, would be have the lowest frequencies priorities, and will be ordered based on the legacy cell reselection priority.  
The UE calculates the Slice-Based Reselection Priority for each frequency using the following formula [3]: 
SliceBasedReselectionPriority = slicePriority * MaxReselectionPriorityValue + frequencyPriority 
However, in both email discussions [1] and [4], majority of companies did not support the use of the above formula due to possible increased complexity at the UE side. 
Observation 5: In Option A, the use of the slice specific frequency priority formula would increase complexity at the UE. 

In the following, we illustrate that it is possible to implement option A without using the complex formula and demonstrate how it can be done. Furthermore, we consider that while it is important for the specification to define the rules for prioritization, i.e. how the UE will behave in a network by using the network provided slice priorities and frequency priorities, how the UE will implement those rules can be left to the UE implementation. Formula provided in [3], in our view is only one of the possible implementation options.
Alternative method for implementing Solution 4 - Option A:
In the following we first describe some aspects related to cell reselection in NR, before discussing our proposed alternative method for realizing prioritization in solution 4 (option A).
In existing NR specification TS38.304, absolute priorities (frequency priority + sub priority) are not used for any calculation or in any formula till now. They are used only for measurement rules for cell reselection and in NR inter-frequency or inter-RAT cell reselection criteria as follows: 
Usage of Absolute Priorities for Measurement rules for cell re-selection
Measurement rules for cell reselection varies based on whether the frequency to be measured is higher priority or equal/lower priority with respect to the serving frequency. In other words, as far as measurement rules are concerned, the absolute priority value from SIB or dedicated signalling is used only to identify whether a frequency is higher priority, equal priority or a lower priority with respect to the serving frequency and not in any mathematical calculations. Absolute priorities are also used for defining rules for measurements with measurement relaxation, but even here also they are used for identifying the relative priority of neighbour frequencies (higher/lower/equal) with respect to serving frequency and there is no calculation.
Usage of Absolute Priorities for NR Inter-frequency and inter-RAT Cell Reselection criteria
Cell reselection criteria also depends on whether the frequency for which measurement results are available is higher priority, equal priority or lower priority to the current serving frequency. i.e. Absolute priority value is used for deriving the relative priority of the neighbour’s frequency with the current serving frequency and to decide which thresholds to be used and not in any calculations.
Further if there are multiple frequencies satisfying the cell reselection criteria, the rules are as follows:
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.
i.e Absolute priority is used for identifying the relative priority between neighbours that satisfy cell reselection criteria, and cell belonging to highest priority frequency will be selected subject to further ranking using measurements, number of beams above a threshold etc. 
All the above shows that in legacy cell reselection the absolute priorities are not used in any calculations, but only for determining the relative priorities between different frequencies.
Applying the above principle, UE could implement slice aware cell reselections using an internal priority list. 
Let us call the list ReselectionPrioList. ReselectionPrioList can contain frequencies or a sublist of frequencies. If there are frequencies with equal priority in the sliceinfolist, they are added as a sublist of frequencies to ReselectionPrioList:
Step 1: Add the frequencies supporting the highest priority slice in the sorted frequency priority order to the ReselectionPrioList. 
Step 2: Then add the frequencies supporting the second highest priority slice in the sorted frequency priority order to the ReselectionPrioList. 
Step 3: Then add the frequencies supporting third priority slice and so on till the frequencies supporting all the slices are added. 
Step 4: Finally add the frequencies not supporting any slices according to the legacy cell reselection priority to ReselectionPrioList. 
A frequency will be added only once to the list-based on the priority corresponding to the highest priority slice. As mentioned earlier, if there are frequencies with equal priority in the sliceinfolist, they are added as a sublist of frequencies to ReselectionPrioList
In this way, once the list is constructed, UE can consider a frequency at the front of the list as having a higher priority than a frequency after it because the ReselectionPrioList will have frequencies stored in a sorted way according to the following rules.
1. Frequencies belonging to a higher priority slice will be always in front of the frequencies belonging to a lower priority slice. (i.e. frequencies are sorted according to the slice priority)
2.Within the frequencies supporting a slice, a frequency with a higher frequency priority will be always at the front of the frequencies with a lower priority (i.e. within a slice, frequencies are sorted according to frequency priority). If a frequency is present in the sliceinfolist without a frequency priority, it will be behind all the frequencies with a frequency priority.
3.Any frequency not present in the sliceinfolist of any of the slices, will be present in the list after all the frequencies in the sliceinfolist of any of the slices. Among such frequencies, any frequency with a higher legacy priority will be before a frequency with a lower legacy priority. Any frequency not in sliceinfolist of any of the slices and without a legacy priority will be at the end of the list.
For example, consider the case of 3 slices and various supporting frequencies as below:
· Slice 1: Highest priority slice. Frequency priorities F1=7 F2=5 F3=1, then after Step 1 in the algorithm ReselectionPrioList= [F1,F2,F3]
· Slice 2: Second highest priority slice. Frequency priorities F1=7 F4=5 F5=5, then after Step 2 in the algorithm ReselectionPrioList= [F1,F2,F3,{F4,F5}]
· Slice 3: Third highest priority slice. Frequency priorities F6=6 F7=5 F8=2, then after Step 3 in the algorithm ReselectionPrioList= [F1,F2,F3,{F4,F5},F6,F7,F8]
· Legacy priority F1=4 F2=3 F3=5 F4=7 F5=4 F6=3 F7=5 F8=1 F9=7, then after Step 4, i.e. considering legacy priority also, ReselectionPrioList= [F1,F2,F3,{F4,F5},F6,F7,F8,F9]
Now let us consider that UE is camped on a cell in F4. Based on the ReselectionPrioList, applying the fact that a frequency in front of the list is having higher priority than a frequency coming after that in the list:
· F1 F2 F3 are higher priority than current serving frequency.
· F5 is equal priority than current serving frequency.
· F6, F7, F8, F9 is lower priority than current serving frequency.
So measurement rules for cell re-selection as well as the inter-frequency cell reselection criteria can be followed with slice aware cell reselection without any ambiguities or any complex formula. Relative priorities between the frequencies is also clear, (i.e. whether any two particular frequencies are high/low/equal priorities among themselves) from the list. So there is no ambiguity for using priorities for ranking as well, when cells belonging to multiple frequencies satisfy the criteria.
We just illustrated one method for implementing option A without any formula. But we acknowledge that there can be other methods. For e.g. UE implementation can derive the priorities considering both slice priority and frequency priority using a priority matrix where rows are slice priorities, columns are frequency priorities and each element is a frequency, F. Relative Priority between any two frequencies F and F’ can be defined as Fsliceprio,freqprio > F’sliceprio’,freqprio’, if (sliceprio>sliceprio’) or (sliceprio=sliceprio’ and freqprio>freqprio’)
In our view, specification can define the rules for slice prioritization, for e.g. as given below, leaving how it is realized to UE implementation.
UE should consider frequencies supporting a higher priority slice as higher priority than the frequencies supporting a lower priority slice. Among the frequencies supporting a given slice, UE follows the priorities in the sliceInfoList for that slice. If a frequency is not having a priority in the sliceInfoList for a given slice, UE considers that frequency as the lowest priority frequency supporting the slice. 
Frequencies not supporting any of the UE’s supported slices are considered as lower priority than frequencies supporting any slice. Among those frequencies, they follow legacy cell reselection priority.
Observation 6: There are multiple methods for implementing Option A. Formula is just one of them. 
Observation 7: Specification needs to define the rules for slice prioritization and the rules for prioritizing frequencies supporting a slice and leave the issue of how the prioritization is realized to the UE implementation.

In summary, in our view, Soltuion 4 Options A, B and C have different cons and pros that RAN2 would need to dissucss in details before making the final decision on which of option to adopt for slice-based cell reselection. 
In our opinion, the following could be possible versions of RAN2 decision:  
Proposal 1: RAN2 could support one of the following options: 
· Alt-1: Solution 4 Option C considering its simplicity and minimum impact to UE.
· Alt-2: Solution 4 Option B with adjustments, refer to the TP in Annex A.
· Alt-3: Solution 4 Option A with an alternative method to the original formula, refer to TP in Annex B
Conclusion
In this contribution, we discussed the different options of solution 4 (A, B and C) and proposed a possible alternative method to the complex formula of Option A. The following are observations and proposals: 
Observation 1: While considering other slices, in addition to the highest priority slice, may be beneficial for the UE, the latency issue related to the iteration process of Option B needs to be discussed further.
Observation 2: Removing the iterative process for Option B would simplify the slice-based cell reselection algorithm.
Observation 3: It is necessary to clarify that fallback to legacy cell reselection is only applicable when the UE performs slice-based cell reselection according to SIB.
Observation 4: Option C is the simplest option of solution 4 as it avoids the iterative process and thus any latency issue of Option B. 
Observation 5: In Option A, the use of the slice specific frequency priority formula would increase complexity at the UE. 
Observation 6: There are multiple methods for implementing Option A. Formula is just one of them. 
Observation 7: Specification needs to define the rules for slice prioritization and the rules for prioritizing frequencies supporting a slice and leave the issue of how the prioritization is realized to the UE implementation.
Proposal 1: RAN2 could support one of the following options: 
· Alt-1: Solution 4 Option C considering its simplicity and minimum impact to UE.
· Alt-2: Solution 4 Option B with adjustments, refer to the TP in Annex A.
· Alt-3: Solution 4 Option A with an alternative method to the original formula, refer to TP in Annex B
[bookmark: _GoBack]
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Annex A (Option B and C) (Adaptation from R2-2200043 TP related to Proposal 2 Alt-2)
5.2.4.1	Reselection priorities handling
Absolute priorities of different NR frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, an NR frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information, including slice or slice group specific frequency priorities. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling and deprioritisationReq received in RRCRelease unless specified otherwise. When the UE in camped normally state, has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than any of the network configured values). If the UE is configured to perform both NR sidelink communication and V2X sidelink communication, the UE may consider the frequency providing both NR sidelink communication configuration and V2X sidelink communication configuration to be the highest priority. If the UE is configured to perform NR sidelink communication and not perform V2X communication, the UE may consider the frequency providing NR sidelink communication configuration to be the highest priority. If the UE is configured to perform V2X sidelink communication and not perform NR sidelink communication, the UE may consider the frequency providing V2X sidelink communication configuration to be the highest priority.
For a UE supporting slice-based cell reselection, if the UE is provided with slice priorities from NAS, and if slice or slice group specific frequency priorities are included in the cell reselection information used by the UE, UE performs slice-based cell reselection as described in clause 5.2.4.x.
… 
(Irrelevant text omitted)
…
New Clause
[bookmark: _Toc20610847][bookmark: _Toc37298567][bookmark: _Toc46502329][bookmark: _Toc76506097][bookmark: _Toc52749306]5.2.4.X	 Slice-based cell reselection
The slice-based cell reselection procedure is the following: 
-	The UE selects the highest priority slice group. 
-	The UE assigns the slice frequency priority corresponding to the selected slice group for NR frequencies received in RRCRelease or in the system information messages. 
-	The UE selects the highest ranked and suitable cell as candidate for camping according to clauses 5.2.4.2, 5.2.4.3, 5.2.4.4, 5.2.4.5, 5.2.4.6 using the slice group specific NR frequency priorities. 
-	If the highest ranked and suitable cell supports the selected slice, then the UE camps on the cell. 
Editor's Note: FFS: How the UE determines whether the highest ranked cell supports the selected slice.

-	If no suitable cell is found using slice group specific frequency priorities, and the UE is not configured with slice based priority via dedicated signalling, then the UE continues to perform cell reselection according to clause 5.2.4 without considering slice group specific frequency priorities.



Annex B (Option A) (Adaptation from R2-2200043 TP related to Proposal 2 Alt-3)
5.2.4.1	Reselection priorities handling
Absolute priorities of different NR frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, an NR frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information, including slice or slice group specific frequency priorities. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling and deprioritisationReq received in RRCRelease unless specified otherwise. When the UE in camped normally state, has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than any of the network configured values). If the UE is configured to perform both NR sidelink communication and V2X sidelink communication, the UE may consider the frequency providing both NR sidelink communication configuration and V2X sidelink communication configuration to be the highest priority. If the UE is configured to perform NR sidelink communication and not perform V2X communication, the UE may consider the frequency providing NR sidelink communication configuration to be the highest priority. If the UE is configured to perform V2X sidelink communication and not perform NR sidelink communication, the UE may consider the frequency providing V2X sidelink communication configuration to be the highest priority.
For a UE supporting slice-based cell reselection, if the UE is provided with slice priorities from NAS, and if slice or slice group specific frequency priorities are included in the cell reselection information used by the UE, UE applies  Slice-Based Reselection Priority for each frequency, as  follows 
UE should consider frequencies supporting a higher priority slice as higher priority than the frequencies supporting a lower priority slice. Among the frequencies supporting a given slice, UE follows the priorities in the sliceInfoList for that slice. If a frequency is not having a priority in the sliceInfoList for a given slice, UE considers that frequency as the lowest priority frequency supporting the slice. Frequencies not supporting any of the UE’s supported slices are considered as lower priority than frequencies supporting any slice. Among those frequencies, they follow legacy cell reselection priority
… 
(Irrelevant text omitted)
…






 
