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Introduction
In RAN2#116bis-e meeting, RAN2 discussed the following 3 options of solution 4 for slice-based cell reselection [1]:
	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.



In RAN2 discussion, companies raised concerns on cons of the different options. For example, in [1]: 
· Option A: the use of slice specific frequency priority formula would increase complexity at the UE
· Option B: the iterative procedure would increase power consumption and delay in cell reselection [R2-2200949], and the UE may not be able to meet RAN4 requirements. That is, the UE cannot identify whether a cell is suitable based on single measurement but needs multiple measurements. 
· Option C: only considers highest priority slice and if no suitable cell is found, the UE falls back to legacy.

Eventually, RAN2 voted on the different options [1]: 
	Who would object to
A (with formula): 9 (QC, Apple, OPPO, Xiaomi, CATT, Lenovo, Huawei, Samsung, Spreadtrum)
B (resolving issues with existing procedures): 5 (Nokia, NEC, Ericsson, MediaTek, Samsung)
C (compromise between A and B): 9 (BT, LGE, Lenovo, KDDI, Xiaomi, Intel, Ericsson, Apple, CMCC)




Clearly, there was no possible agreement on any of the options A, B, and C. Hence, RAN2 decided to support/go with a variation of Option A (without formula) [1]: 
	A (without formula, i.e. specific slice priority value used in evaluation): -

Working assumption: We go with proposal A without formula, e.g. as proposed by Samsung or Apple. Exact details to be worked out for the next meeting.




In response to RAN2 WA, we prepared a TP against the running CR for 38.304 in [2], in which we propose that RAN2 would just need to specify the rules for prioritization and leave the issue of how those rules are realized to the UE implementation.
In this contribution we describe different methods for implementing proposal A without formula in relation to proposed TP in [2].  
Discussion
Methods for implementing Prioritization rules:
In the following we first describe some aspects related to cell reselection in NR based on current specifications, before discussing different methods for realizing prioritization in proposal A without formula.
In existing NR specification TS38.304, absolute priorities (frequency priority + sub priority) are used only for measurement rules for cell reselection and in NR inter-frequency or inter-RAT cell reselection criteria as follows: 
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.
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.
That is, 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.
From the above, we can observe that most important principle of cell reselection prioritisation is that UE should be able to identify the relatively priority between any two frequencies unambiguously based on absolute frequency priority provided by the Network. And with the absolute priority, it is up to UE implementation how to calculate the relatively priority (e.g., using an internal priority list or a Matrix). TS 38.304 do not specify this procedure.
Observation 1: In existing TS 38.304, basic principle of cell reselection prioritisation is that UE should be able to identify the relatively priority between any two frequencies unambiguously based on the absolute frequency priority provided by the Network. 
Observation 2: With the absolute frequency priority provided by the Network, existing TS 38.304 don’t specify the procedure how the UE realizes frequency prioritisation, i.e., it is up to UE implementation how to calculate the relatively priority between any two frequencies (e.g., using an internal priority list or a Matrix). 
Applying the above principle, UE could implement prioritisation for slice aware cell reselections using multiple methods such as: 
· Creating an Internal Priority List
· Using a Matrix
· Using a hash table
· Creating an ordered list of priority lists
In the below sections, we illustrate two example methods using priority list and matrix that UE implementation can use as described in the TP [2], the exact method for realising prioritisation can be left to the UE implementation.
Internal Priority List based solution to realise prioritisation rules
In one method UE could implement prioritisation rules 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, the 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 the 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 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.
Rather than creating a new internal priority list, the UE’s implementation may just sort the received sliceInfoList and append the legacy frequency priority list at the end of the sliceInfoList as an entry with “NULL” slicegroup Id. 

Matrix based solution to realise prioritisation rules
The 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’)
Let us call this matrix CellReselectionPrio matrix. 
Priority for a frequency, F = CellReselectionPriom,n where m is the highest priority slice for F and n is the priority in sliceInfoList of m for F
CellReselectionPriom,n > CellReselectionPrioa,b when m >a or m=a and n>b
CellReselectionPriom,n = CellReselectionPrioa,b when m=a and n=b
Now let us consider the same example from method1, we can represent the priorities as per the below sparse matrix:
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As in method 1, let us consider that the UE is camped on a cell in F4.
Priority for serving cell is CellReselectionPrio2,5.
Based on the below priority rules 
CellReselectionPriom,n > CellReselectionPrioa,b when m >a or m=a and n>b
CellReselectionPriom,n = CellReselectionPrioa,b when m=a and n=b
It is clear that F1, F2, F3 are higher priority than F4; F5 is equal priority to F4 and F6,F7,F8,F9 are lower priority than F4. It is also clear what is the relative priority between any two frequencies.
As we have illustrated there are multiple methods for realizing prioritisation with slice priorities and frequency priorities. In our view, choosing a specific method is an implementation problem rather than a specification problem. So it is enough for the specification to define the rules for slice prioritization.
Observation 3: There are multiple methods for implementing proposal A without formula (e.g. using an internal priority list or a Matrix). Choosing a specific method is an implementation problem rather than a specification problem
Proposal 1: Specification needs to define the rules for prioritization and leave the issue of how the prioritization is realized to the UE implementation.



Handling of case where best ranked cell doesn’t support highest priority slice.
RAN2 is also discussing the actions to be performed when best ranked cell doesn’t support highest priority slice. The options under consideration are changing the slice priority to the priority of the highest priority slice supported by the best cell or considering only legacy priority for the frequency. In our TP [2], we have proposed that we can use the highest priority slice supported by the best ranked cell. However, irrespective of the option finally chosen, both the list based and matrix based methods, can easily implement any of the options chosen solutions. In the list based method, the UE just need to move the frequency from one position to another in the list, i.e. delete the frequency at one position and insert at another position, which is an elementary operation for lists. Similarly, for the matrix based method, the UE can move the frequency from one cell to another.
Proposal 2: RAN2 is kindly asked to confirm WA on proposal A without formula.
Proposal 3: RAN2 is kindly asked to agree the proposed TP for 38.304 in [2]. 

Conclusion
In this contribution, we described our proposed alternative method for Option A without the complex slice specific frequency priority formula. The following are the observations and proposals: 
Observation 1: In existing TS 38.304, basic principle of cell reselection prioritisation is that UE should be able to identify the relatively priority between any two frequencies unambiguously based on the absolute frequency priority provided by the Network. 
Observation 2: With the absolute frequency priority provided by the Network, existing TS 38.304 don’t specify the procedure how the UE realizes frequency prioritisation, i.e., it is up to UE implementation how to calculate the relatively priority between any two frequencies (e.g., using an internal priority list or a Matrix). 
Observation 3: There are multiple methods for implementing proposal A without formula (e.g. using an internal priority list or a Matrix). Choosing a specific method is an implementation problem rather than a specification problem

Proposal 1: Specification needs to define the rules for prioritization and leave the issue of how the prioritization is realized to the UE implementation.
Proposal 2: RAN2 is kindly asked to confirm WA on proposal A without formula.
Proposal 3: RAN2 is kindly asked to agree the proposed TP for 38.304 in [2]. 
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