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Introduction 
There is an email discussion to discuss the FFSs that were not resolved in the last meeting on the steps in sliced based cell reselection:
Agreements
1: Solution Option 4 is selected for further work i.e., resolve the FFSs, send any required LSs and consequently start to draft specification CRs

2	Following is taken as the baseline for Solution Option 4:
The “slice info” (for a single slice or slice group) agreed to be provided to the UE in the last RAN2 meeting using both broadcast and dedicated signaling are provided for the serving as well as neighboring frequencies. The following steps are used for slice based cell (re)selection in AS:

Step 0: NAS layer at UE provides slice information to AS layer at UE, including slice priorities. 
Step 1: AS sorts slices in priority order starting with highest priority slice.
Step 2: Select slices in priority order starting with the highest priority slice.
Step 3: For the selected slice assign priority to frequencies received from network.
Step 4: Starting with the highest priority frequency, perform measurements (same as legacy).
Step 5: If the highest ranked cell is suitable (as defined in 38.304) and supports the selected slice in step 2 then camp on the cell and exit this sequence of operation; 
FFS: How the UE determines whether the highest ranked cell supports the selected slice.
Step 6: If there are remaining frequencies then go back to step 4.
Step 7: FFS: If the end of the slice list has not been reached go back to step 2.
Step 8: Perform legacy cell reselection.
In the contribution, the above FFSs are further discussed.
Discussion
Need of intra and inter-frequency neighbour cell list
In the last meeting, there is the following FFS:
FFS: How the UE determines whether the highest ranked cell supports the selected slice.

In our view, UE should not have to read the SIBs of neighbouring intra or inter-frequency cells during the measurement process for cell reselection.  All the information required to determine the priority of the serving frequency and inter-frequency neighbour frequencies should be provided in the current cell.  Hence slice availability (or slice support) for serving frequency and inter-frequency neighbour frequencies should be provided by the serving cell.  This is aligned with the agreement below highlighted:
2	Following is taken as the baseline for Solution Option 4:
The “slice info” (for a single slice or slice group) agreed to be provided to the UE in the last RAN2 meeting using both broadcast and dedicated signaling are provided for the serving as well as neighboring frequencies. The following steps are used for slice based cell (re)selection in AS:


UE should base on this slice info (which also contain the slice support/availability) for the serving and neighbouring frequencies to determine whether the highest rank cell supports the selected slice. 
Proposal#1: UE should not need read the SIB of a neighbour cell to determine whether the selected slice is supported by the neighbour cell and whether it can camp on the neighbour cell. UE only needs to take into consideration the slice support information provided by its current camped cell for cell reselection decision.

Regarding neighbouring cell information, we have to differentiate the discussion between neighbouring frequency level and cell level information.  It has already been agreed that neighbouring inter-frequency level information will be provided in the current cell.  Then, regarding additional cell level information, the motivation for the cell list with slice information and the corresponding UE behaviour should be clear before agreeing on the need for it.  Further, the motivation for providing intra-frequency cells and inter-frequency neighbour cells should be discussed separately.  For inter-frequency neighbour cells, whether slice support information is needed at cell level depends on what is broadcast at the frequency level.  However, there is there is no common understanding yet on how the frequency level information is broadcast or what it contains.
Observation#0: It has already been agreed that neighbouring inter-frequency level information will be provided in the current cell.  However, details of what is broadcast at frequency level is still FFS.
As there is no common understanding yet on how the frequency level information is broadcast or what it contains, we discuss two possible options below.
Option A
If all the available slices in other frequencies (i.e., the superset of the slices available in the other frequencies in the coverage area of the current cell) are indicated in the frequency level information, then cell level granularity is not essential.  For example, in the figure below, Cell 1 inter-frequency information broadcasts the slice availability in both the overlapping inter-frequency cells; that is C1 broadcasts that inter-frequency F2 provides both eMBB and URLLC that is supported by a combination of cells C3 and C2 even though cell 3 only supports eMBB.



Option A

Option B
If on the other hand, the frequency level information is not a superset (e.g., cell 1 only indicates slice eMBB for F2 in the figure below), then a cell level information is needed to inform UE that a slice (e.g., URLLC) is additionally available in C2. 



Option B
Observation#1:  For inter-frequency case, if all the available slices in other frequencies (i.e., the superset of the slices available in the other frequencies in the coverage area of the current cell) are indicated in the frequency level information (See figure below), then cell level granularity is not essential. Otherwise, cell level granularity is needed.
For intra-frequency neighbour cells, we have already agreed that UE follows the best cell principle for intra-frequency cell reselection. So the neighbour cell list does not impact final cell reselection outcome itself but it could help avoid temporary camping on cells that do not support the highest priority slice to read the SIBs.  
Observation#2:  For intra-frequency case, UE follows the best cell principle for intra-frequency cell reselection. So the neighbour cell list does not impact final cell reselection outcome itself but it could help avoid temporary camping on cells that do not support the highest priority slice.
Proposal#2: Intra and inter-frequency neighbour cell list are not essential and should be optional 
Need of Step 7 FFS: If the end of the slice list has not been reached go back to step 2.
Firstly, in our understanding, the NAS provided list should include not only the Allowed NSSAI but also Requested NSSAI which the UE may have requested during registration that are not supported in the current registration area.  We think this is essential for UE to be able to reselect to a cell in a different TA that is offering an additional slice. Even though we have sent a LS to SA2/CT1 on this, before receiving a response from SA2/CT1, RAN2 need to make an assumption that the slice list may be more than the allowed NSSAI to have the full system behaviour on slice based cell reselection.. 
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) slices eMBB and URLLC.  UE will request both slices eMBB and URLLC when registering in cell 5 in TA1.  It is provided with an Allowed list of just slice eMBB when it registered in TA1 as slice URLLC  is not available in TA1.  When the UE moves to Cell 4, it should be possible for the UE to request slice URLLC, which it can do only by reselecting to cell 2 in F2 and performing a Tracking area update.  If the UE only considered allowed slices (eMBB) for cell reselection, it will not consider cell-2 and will not be able to use slice URLLC even if it is available in another frequency in the region. 



Figure 1: Example homogeneous deployments with different slice availability in different carriers of a geographical region

Observation#3: The slice list from the NAS should be more than the allowed NSSAI (e.g. which may contain S-NSSAI that UE may have requested during registration).
If we strictly follow step 2 as stated, then in our understanding, if the highest priority slice in the UE slice list provided by NAS (i.e., URLCC) is not available in any of the frequencies in the coverage region of the UE and Step 7 is removed, the UE will fall back to legacy reselection mechanism.  That is, a consequence of not supporting step 7 in the current flow chart seems to be that UE will fall back to legacy frequency prioritisation if the highest priority slice is not found.  For example, if a UE has URLLC and eMBB in its slice list from NAS, and URLLC is not available in any of the inter-frequency cells in that geographical region, UE will fall back to legacy reselection and will not follow the slice based frequency priority for eMBB.  That is, UE will follow legacy cell reselection in all of the region that URLLC is not available.  We think this is not acceptable.  
Proposal#3: UE should not fall back to legacy cell reselection in all of the region where its highest priority slice is not available.
With the current algorithm, step 7 can avoid this fallback to legacy legacy cell reselection in all of the region where its highest priority slice is not available.  From this point of view, Step 7 is essential with the current algorithm steps. 
If Step 7 is included, there will be a need for the UE to perform multiple measurements, when the slice selected is not available and the UE has to loop through the NAS slice list that can consume a lot of power and can make the UE inaccessible during the measurements.  Hence it is best to avoid step 7 and consider alternative approach to achieve the objective of not falling back to legacy cell reselection mechanism.
Observation#4: Step 7 should be avoided as it requires UE to perform additional measurements and can consume a lot of power and can make the UE in accessible during the inter-freq measurements.
To avoid Step 7 in this case, the Step 2 needs to be updated. e think step 2 should do a “filter” to take the intersection of the slice list from NAS and available slice list (i.e., the slices in the NAS slice list that are broadcast as available in the inter-frequency cells in that region).  Then we think step 7 is not essential as UE will, in most cases, find the highest priority slice of that intersection as they are marked as available.  
Observation#5: By updating Step 2 to take the intersection of the slice list from NAS and available slice list (i.e., the slices in the NAS slice list that are broadcast as available in the inter-frequency cells in that region), step 7 can be avoided and UE will not end up in the legacy cell reselection if the highest priority slice is not present in any of the frequencies in the geographical region.
Based on Observation#5, there are 2 options:
Option 1: Step 7 is not essential if Step 2 is updated to take the intersection of the slice list from NAS and abailable slice list (i.e. the slices in the NAS slice list that are broadcast as available in the inter-frequency cells in that region)
Option 2: Step 7 is essential if Step 2 is not updated as per Observation 4

As discussed above, option 1, prevents the need to have Step 7 while option 2 consumes power and makes UE inaccessible. Hence it is proposed that RAN2 update Step 2 as in option 1.
Proposal#4: Update Step 2 as follows:
Step 2: Select slices in priority order starting with the highest priority slice from the slice list that is also signalled as available by the network via broadcast or dedicated signalling (i.e., only consider slices in the list that are available in that region in step 2).

Use of step 7 with neighbour cell list
Other than scenario above where the highest priority slice in the slice list from NAS is not available in the geographical region of the UE, another scenario where UE will not find the highest priority slice is, in the border area of the TA where the coverage of the two frequencies do not align.  For these cases, where the coverage of one cell does not exactly match the coverage of another frequency and the highest ranked cell may not support the highest priority slice (e.g. C3 in the figure below does not support URLLC which is highest priority slice for the UE while the UE moves from C1 towards C2 when it is in the region of the white mobile in the figure below), but a neighbouring cell on the same frequency might (e.g. C4 in the figure below). 


Figure 2
To detect this, the slice support of the inter-freq neighbour cell list has to be broadcast (assuming UE does not read the SIBs of neighbouring inter-frequency cells during cell reselection).  When the UE is aware that the highest ranked cell in the inter-frequencies does not actually support the highest priority slice (as inferred from the inter-frequency neighbour cell list), the UE can consider the next highest priority slice using step 7. That is, with filtering in step 2 mentioned above, step 7 is only useful along with cell list. 


Figure 3: Inter-frequency neighbour cell is provided to indicate the cell not aligned to the frequency level information
A consequence of not supporting step 7 in the current flow chart seems to be that UE will fall back to legacy frequency prioritisation if the highest priority slice is not found in other cells of the region (also as discussed above).  And this (non-availability of the highest priority slice) can also happen at TA borders as mentioned above due to misaligned coverage.  We don’t think falling back to legacy frequency prioritisation if the highest priority slice is not available is a good approach as it can happen at TA borders.  
Other than using Step 7 with inter-frequency neighbour cell, another option which we think is better is for the UE to continue to camp on the cell in that carrier (i.e. C3) as the highest priority slice will be available when the UE subsequently moves to the neighbouring cell (i.e. C4).  This option neither require step 7 nor the inter-frequency neighbour cell list as in Figure 1.  
Hence, assuming that Step 2 is “filter” to take the intersection of the slice list from NAS and available slice list (i.e., the slices in the NAS slice list that are broadcast as available in the inter-frequency cells in that region), we don’t think Step 7 is essential but if RAN2 think this Step 7 is useful, we should look for solutions that do not require additional measurements and should avoid ping-pongs. 
Observation#6:  Assuming that Step 2 is “filter” to take the intersection of the slice list from NAS and available slice list and inter-frequency cell list is not provided, Step 7 is not essential as the UE can camp temporarily on a cell that does not support the highest priority slice as it will be available when the UE subsequently moves to the neighbouring cell.
However, if inter-frequency neighbour cell list for slice support is provided, there is some benefit to have Step 7 so that UE does not fallback to legacy cell reselection priority which will mean that the UE will not execute the slice based cell reselection. 
Interaction with legacy cell reselection, including inter-RAT handling
With Option 4 being taken as the baseline, 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 –  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 ?  
Our understanding is that the looping through the slice list is just a form of modelling to determine the frequency priorities for NR and legacy cell reselection included in the different clauses for cell reselection are still applied, including the inter-RAT handling (Clauses 5.2.4.2 [Measurement rules], 5.2.4.3 [Mobility States], 5.2.4.4 [Cell restriction], 5.2.5.5 [priority cell reselection criteria], 5.2.4.6 [cell ranking], 5.2.4.8 [Inter-RAT cell reselection in RRC_Inactive state] and 5.2.4.9 [Relax measurement]). Clause 5.2.4.2 [Measurement rules] are used to initiate the slice based cell reselection, Without this, it is unclear of how the slice based cell reselection is initiated. During the slice based cell reselection, when the UE is going through one loop related to a selected slice, the legacy cell reselection mechanism has to apply together with inter-RAT handling.  This means that the frequency priorities for the selected slice is also handled together with inter-RAT cell reselection priorities when the UE triggered by Clauses 5.2.4.2 [Measurement rules] is searching for a suitable cell based on the cell reselection criteria in Clauses 5.2.4.5 [priority based cell reselection criteria involving inter-frequency and inter-RAT cells) and 5.2.4.6 (cell ranking for intra-frequency cell). If inter-RAT cells are not considered when the UE is applying slice based cell reselection, it will not perform inter-RAT cell reselection at all which does not seem to be logical.
Observation#7: Clauses in 5.2.4.2 to 5.2.4.9 in TS38.304 are all applicable to slice based cell reselection respectively for the following reasons:
· Measurement rules are needed to initiate the slice based cell reselection
· Mobility states are to adjust the Treselection during slice based cell reselection
· Cell restriction are needed to consider a cell is suitable
· Priority based cell reselection criteria and cell ranking are needed for slice based cell reselection for intra-NR and inter-RAR reselection
· The same relax measurement is applied for slice based cell reselection
Proposal#5: The slice based cell reselection procedure re-uses the legacy cell reselection procedure (including inter-RAT cell reselection handling) as specified in Clause.5.2.4.2 to 5.2.49 in TS38.304
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Proposal#1: UE should not need read the SIB of a neighbour cell to determine whether the selected slice is supported by the neighbour cell and whether it can camp on the neighbour cell. UE only needs to take into consideration the slice support information provided by its current camped cell for cell reselection decision.
Observation#0: It has already been agreed that neighbouring inter-frequency level information will be provided in the current cell.  However, details of what is broadcast at frequency level is still FFS.
Observation#1:  For inter-frequency case, if all the available slices in other frequencies (i.e., the superset of the slices available in the other frequencies in the coverage area of the current cell) are indicated in the frequency level information (See figure below), then cell level granularity is not essential. Otherwise, cell level granularity is needed.
Observation#2:  For intra-frequency case, UE follows the best cell principle for intra-frequency cell reselection. So the neighbour cell list does not impact final cell reselection outcome itself but it could help avoid temporary camping on cells that do not support the highest priority slice.
Proposal#2: Intra and inter-frequency neighbour cell list are not essential and should be optional 
Proposal#3: UE should not fall back to legacy cell reselection in all of the region where its highest priority slice is not available.
Observation#4: Step 7 should be avoided as it requires UE to perform additional measurements and can consume a lot of power and can make the UE in accessible during the inter-freq measurements.
Observation#5: By updating Step 2 to take the intersection of the slice list from NAS and available slice list (i.e., the slices in the NAS slice list that are broadcast as available in the inter-frequency cells in that region), step 7 can be avoided and UE will not end up in the legacy cell reselection if the highest priority slice is not present in any of the frequencies in the geographical region.
Proposal#4: Update Step 2 as follows:
Step 2: Select slices in priority order starting with the highest priority slice from the slice list that is also signalled as available by the network via broadcast or dedicated signalling (i.e., only consider slices in the list that are available in that region in step 2).
Observation#6:  Assuming that Step 2 is “filter” to take the intersection of the slice list from NAS and available slice list and inter-frequency cell list is not provided, Step 7 is not essential as the UE can camp temporarily on a cell that does not support the highest priority slice as it will be available when the UE subsequently moves to the neighbouring cell.
Observation#7: Clauses in 5.2.4.2 to 5.2.4.9 in TS38.304 are all applicable to slice based cell reselection respectively for the following reasons:
· Measurement rules are needed to initiate the slice based cell reselection
· Mobility states are to adjust the Treselection during slice based cell reselection
· Cell restriction are needed to consider a cell is suitable
· Priority based cell reselection criteria and cell ranking are needed for slice based cell reselection for intra-NR and inter-RAR reselection
· The same relax measurement is applied for slice based cell reselection
Proposal#5: The slice based cell reselection procedure re-uses the legacy cell reselection procedure (including inter-RAT cell reselection handling) as specified in Clause.5.2.4.2 to 5.2.49 in TS38.304





image1.emf
C1

C2 C3

TA boundary

F1

F2

F2: eMBB, URLLC

F1: eMBB

F2: eMBB

F1: eMBB

F2: eMBB, URLLC

F1: eMBB


Microsoft_Visio_Drawing.vsdx
C1
C2
C3
TA boundary
F1
F2
F2: eMBB, URLLC
F1: eMBB
F2: eMBB
F1: eMBB
F2: eMBB, URLLC
F1: eMBB



image2.emf
C1

C2 C3

TA boundary

F1

F2

F2: eMBB, URLLC

F1: eMBB

F2: eMBB

F1: eMBB

F2: eMBB

F1: eMBB


Microsoft_Visio_Drawing1.vsdx
C1
C2
C3
TA boundary
F1
F2
F2: eMBB, URLLC
F1: eMBB
F2: eMBB
F1: eMBB
F2: eMBB
F1: eMBB



image3.emf
C2 C3

TA boundary

F1

F2

eMBB, URLLC eMBB

C4

eMBB

C5

eMBB

TA1

TA2


Microsoft_Visio_Drawing2.vsdx
C2
C3
TA boundary
F1
F2
eMBB, URLLC
eMBB
C4
eMBB
C5
eMBB
TA1
TA2



image4.emf
C2

C5 C4

F2: eMBB, URLLC F2: eMBB, URLLC

F1: eMBB

F2: URLLC, eMBB

F1

F2

C1

C3

F1: eMBB

F2: eMBB

F1: eMBB

F2: eMBB


Microsoft_Visio_Drawing3.vsdx
C2
C5
C4
TA boundary
F2: eMBB, URLLC
F2: eMBB, URLLC
F1: eMBB
F2: URLLC, eMBB
F1
F2
C1
C3
F1: eMBB
F2: eMBB
F1: eMBB
F2: eMBB



image5.emf
C2

C5 C4

F2: eMBB, URLLC F2: eMBB, URLLC

F1: eMBB

F2: URLLC, eMBB

F2: C3 {eMBB}

F1

F2

C1

C3

F1: eMBB

F2: eMBB

F1: eMBB

F2: eMBB


Microsoft_Visio_Drawing4.vsdx
C2
C5
C4
TA boundary
F2: eMBB, URLLC
F2: eMBB, URLLC
F1: eMBB
F2: URLLC, eMBB
F2: C3 {eMBB}
F1
F2
C1
C3
F1: eMBB
F2: eMBB
F1: eMBB
F2: eMBB



