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1. Introduction
During the last RAN2 #116-e meeting [1] , and email discussions [2][3], issues related to slice based cell reselection were discussed, e.g., the granularities of slice groups for cell reselection and UE behaviours.
In this contribution, the discussions are mainly about the remaining issues of slice based cell reselection.
2. Discussion
2.1 Discussion on the details of slice grouping
During the RAN2 #116e meeting, an LS [4] was discussed sent to SA2 and RAN3 for answering the aspects of slice group and slice priority as below:
1. SA2 would like to understand from RAN2 perspective, whether it is possible that a network slice can be associated to none, one or more slice groups?
RAN2 Answer: A slice can be associated to none or only one slice group. From RAN2 perspective, it is allowed to not associate a slice to any of the slice groups.
2. Does RAN2 intend to use the slice groups only for cell reselection or also for slice based RACH and if for both would RAN2 require different type of slice groups or is one type of slice group enough?
RAN2 answer: RAN2 aims to use slice groups for both cell reselection and slice based RACH. This means slice to slice-group configuration is common to cell reselection and RACH. Configuration of whether to use slice-specific cell reselection or slice specific RACH is up to network configuration (i.e. some slice groups may use cell reselection but not RACH, some may use RACH but not cell reselection, some may use both).
3. What are the granularities of the slice groups for cell reselection, i.e. per TA or PLMN?
RAN2 answer: RAN2 understanding is that the granularities of the slice groups are per TA but RAN2 details are FFS.
4. With regards to the logic of network slice priority for cell reselection; SA2 wonder if the UE NAS prioritization should consider network slice registration status (i.e. selecting among registered network slices from the Allowed NSSAI or also not yet registered network slices?
RAN2 answer: RAN2 understands it is up to SA2/CT1 whether to consider the slice registration status. From RAN2 perspective, both registered slices and not yet registered slices can be considered for the slice priority.

Furthermore, RAN2 confirms the following understanding and expects SA2, RAN3 and CT1 to take into account for future work: 
Mapping between slice and slice group should be consistent between serving cell and UE, in order to avoid misunderstanding of system information.
This section is mainly about some open issues of slice grouping.
2.1.1  Slice info per TA granularity
The mapping relationship between slice group ID and S-NSSAI(s) contains slice group ID values and the corresponding mapped S-NSSAI value(s). The mapping relationship can be provided by CN. It can be UE-specific or Non-UE-specific. That is, CN can configure the mapping relationship according to the Allowed/Configured/Subscribed NSSAI, or the actual network slice deployment.
In the last meeting RAN2 #116-e meeting，some agreements have been reached as below:
1: A network slice can be associated to none or only one slice group.
3: Working assumption: The granularities of the slice groups for cell reselection are per TA. FFS on the details (e.g. how to resolve TA boundaries).
For UE-specific mapping configuration, it is assumed that the mapping relationship remains unchanged in a given area in order to reduce the necessity of changing RRC states frequently to acquire the mapping relationship. According to the above agreements, the valid area of the mapping relationship could be TA level, i.e. the mapping relationship may be configured based on the Allowed NSSAI, and should update with the TAU procedure. However, it is not good for inter-TA cell reselection.
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Figure 1. Cell reselection based on TA-level slice groups
According to TS 38.304 [5], for the measurement rules for cell reselection, the UE compares the broadcasted reselection priority of the current NR frequency with that of the NR inter-frequency. Then for slice based cell reselection, it is intuitive for the UE to compare the priority of the current NR frequency with that of the NR inter-frequency based on one specific slice group which is valid in the certain TA.
As shown in Figure 1, assuming that the UE camps on cell#1 of TA#1, whose neighboring TA are TA#2 and TA#3. For the mentioned TAs, several slice group IDs are supported respectively. Note that, the same slice group ID may be reused by different TAs due to the granularities of valid area are per TA, just like Slice Group#1 of TA#1 and Slice Group#1 of TA#2 in Figure1, which probably has different cell reselection priorities on the specific frequency (e.g. F2). The UE needs to perform cell reselection based on one slice group ID, and if the intended slice group ID is duplicate in UE NAS, the UE may be confused that which is the real one to use.Therefore, it is necessary to provide the UE with the mapping relations and their valid TACs by CN.
Proposal 1: It is proposed to provide the UE with the mapping relations and their valid TACs by CN for inter-TA cell reselection.

For example, suppose the intended slice group is Slice Group#1 of TA#2, then the UE needs to compare the priorities of the serving frequency (e.g. F1) and its neighboring inter-frequencies (e.g. F2, F3) in order to perform measurements based on the broadcasted slice-specific cell reselection info. But if following the current design of cell reselection info for slice, it is difficult for the UE to determine the priorities of the specific frequencies corresponding to Slice Group#1 of TA#2 only by indexing with Slice Group#1.
Proposal 2: It is proposed to add the association of slice group IDs and their valid TACs in the slice-specific cell reselection info for inter-TA cell reselection.
Observation 1: Based on the slice-specific cell reselection info, the UE may exclude some cells whose PCIs are not presented in the PCI list when evaluating the highest ranked cell.

If the highest ranked cell the UE evaluated is suitable, the UE starts to receive its broadcasted SI and can determine whether to camp on it according to the TAC in SIB1, i.e. when the TAC in SIB1 is the same as the one associated with the intended slice group ID, the UE will continue the cell reselection procedure.
Proposal 3: The UE can determine whether to camp on the highest ranked cell based on the TAC received in its SIB1.
2.1.2  Slice info per PLMN granularity
In SA2#148-e meeting report [6], there were some discussions on slice priority and slice groups. In SA2, the per TA-granularity and per PLMN-granularity approaches were discussed, even if RAN2 prefers per TA-granularity, it may cause some issues from the CN perspective, and there may be a lot of signallings between CN and UE.
We understand that SA2 should decide on the granularities for slice group configuration, and then RAN2 will work on details. In section 2.1.1, we mainly discuss RAN2 impacts on per TA-granularity, and we also provide our analysis about per PLMN-granularity in this section.
For per PLMN-granularity, the slice group will be unique in a PLMN area, so the size should be large enough. However, the slice group is introduced to enable fast access from RAN2 point of view, and the large size of slice group may not be useful because the granularity of slice based cell reselection parameters and the limitation of RACH resources. As a compromise, we think 20 bits or even less should be enough.
Secondly, compared with per TA-granularity approach, the slice group configuration will be simplified, e.g. Proposal 1, Proposal 2, and Proposal 3 may not be needed, and the UE just receives slice group configurations from its NAS layer and use the information for Option 4 handling.
In general, for per PLMN-granularity for slice group configuration, we think that RAN2 can also work on details.

2.1.3  The number of slice groups and associated S-NSSAI(s)
Following section 2.1.1, it is required to define the size of slice group. Since the slice group is unique per TA-granularity, the size can be small, e.g. 4 bits, 8 bits or 16 bits. For the mapping between one slice group and S-NSSAIs, we think it can be left to SA2 discussions.
Proposal 4: As the base of further discussion, it is proposed that size of slice group ID could be 4 bits, 8 bits, or 16 bits.
2.1.4  Details of slice information
For slice info in SIB or RRCRelease message, it is also open about the maximum number of slice group, i.e. how many slice groups can be included for a specific frequency or for the whole message. In our understanding, the size of slice group may be large, e.g. 16 bits slice group is referring to 65536 slice groups. However, the network may only set limited slice groups and use them for fast access purpose. In general, we think it is sufficient to have at most 16 slice groups for slice info in SIB or RRCRelease message.
Proposal 5: It is proposed to have at most 16 slice groups for slice information.

So far, it is open for which SIBs should include slice information. There are two ways:
- include slice info in legacy SIBs, e.g. SIB2/SIB3/SIB4
- include slice info in new SIBs

Each option has pros/cons, and the key point is about the overhead. In other words, if the overhead of new information is not large, it should be acceptable to include slice info in legacy SIBs.
In the latest running RRC CR for RAN slicing [7] , the IE SliceInfoList has the following fields:
- There are at most maxSliceInfo-r17 (assume it is 16)
- For each slice info, there are sliceGroupID-r17, priority and sliceCellListNR-r17.
Based on above, sliceGroupID-r17: 16 bits, priority: 3+2=5 bits, sliceCellListNR-r17=8*10=80 bits. 
Table 1 shows the overhead of different configurations. For Configuration 1, one slice info needs at most 101 (16+5+80) bits so as to 16 sliceInfo is 1616 bits. Considering that there are 6 frequencies deployed, the total overhead is 9696 bits. The example of its SliceInfoList is presented in following tables.
	Index of Configurations
	Number of frequencies
	Number of sliceInfo
	For each slice info
	Total overhead

	[bookmark: _GoBack]1
	6
	16
	(8 cells for each slice)
101 bits
	9696 bits

	2
	6
	16
	(2 cells for each slice)
41 bits
	3936 bits

	3
	6
	4
	(2 cells for each slice)
41 bits
	984 bits

	4
	6
	4
	(4 cells for each slice)
61 bits
	1464 bits

	5
	4
	2
	(2 cells for each slice)
41 bits
	328 bits


Table 1. The overhead based on different configurations

	Slice-Info List

	Supported-on-Freq1
	Slice-Group Id-1
	Freq1-priority1
	Freq1-PCI List 1

	
	Slice-Group Id-2
	Freq1-priority2
	Freq1-PCI List 2

	
	…
	…
	…

	
	Slice-Group Id-16
	Freq1-priority16
	Freq1-PCI List 16

	Supported-on-Freq2
	Slice-Group Id-1
	Freq2-priority1
	Freq2-PCI List 1

	
	Slice-Group Id-2
	Freq2-priority2
	Freq2-PCI List 2

	
	…
	…
	…

	
	Slice-Group Id-16
	Freq2-priority16
	Freq2-PCI List 16

	…
	…
	…
	…

	Supported-on-Freq6
	Slice-Group Id-1
	Freq6-priority1
	Freq6-PCI List 1

	
	Slice-Group Id-2
	Freq6-priority2
	Freq6-PCI List 2

	
	…
	…
	…

	
	Slice-Group Id-16
	Freq6-priority16
	Freq6-PCI List 16


Table 2. The example of Configuration 1
It can be seen from the above table that the total overhead varies as the configurations vary. Configuration 5 corresponds to 4 frequencies, 2 sliceInfo and 2 cells for each slice, the total overhead is 328 bits.
In our opinion, the benefits of including slice info in legacy SIBs are observed:
(1) it has less impacts than introducing a new SIB
(2) all slice related info is captured in SIB2/SIB3/SIB4, so the extra overhead is distributed in these SIBs
(3) as analysed above, the overhead depends on network configuration and it can be small in some cases. If the overhead is really large, some means can be considered by the network, e.g. dedicated RRC message, on-demand SI mechanism
Proposal 6: It is proposed to include slice info in legacy SIBs.

2.2 Discussion on UE behaviour in slice based cell reselection 
One remaining issue for Option 4 is whether to keep Step 7, i.e., “If the end of the slice list has not been reached go back to step 2”. Based on our understanding, RAN can indicate the UE whether to perform Step 7 or the limit times of iterations. It may make the implementation of Option#4 more flexible and be helpful to reach consensus on this issue.
Proposal 7: It is proposed that RAN can indicate the UE whether to perform Step 7 or the limit times of iterations.
According to the email discussion [3], one question is that “Q3: Do you have proposals to solve these issues? (Can also propose new/draft text proposal inline in Word comments in Annex A)”. Regarding to UE behaviour of “fallback to legacy reselection”, we think that after the fallback, the UE will perform legacy cell reselection and select a suitable cell, so this cell reselection is over. When the RRC status of the UE returns to Idle or Inactive, the UE is going to start slice based cell reselection again.
Proposal 8: It is proposed that after the fallback, the UE will perform legacy cell reselection and select a suitable cell, so this cell reselection is over.
3. Conclusion
In this contribution, we mainly discuss the remaining issues of slice based cell reselection. We get the following observations and proposals.
Observation 1: Based on the slice-specific cell reselection info, the UE may exclude some cells whose PCIs are not presented in the PCI list when evaluating the highest ranked cell.
Proposal 1: It is proposed to provide the UE with the mapping relations and their valid TACs by CN for inter-TA cell reselection.
Proposal 2: It is proposed to add the association of slice group IDs and their valid TACs in the slice-specific cell reselection info for inter-TA cell reselection.
Proposal 3: The UE can determine whether to camp on the highest ranked cell based on the TAC received in its SIB1.
Proposal 4: As the base of further discussion, it is proposed that size of slice group ID could be 4 bits, 8 bits, or 16 bits.
Proposal 5: It is proposed to have at most 16 slice groups for slice information.
Proposal 6: It is proposed to include slice info in legacy SIBs.
Proposal 7: It is proposed that RAN can indicate the UE whether to perform Step 7 or the limit times of iterations.
Proposal 8: It is proposed that after the fallback, the UE will perform legacy cell reselection and select a suitable cell, so this cell reselection is over.
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