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In the last RAN2 meeting, RAN2 agreed to the following:
	1: Frequency priority mapping for each slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is provided to a UE.
Note: Signaling optimizations are not excluded.
Note: "slice may also mean "slice group"
1b: Frequency priority mapping for each of the slice (slice -> frequency(ies) -> absolute priority of each of the frequency) is part of the “slice info” agreed to be provided to the UE using both broadcast and dedicated signaling.
2: RAN2 kindly allow one more meeting cycle for understanding the necessity of Slice priority along with the following shortlisted solution directions for Idle mode mobility:
a)	Option 4): Slice priority first looping over slice-frequency combination
b)	Option 5): Maximize slice support
c)	Option 6): Frequency priority of highest priority slice with adjustment based on actually supported slice(s) in best ranked cell, without multiple iterations of cell reselection
d)	Option 7): Perform legacy cell reselection mechanism based on slice specific frequency priority
3: RAN2 consider a scenario in its work for slice specific cell (re)selection where it is possible that (Suitable) cells on the same frequency belonging to different TAs support different Slice(s).

4: Working assumption: The Best cell principle according to absolute priority reselection criteria specified in clause 5.2.4.5 of TS38.304 needs to be met also for slice specific cell (re)selection.

6: In addition to proposal 2, following aspects are FFS:
a)	Content of “Slice Info” – to what extent the information needs to be and should be provided to support the Principle in proposal 5
b)	If used, who provides the “Slice priority” (NAS/ AS, UE/ Network)
c)	Can RAN2 continue to use “intended” slice for initial registration and idle-mode mobility
d)	How UE in each of the solutions from proposal 2 uses slice info for cell reselection if both slice info and existing cell reselection priority is signaled (in the SIB and/ or dedicated signaling)



An email discussion is initiated to discuss the various solution directions (i.e. 4,5,6 and 7).  The solution consists of various functions and discussing just the options hide the underlying functions.  Discussing each function, the pros and cons and the motivation give a better understanding of the overall solution and allows a better discussion and individual decision on each function that makes up the complete solution.  The final solution could be a mixture of functions adopted or modified from the different options.
Proposal#1: RAN2 should discuss and decide on the individual functions that make up the solution rather than just take a decision on the overall solution option.
Many discussions still use the term “intended slice” which was discussed before the RAN2 decision on supporting homogeneous deployments.  In the current discussions, the term is confusing to us and it is not clear what exactly is being referred to.  We summarise here the different slice list definitions to help the discussion.  
Configured NSSAI:  All the network slices that the UE could potentially request to use in the PLMN
Requested NSSAI: This a subset of the Configured NSSAI that the UE is interested and requested during a NAS registration procedure
Available slices or Supported slices:  The slices that are available in:
1) a cell,
2) in a TA.  This is the list of slices available in all of the cells of the TA.  In a homogeneous deployment, all of the cells of the TA support the same set of slices.
3) in a region, across the frequencies of a geographical region (this is the superset of all slice that are available in each of the cells of the frequency carriers in a geographical region).
Allowed NSSAI:  Is the set of slices that a UE is allowed to use in a RA.  This is the intersection of the requested slices and available slices.  Hence Allowed NSSAI is a subset of the configured and requested NSSAI.
In this contribution, we discuss the functionalities required for the solutions with the following functional aspect:
· Slice list to be considered by the UE
· What slice info is provided to the UE
· Identification of the available slices for frequency prioritisation and Frequency priority determination
· Interaction with legacy cell reselection, including inter-RAT cell reselection
Slice list to be considered by the UE
The slice list is used by the UE to select slices that are considered for slice based cell reselection to achieve the aim of steering the UE to “optimum” frequency.  Some options also use the slice list to provide the priority for a slice.  The following provides the slice list for each of the solutions:
	Solution
	Proposal

	Option 4
	Leave it to SA2 and CT1 to decide

	Option 5
	Allowed NSSAI

	Option 6
	Leave it to SA2 and CT1 to decide

	Option 7
	Configured NSSAI



In our view, since the overall procedure is to be defined in RAN2, we think RAN2 should discuss and decide/understand clearly the purpose of the slice list, which slices are included in the slice list and why.  For example, option 4 says “The content of “intended slice” i.e. which slice is signalled by NAS as part of “intended slice” is left to NAS. For mobility related reselections, the AS uses the “intended slice(s)” last received from NAS.”  It is not clear to us what this list contains and what the “intended slice signalled by NAS” is referring to.
Proposal#2:  The definition of slice list is not totally left to SA2.  RAN2 should first decide the purpose of and contents of the slice list as part of the overall solution.  
As already agreed, RAN2 will focus on homogeneous deployments in Rel-17.  With homogeneous deployments, all the cells of the Registration Area (RA) of a UE offer the same set of slices.  The UE is provided with an allowed list and all the slices in the allowed list are supported by all the cells in the UEs RA.  
Hence Allowed list for frequency prioritisation will only include the frequencies in the RA and using it for slice based cell reselection will not allow UE to reselect a cell that is outside its RA.   


Figure 1: Example homogeneous deployments with different slice availability in different carriers of a geographical region
For example, as shown in the Figure 1, consider a UE with Configured slices (i.e., slices that the UE is allowed to request in a PLMN) slice 1 and 2.  UE will request both slices 1 and 2 when registering in cell B in TA1.  It is provided with an Allowed list of just slice 1 when it registered in TA1 as slice 2 is not available in TA1.  When the UE moves to Cell A, it should be possible for the UE to request slice 2, which it can do only by reselecting to cell-1 in F1 and performing a Tracking area update.  If the UE only considered allowed slices for cell reselection, it will not consider cell-1 and will not be able to use slice 1 even if it is available in another frequency in the region. 
Proposal#3: Allowed slices is not sufficient for slice based cell reselection.
Our view is that configured NSSAI can be used for slice based cell reselection in order for the UE to reselect a carrier in a different RA and be able to access slices in a different RA.  When UE is using configured NSSAI (with slice 1 and 2), when the UE then moves into cell A, where there is an overlapping cell 1 on frequency F1 in TA2 that offers slice 2.   If slice 2 is higher priority than slice 1 (which is reflected in the frequency priority of Slice 2 in F1), UE should then prioritise frequency F1, reselect cell 1 and then perform registration in TA2 to be able to access slice 2.  To be able to perform this slice based frequency prioritisation, UE has to consider all the Configured NSSAIs (slices 1 and 2 in this example) when it does the frequency prioritisation.   
We think the Configured NSSAI which we understood is already available in the UE NAS should be sufficient here. 
A subset of Configured NSSAI can also be considered.  This subset could eliminate some slices that UE is not interested in even though it is in its Configured NSSAI list.  An alternative subset list could also be considered based on NAS signalling along with the slice priority as discussed later.  
Proposal#4: Configured NSSAI is used the Slice list as a baseline.  An alternative subset of this list that is based on UE interest or configured by the network could also be optionally considered.
What slice info is provided to the UE
Slice info provides either the slice available in the cells of the different frequencies in a region or the priority of the frequency or both.  The following is what we understood of the slice info needed for each of the options:
	Solution
	Slice specific frequency priorities of neighbour frequencies (inter-freq cells) in the current cell
	Slice availability (i.e. supported slice) of neighbour frequencies (inter-freq cells) in the current cell
	Slice availability (i.e. supported slice) of serving cell/frequency

	Option 4
	Yes
	No
	Yes

	Option 5
	No
	Yes
	Yes

	Option 6
	Yes/No (Optional)
	Yes/No (Optional)
	Yes/No (Optional)

	Option 7
	Yes
	Yes
	Yes



Frequency priority 
Option 4 provides the frequency priority for a slice in two components – the slice priority and the frequency priority for the slice.  Option 7 uses a one step approach where the slice priority is an implicit part of the frequency priority. It does not seem essential to have the two step handling – of assigning a priority for a slice and a priority for the frequencies for each of the slices. Having only the priority for the frequencies for each of the slices also seems to achieve this (as in option 7) as we have shown below:
The operator can set different frequency priority for URLLC for freq_A, freq_B and freq_C. the slice priority is embedded in the frequency priority setting:
· Slice_URLCC -> [freq_A, freq_B, freq_C] -> [6,5,7]
· Slice_eMBB -> [freq_A, freq_B, freq_C, freq_D, freq_E] -> [3,3,2,4,4]
If the UE supports eMBB and URLLC, the frequency priority determination in Option 7 will pick [freq_C (7), freq_A (6), freq_B (5), freq_D(4), freq_E(4)]
If the UE supports only eMBB, the frequency priority determination in Option 7 will pick [freq_D (4), freq_E (4), freq_A (3), freq_B(3), freq_C(2)]
Some companies claim it can be used to providing UE specific slice priorities.  As it has already been agreed that slice information can be provided over dedicated signalling and it overrides the broadcast ones, UE specific priorities can also be provided using the implicit method mentioned in option 7.  
On the other hand, we understand there is some benefit in having the two step approach – it allows better scalability than what the 8 priority levels that are available today allows and majority of the companies prefer the two step approach.  
As companies feel that these benefits are useful over the additional complexity of processing a two step approach of providing slice priority and frequency priority, it is proposed:
Proposal#5:  A two step approach (of slice priority and frequency priority) for providing frequency priority is used – the slice priority and a frequency priority for the slice.
Slice availability
Option 7 provides the slices available in the inter-freq neighbouring cells.  The UE is thus aware of the slices available in all the available frequencies and use this to determine the priority of each frequency as mentioned in next section without having to read the SIBs of the neighbouring frequency cells.  This is similar to the behaviour today, where the UE is provided with the priority of inter-frequencies and uses this for cell reselection.
For Option 4, our understanding is that the Slice info only contains the slice specific frequency priority per frequency and does not include the slice supported in neighbouring frequencies.  The table provided for option 4 in the email discussion mentions “Supported-Freq-x” as part of the Slice info for slice 1.  It is not clear to us whether this indicating which frequencies the slice is available in that particular geographical region or it is a list that valid across the PLMN.  
If it is providing the frequencies the slice is available in that particular geographical region, then it is the same as option 7 in our understanding.  If so, we don’t understand the need for the loop to find out which slices are available in the frequency.  
The rest of the discussion assume that it is not providing frequencies the slice is available in that particular geographical region.  
Without providing the slice availability of neighbour frequencies, the UE will have to read the SIB1 of the neighbour inter-freq cell on different frequency to get the information on which slices are available on that cell.   
This is not the current UE behaviour and incurs delay, additional UE power and disruption. In Phase 1, the response from the proponent is that this is already done for cell reservation/barring and also TAC, but this is part of the suitability check after the UE selects the cell. It is not clear to us why slice availability cannot be made available for neighbour frequencies in each cell so UE does not have to read the SIB of another cell to obtain this information.   
For Option 6 (i.e., option 6 without fallback to Option 4 and 5) in our understanding, both slice specific frequency priorities of neighbour inter-frequencies and slice availability of neighbour inter-frequencies are provided to the UE in the current cell. This is the same for Option 7.  On top of that, Option 6 also provides the slice availability per PCI. However, it is still not clear to us what is the benefit of providing slice availability per PCI.
In order to prevent having the same priority over all the frequencies in an homogeneous deployment and to avoid UE having to read the SIB1 of a neighbour inter-frequency cell before camping on it, both the slice specific frequency priorities of neighbour frequencies and the slice availability (i.e. supported slice) of neighbour frequencies/cell should be provided in the current cell of the UE.
Proposal#6: The solution should provide the slice specific frequency priorities of neighbour inter-frequencies and the slice availability (i.e. supported slice) of inter-frequency cells in the current cell of the UE.
Slice availability in neighbouring inter-frequency cell may not be fully accurate if the inter-frequency cells don’t overlap fully at a region border where the supported slices differ between regions.  Such misalignment can happen for many cases and we don’t think enhancements are essential to address this corner case issue.  
Identification of the available slices for frequency prioritisation and frequency priority determination
The following is what we understood of how the frequency priority is determined for each of the options:
	Solution
	Proposal

	Option 4
	The frequency priority of each frequency is set according to the frequency priorities of the slice selected and the loop through the slice list until the selected slice is found in the highest ranked cell of a frequency

	Option 5
	The frequency priority of each frequency is set according to the legacy cell reselection priorities but the frequency/frequencies which contains the most number of allowed NSSAI will be set to the highest frequency priority

	Option 6
	The frequency priority of each frequency is set according to the frequency priorities of the highest priority slice and if the highest ranked cell does not contain the highest priority slice, the frequency priority of the frequency of the highest ranked cell is set to the priority value of the highest priority slice supported by both the UE and the highest ranked cell.

	Option 7
	The frequency priority of each frequency is set to the highest frequency priority amongst the slices that are the intersection of the available slices in the slice info and the configured slices



For Option 5, the frequency priority determination is based on determining the frequency/frequencies that contain the maximum number of slices supported. The use case of Option 5 seems to be that the slices are of equal priority as its prioritisation is based on maximising the number of slices.  However, if a frequency offers a higher priority slice but one less slice than other frequency, it will not be possible for the UE to prioritise the frequency with the higher priority slice.  Hence this may not meet the requirement. For homogenous deployments where all the cells of the RA support the same set of slices, this option will prioritise all the frequencies equally. 
Observation#1: For Option 5. if a frequency offers a higher priority slice but one less slice than other frequency, it will not be possible for the UE to prioritise the frequency with the higher priority slice.  Also if there are multiple frequencies supporting the max number, this option will prioritise all the frequencies equally.
As in Section 2, Option 4 and 6 are based on a Slice list provided by the network (details FFS), while Option 5 is based on allowed NSSAI and Option 7 is based on Configured NSSAI.  
For Option 4, as the slices available in neighbouring frequencies is not broadcast, the UE checks whether the selected slice (i.e. the highest priority slice) is available in the highest ranked cell of a frequency by reading the SIB1 every time the highest ranked cell of a frequency is found. If not, it will scan for the next priority frequency to check for the slice availability.  This scan eventually results in the UE camping on the highest priority frequency of the highest priority slice available.
Option 6 follows Option 4 if slice availability of neighbour inter-frequencies is not provided (this depends on the option 6 variant) and if slice availability of neighbour inter-frequencies is provided by the current cell, the UE find the intersection between the slice list and the slice supported by the highest ranked cell and the frequency of the highest ranked cell will be set to the frequency priority of the highest priority slice.  
Similarly for Option 7, the UE identifies the available slices in UEs Configured NSSAI list (i.e., the slices that are the intersection of the available slices in the slice info and the configured slices) for each frequency and then assigns the priority of the frequency associated with the highest frequency priority value (i.e. the highest priority slice available for that frequency).  This frequency priority is used by legacy UE cell reselection.  This results in the UE camping on the highest priority frequency of the highest priority slice available.
For Option 5, it is also identifying the slices that are available in the region among the allowed NSSAI, instead of the Slice list or the Configured NSSAI. And assigning the highest priority to the frequency with most supported slices.  
Observation#2: In all solutions, it consists of identifying the slices that are available in the region from a Slice list in NAS (FFS slice list in option 4, Allowed NSSAI for Option 5, Configured NSSAI for Option 7)
Observation#3: For Option 4, 6 and 7, slice specific cell reselection priorities are applied and the frequency priority of a neighbour inter-frequency is set to the priority value of the highest priority slice supported by both the UE and the frequency.  Option 4 does this through the loop scanning each frequency for the availability of the highest priority slice.  Option 7 does this by taking the highest priority for the available slice based on what is broadcast.  
Observation#4: In all three options 4, 6 and 7, the end result is that the UE camps on the highest priority frequency of the highest priority slice available.
Proposal#7: The frequency priority of a neighbour frequency is set to the priority value for the frequency of the highest priority slice supported by both the UE and the frequency
Interaction with legacy cell reselection, including inter-RAT cell reselection
For Option 7, after the frequency priority determination, the UE will have determined the frequency priority for each NR frequency that can be reselected. The UE performs the legacy cell reselection.  Inter-RAT frequencies can re-use the existing allocation of frequency priority and no additional changes are needed. 
For Option 5, after determining the frequency/frequencies that supports the maximum number of slices supported by the UE and setting this frequency/these frequencies to the highest frequency priority, the UE can also perform the legacy cell reselection.  This behaviour is similar to making MBMS carrier highest priority in LTE.  With this approach, there is no interaction with inter-RAT cell reselection prioritization – that is, it is not possible to make an inter-RAT cell a higher priority when slice based prioritisation is being deployed in NR.
For Options 4 and 6, due to the looping through the frequencies and possibly the slice in the slice list, a few issues are not clear to us.  For example, 
· What is the interaction with legacy cell reselection procedure (that also considers frequency prioritisation); what happens after the completion of the loop (i.e., the exit mentioned in the steps) – does the legacy cell reselection continue to run?  The loop seems to be an outer process with the legacy cell reselection being called within each loop.  What is the trigger to start the scanning loop for option 4 and 6 –  when does the UE trigger the search loop again?    How inter-RAT cell reselection can take place within the loop - is it not possible to make an inter-RAT cell a higher priority when slice based prioritisation is being deployed in NR ?  
Observation#5: Option 5 and 7 determines the frequency priority setting for the NR frequencies before performing the legacy cell reselection procedure (with inter-RAT cell reselection). For Option 4 and possibly 6, due to the looping over the frequencies and slice, it is unclear how the legacy cell reselection procedure (with inter-RAT cell reselection) is performed.
To minimise changes to the fundamental reselection procedure that existed since LTE, and to avoid unexpected errors due to changes to this fundamental behaviour, it is proposed:
Proposal#8: The slice based cell reselection procedure re-uses the legacy cell reselection procedure (including inter-RAT cell reselection handling).
Conclusion
It is requested that RAN2 agreed to the following proposals and observations:
Proposal#1: RAN2 should discuss and decide on the individual functions that make up the solution rather than just take a decision on the overall solution option.
Proposal#2:  The definition of slice list is not totally left to SA2.  RAN2 should first decide the purpose of and contents of the slice list as part of the overall solution.  
Proposal#3: Allowed slices is not sufficient for slice based cell reselection.
Proposal#4: Configured NSSAI is used the Slice list as a baseline.  An alternative subset of this list that is based on UE interest or configured by the network could also be optionally considered.
Proposal#5:  A two step approach (of slice priority and frequency priority) for providing frequency priority is used – the slice priority and a frequency priority for the slice.
Proposal#6: The solution should provide the slice specific frequency priorities of neighbour inter-frequencies and the slice availability (i.e. supported slice) of inter-frequency cells in the current cell of the UE.
Observation#1: In all solutions, it consists of identifying the slices that are available in the region from a Slice list from NAS (FFS slice list in option 4, Allowed NSSAI for Option 5, Configured NSSAI for Option 7)
Observation#2: For Option 4, 6 and 7, slice specific cell reselection priorities are applied and the frequency priority of a neighbour frequency is set to the priority value of the highest priority slice supported by both the UE and the frequency/highest ranked cell of the frequency.  Option 4 does this through the loop scanning each frequency for the availability of the highest priority slice.  Option 7 does this by taking the highest priority for the available slice based on what is broadcast 
Observation#3: For Option 4, 6 and 7, slice specific cell reselection priorities are applied and the frequency priority of a neighbour inter-frequency is set to the priority value of the highest priority slice supported by both the UE and the frequency.  Option 4 does this through the loop scanning each frequency for the availability of the highest priority slice.  Option 7 does this by taking the highest priority for the available slice based on what is broadcast.  
Observation#4: In all three options 4, 6 and 7, the end result is that the UE camps on the highest priority frequency of the highest priority slice available.
Proposal#7: The frequency priority of a neighbour frequency is set to the priority value for the frequency of the highest priority slice supported by both the UE and the frequency
Observation#5: Option 5 and 7 determines the frequency priority setting for the NR frequencies before performing the legacy cell reselection procedure (with inter-RAT cell reselection). For Option 4 and possibly 6, due to the looping over the frequencies and slice, it is unclear how the legacy cell reselection procedure (with inter-RAT cell reselection) is performed.
Proposal#8: The slice based cell reselection procedure re-uses the legacy cell reselection procedure (including inter-RAT cell reselection handling).
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