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1. Introduction
At SA#96 the following CRs from SA2#150 were approved

	S2-2203620 
	CR 
	23.501 CR3317R5 (Rel-17, 'B'): Enabling slice priority and slice groups for RRM purposes 
	Ericsson 
	Rel-17 

	S2-2203618 
	CR 
	23.501 CR3539R3 (Rel-17, 'B'): Enabling configuration of Network Slice AS Groups 
	Nokia, Nokia Shanghai Bell, CMCC, NEC, Verizon UK ltd, ZTE, InterDigital, Xiaomi, LGE, Samsung 
	Rel-17 

	S2-2203619 
	CR 
	23.502 CR3300R3 (Rel-17, 'B'): Enabling configuration of Network Slice AS Groups 
	Nokia, Nokia Shanghai Bell, CMCC, NEC, Verizon UK ltd.,ZTE, InterDigital, Xiaomi, LGE, Samsung 
	Rel-17 



However, S#96 also acknowledged there was more work to do on these and issued the following guidance to SA2#152:
	[bookmark: _Hlk106627974]TSG SA#96 asks SA WG2 to work on clarifying NR_Slice_Core in Q3. SA WG2 is asked to work on clarifying the Random access behaviour and how the NSAG priority is formed. Additionally, the sentence describing how Cell Reselection is disabled if the NSAG priorities are not sent should be clarified. Impacts on RAN shall be avoided. Interested companies also need to ensure that the corresponding stage 3 aspects are finalized at TSG CT#97.)



Indeed, the Random Access behaviour description is missing, there are some clarifications required on some text and most importantly it is totally opaque and unclear how a NSAG priority is determined and what relation it has to the actual intended slice for the UE.
For the aspects subject of this paper and the SA#96 guidance, the FS_NR_slice objective was (see RP-201612):
	Study mechanisms to enable UE fast access to the cell supporting the intended slice, including [RAN2]
a.	Slice based cell reselection under network control
b.	Slice based RACH configuration or access barring



Then, in the course of the study, RAN2 discussed the concept of intended slice but concluded it is not in their scope and so we need to figure out and specify in SA2 how the intended slice is linked to the NSAG and NSAG priority. RAN2 relies on SA2 to do so.



If SA2 does not converge on the definition of intended slice, then the goal of the NR_slice work is not achieved. Indeed, this would result in choosing the wrong frequency band or use the wrong RACH resources for the UE, where the definition of "correct" is "The RACH resources and the band that the UE shall select are corresponding to the RACH resources and the preferred band for the intended slice". 
This paper proposed the rationale for selection of the Intended Slice and how this is implemented in the updates of TS 23.501 and TS23.502 necessary to meet the guidance by SA#96.
NOTE: 	recent CT1 CRs change the split between NAS and AS. (see C1-224295 " Reply LS on Slice list and priority information for cell reselection"). Since this impacts the existing text in TS23.501, we propose also to update the TS so we no longer refer to the split between NAS and AS inside the UE.
2. Discussion 
In order to proceed with the update of the TSs to meet the SA#96 Guidance, it is in order to first and foremost agree on the concept of "Intended Slice" which has been the motivation of the work in RAN2.
From our perspective, the intended slice is a synonym for "the most important slice" for the UE at the time that the Network Slice- based Cell Reselection and Random-Access attempt are being undertaken. It should be noted that the relevant network slices can be any of the configured network slices (i.e. those associated with the S-NSSAIs in the Configured NSSAI) in the UE (and not just the network slices associated with the S-NSSAIs in the Allowed NSSAI). This is because the access attempts can be triggered by registration messages for network slices not yet in the allowed NSSAI which are in the Requested NSSAI, and also because the TS 23.501 (as of SA#96) already requires that the Slices in the Requested NSSAI not yet in the Allowed NSSAI can drive network slice-based cell reselection before the Registration request with the new Requested NSSAI is sent.
For sake of completeness of our evaluation in SA2(because there is no intention in this paper to promote the concept the UE autonomously decides the intended slice), it is to be discussed whether and how the UE can detect the importance of a network slice among the network slices that it is allowed or is requesting to use.
A S-NSSAI per se is just a string of bits the UE has no intelligence about. The S-NSSAI can part of a RSD rule in URSP and this rule may be associated with a priority value, but this priority value is related to any alternative RSD rule for the matched TD of the URSPs. So, this is not really a measure of the importance of a network slice across the possible allowed or requested slices for the UE. Even by considering a standardized SST, it is questionable that a UE can infer the importance of an SST based on its semantics. e.g. it is unclear whether eMBB is more important for any UE than mIoT SST. The following table illustrates how the importance of a SST may depend on the subscription type:
TABLE 1: importance of a network slice for a subscription based on its purpose
	
	eMBB
	 mIoT
	URLLC

	Smartphone subscription
	Priority 1
	Priority 3
	Priority 2

	IoT subscription
	Priority 2
	Priority 1
	N/A

	Industrial IoT subscription
	Priority 2
	N/A
	Priority 1



Observation 1: The network slice priority for two UEs that use the same network slices can be different. 
On the other hand, if a set of applications are running in the UE, which map to a set of network slices, it is also very difficult, if not impossible, for the UE to figure out the relative importance of these applications and derive from these the importance of the related connectivity (at most a UE can assume to be important applications which most recently sent/received data but these are arbitrary criteria as some applications running waiting for MT notifications may also be important, still they may transmit no data for a long time) . Even if a vertically integrated UE could have internally a ranking of applications by configuration, we cannot generalize this to all UEs in a repeatable and vendor and application domain independent way.
In short, we can conclude that:
	Conclusion 1: An autonomous decision by the UE on which slice is the most important at a given time is not possible when more than one application is running using different network slices. Even, a single application may be using more network slices at the same time (match >1 TD) and it is not possible to decide which of the these is more important for the application.



With this, we can focus on the already assumed network-based behaviour. The SA2 CR S2-2203620 introduced in the specification the concept that the UE receives information on NSAGs the RAN broadcast in TAs which are relevant for the UE location and that the AMF determines the NSAG priorities based on local policy and passes these to the UE. The UE NAS then selects which NSAGs to pass to the UE AS and the NSAG priorities the UE NAS passes to the UE AS are the same as received from the AMF.
We contend that this is not really a suitable way to drive the network-slice-based Cell Reselection or network-slice-based RACH configuration based on Intended Network slice.  
In essence, a NSAG is a way to identify, by using a string of 8 bits which is valid with a TA granularity, a group of network slices. One of the main drivers of the design of the NSAG distributions across the cells of a TA in a deployment is the minimization of the NSAGs that need to be broadcast in each cell SIB-16. In fact, the greater the number of NSAGs the greater is the size of the SIB. 
So, we can conclude that the NSAG in a TA represents potentially several network slices in order to minimize the number of broadcasted NSAGs. The network slices associated with a NSAG are not selected by taking any UE subscription into account (indeed these can be used by inbound roamers and associated with HPLMN S-NSSAIs also and even a single UE may have two or more HPLMN S-NSSAIs associated with a S-NSSAI of the VPLMN), rather the main goal is to minimize the broadcast of NSAGs to minimize the SIB16 size or SIB1 size. Also, the relative importance of a network slice for each UE is not taken into account when selecting the NSAG values to represent a set of network slices (i.e. the importance for a UE of the network slices associated with a NSAG is not necessary the same, and in fact it normally would not be the same).
Observation 2: The NSAG represent a group of network slices in a TA.
Observation 3: Not all slices the NSAG represents have the same priority level for all UEs (this would be impossible to determine in advance because NSAGs are not set in a UE-dependent manner). 
Observation 4: Not all network slices a NSAG represents out of those the UE uses or requests have the same importance for the UE.
Let's consider for instance the case of the TA depicted in figure 1 with three NSAGs representing each a set of slices. It should be noted that the number of slices represented by a NSAG can be >16 and that the grouping of slices in NSAGs is not normally based on specific set of slices a UE may subscribe to. Also, for Cell reselection, gNB2 cell may indicate in SIB16 the NSAG 1 of gNB1 cells in Band 1 and gNB1 cells may indicate in SIB16 NSAG2 for Band 2 of gNB2 cells. NSAG3 is associated to a RACH pool for URLLC slice and is broadcast by gNB2 cells in SIB1.


Figure 1: example NSAG configuration in a TA - note the figure does not represent what each gNB broadcasts in SIB-16 for cell reselection, rather the association of NSAGs to bands of gNBs. However, SIB1 of gNB2 broadcasts NSAG 3,4 for RACH. 

It is important to notice a UE can subscribe to any of the Slices in NSAG 1 or NSAG2/3/4. We now need to discuss whether it is sensible to configure the NSAG priority in a UE or rather we should configure the Subscribed S-NSSAI priory in the UE.
Let's consider the Table 2 for the Smartphone subscription: depending on what the Requested/Allowed slices are, the NSAG priority for NSAG1 changes if we assume that the priority is associated to the importance of the underlying highest importance Requested/Allowed S-NSSAIs.
TABLE 2: NSAG Priority related to REQUESTED/EALLOWED NSSAI for a smartphone subscription from Table 1
	
	NSAG 1 = eMBB, mIoT
	NSAG2 = URLLC

	Requested/Allowed NSSAI = (eMBB, URLLC)
	Priority 1
	Priority 2

	Requested /Allowed NSSAI IoT =(mIoT, URLLC)
	Priority 3
	Priority 2

	Requested /Allowed NSSAI = eMBB, URLLC
	Priority 1
	Priority 2



Observation 5: In order, to reflect the importance of the underlying Requested/Allowed network slices, the NSAG priority cannot be static as it needs to consider what slices a UE is requesting (or is already allowed) to use and are in the NSAG. 
Observation 6: There is no such thing as a NSAG priority value the network can determine to reflect the intended network slice, as the set of Requested Network slices cannot be predicted by the network as the Requested NSSAI is determined by the UE before the AMF can know about it, and the cell reselection or the Random-Access decisions that use the NSAG priority have to take place before the AMF is contacted. In other words, the Intended Network Slice can only be determined at the UE based on the set of Requested or Allowed Network slices and the relative importance of these network slices indicated by the network.
In some circumstances the UE has been allowed S-NSSAIs, but it establishes sessions only a for a subset of these. Clearly if the UE camps with priority on bands optimal for network slices that are higher priority but without PDU sessions, this may be suboptimal from RRM standpoint as in connected mode the UE would be placed in bands optimal for the slices with PDU sessions (if these were different). Therefore, the UE should also consider the PDU session state when determining the priorities of bands, as it is desirable to privilege the bands associated with slices with PDU sessions when performing cell reselection (to ensure PDU sessions can be continued, for instance, after reselection). However, this consideration does not apply for the case when a new S-NSSAI not yet in the allowed NSSAI is requested (i.e. if this S-NSSAI is higher priority of slices with established PDU sessions, this S-NSSAI should prevail in determining the Intended Network Slice so the UE can register and then establish connectivity with this S-NSSAI).
Observation 7: the UE should also consider the PDU session state when determining the priorities of slices among the S-NSSAIs in the Allowed NSSAI when cell reselection takes place due to radio conditions only, but not consider PDU session state when cell reselection is performed when the Ue is initiating a RR where some of the slices in the Requested NSSAI are not in the Allowed NSSAI. 

	 Conclusion 2: the NSAG priority is determined at run time in the UE based on network-provided network slice priorities. For cell reselection, the UE considers Network Slices with PDU sessions established in the Allowed NSSAI to be higher priority for cell reselection purpose than the Network Slices in the Allowed NSSAI for which no PDU session is established. For Requested S-NSSAIs not yet in the Allowed NSSAI, whether they have PDU sessions does not apply so their priority value is directly compared with the priority of network slices in the Allowed NSSAI.



Other issue that SA2 needs to resolve based on the SA#96 guidance is to document how Random-access works. 
The Slice-Aware Random Access works by identifying a single NSAG applicable to Random access for the Random-Access attempt as per RAN2 specifications (see TS 38.300 clause 16.3.3.1). It is our understanding, based on the status of approved RAN and CT1 CRs, that which NSAG in the cell applies to random access (if any! it is perfectly possible that no NSAG for Random Access applies to a network slice or to any network slice in a cell) is learnt via SIB1 by the UE and the AMF has no understanding of which NSAG applies to Random access. So, with reference to figure 1, NSAG 3 and NSAG4 are for Random Access configuration. It is also our understanding that the NSAG value to be selected (if any) must be associated with the intended slice for the random-access attempt. How this intended slice for Random access is identified is discussed here below.  
There are three cases:
1) The Random-access attempt is associated with one network slice only. In this case, this is the intended network slice. The NSAG for random access is the NSAG that is advertised for Random access that this slice belongs to (if any). with reference to figure 1, if "S-NSSAI p" is causing the access attempt, then NSAG 4 is used for Random Access configuration.
2) The Random-access attempt is associated with more than one network slice, but all these network slices belong to the same NSAG for random access. In this case, there is no contention on which NSAG to use, so the NSAG for random access is the NSAG that is advertised for Random access that these slices belong to. with reference to figure 1, if "S-NSSA n" and "S-NSSAI p" are casing the access attempt, they both map to NSAG 4 so NSAG 4 is used for random access configuration.
3) The Random-access attempt is associated with more than one network slice, but the S-NSSAIs of these slices map to more than one NSAG for random access. In this case, the intended slice is the network slice causing this access attempt with the highest priority level. As a consequence, the UE uses this network slice NSAG for Random Access to determine the RACH configuration for the access attempt. With reference to figure 1, if S-NSSA URLLC and "S-NSSAI n" are causing an access attempt, and the URLLC slice is higher priority than the S-NSSAI n, then the Intended slice for Random access configuration is URLLC and the NSAG to be used to pick the Random access configuration is  is NSAG 3.
Observation 7: The CN does not know whether a NSAG is allocated for Random Access purpose or for Cell Reselection or both. The UE learns which NSAG applies to random Access by inspecting the SIB 1 
Observation 8: if the Random access is caused by a single Slice, the NSAG for RACH configuration is the NSAG this network slice belongs to (if any applies). If the Random access is caused by more than one network slice, and these network slices belong to one NSAG for random access, the UE selects this NSAG to determine the RACH configuration. If the Random access is caused by more than one network slice, and these slices belong to more than one NSAG for random access, the UE picks the NSAG of the network slice with highest priority to be the NSAG for random access configuration.

	[bookmark: _Hlk104298440]Conclusion 3: If the Random access is caused by a single Slice, the NSAG for Random Access configuration is the NSAG this network slice belongs to (if any applies). If the Random access is caused by more than one network slice, and these network slices belong to one NSAG for random access, the UE selects this NSAG to determine the Random Access configuration. If the Random access is caused by more than one network slice, and these network slices belong to more than one NSAG for random access, the UE picks the NSAG of the network slice with highest priority to be the NSAG for random access configuration.
Which NSAGs apply to Random Access is indicated by the by the RAN to the UE (i.e. the CN does not know whether a NSAG is allocated in the NG-RAN for Random Access purpose or for Cell Reselection or both).



Lastly, there is a consequence of observation 7, is that there is an additional issue: the current CR says that the mechanism to disable Slice-aware cell reselection is based on not indicating the network slice priorities to the UE [ see S2-2203620 "If the UE has not received any NSAG priority information from the AMF, the UE shall not use Network Slice based cell reselection at all"]. This is incorrect as this would cause also the slice aware Random Access to not work based on observation 8.
Observation 9: If an operator needs to disable only cell reselection that is slice aware for a set of UEs, since it does not know the purpose of a NSAG, the AMF still has to provide to the UE all the NSAGs that matched the UE subscribed S-NSSAIs to the UE, and then indicate it intends to disable Cell Reselection based on NSAG. 
	Conclusion 4: The selective disabling of Slice-aware Cell reselection in a supporting UE can only be achieved by explicitly disabling it when the UE is configured with the NSAGs, but the AMF has to provide all the relevant NSAGs and their priorities to the UE as the AMF does not know which one is for Random access and which is for Cell Reselection.



For instance, the VPLMN may selectively enable one Network Slice-based Random access or Network Slice-based Cell Reselection based on roaming agreement.
3. Proposal(s)
It is proposed to update the TS according to the conclusion above. package based on the principles above, namely:
1) the AMF provides to the UE the network slice priorities of the HPLMN the UE shall consider, based on the S-NSSAI of the HPLMN priority received from UDM.
2) the UE derives at run time the priority of the NSAG based on the highest priority of the network slice being requested or being already allowed that is in the NSAG. In roaming case, the Mapped s-NSSAI priority is considered.
3)For Cell Reselection, the network slices in the Allowed NSSAI with a PDU session are higher priority than those without a PDU session, but the network slices in the Requested NSSAI which are not in the allowed NSSAI are compared solely based on their priority value against any network slice in the Allowed NSSAI.
4) the Random Access is based on selecting a single NSAG that is the highest priority NSAG for Random access (if any applies to a cell) of those that are associated to network slices causing the signalling transaction related to the Random Access event. Which NSAG(s) (if any) applies(apply) to Random Access is based on information the UE receives from the RAN.
4) the Selective disabling of any of the slice- aware Random Access or Cell Reselection for a UE requires explicit indication in the NSAG Info (of course if both need to be disabled, the NSAG Information shall not be provided).
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