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1 Introduction

During the last RAN3 (and RAN2) meeting, impacts of NW slicing on RAN signalling were discussed and some agreements reached. In particular, RAN2 concluded that the UE should be able to provide assistance information for NW slice selection via RRC signalling, while RAN3 has progressed on the aspect of defining one or more identifiers linked to the concept of a NW slice.

In this contribution we highlight the requirements and the importance for the RAN to acquire information about the relevant NW slice at each phase of the establishment of a UE connection, but also analyse the need to respect signalling constraints presented in the air interface, and the requirements to have NW slice awareness conveyed in internal RAN signalling, in order to ultimately propose a solution which meets such requirements while not imposing an unnecessary burden on the signalling.
2 Discussion
2.1 Summary of current assumptions

Examining the outcome of the discussions at the recent NR Ad Hoc meetings, it can be seen that RAN3 has agreed to adopt the following in the latest updates of the RAN3 TR [1]:

 “NSSAI (Network Slice Selection Assistance Information) includes one or more SM-NSSAIs (Session Management NSSAI). Each network slice is uniquely identified by a SM-NSSAI, as defined in TR 23.799. The UE may store a Configured and/or Accepted NSSAI per PLMN. The NSSAI can have standard values or PLMN specific values.  
NOTE:
For signaling between RAN and CN a Slice ID is represented by an NSSAI or SM-NSSAI. For the air interface, it is up to RAN groups to decide how to carry/define NSSAI information in RRC (the term “slice ID” is used in the following to refer to this).”
While RAN2 agreed that:
“Support of Network Slicing relies on the principle that traffic for different slices is handled by different PDU sessions. Network can realize the different network slices by scheduling and also by providing different L1/L2 configurations. UE should be able to provide assistance information for network slice selection in RRC message, if it has been provided by NAS.

Editor’s note: it is FFS whether it is possible to provide different PRACH, access barring and congestion control information for different slices.

Editor’s note: the above agreements and FFS are also applicable for LTE connected to 5G-CN.”
And SA2 noted that:

“Whether NSSAI in RAN and NAS are exactly the same, is to be determined during normative phase”
It should also be observed that SA2 has meanwhile changed the name of SM-NSSAI to S-NSSAI and we will use S-NSSAI in this contribution.
From the above we can derive:

Observation 1 It is agreed that the UE should be able to provide assistance information to the network via RRC signalling to support NW slice selection. 
Observation 2 NSSAI was adopted by RAN3 in the RAN3 TR, but whether NSSAI in RAN and NAS are exactly the same is not settled.

Observation 3 NSSAI may not uniquely identify a single NW slice, while S-NSSAI always maps uniquely to a single NW slice.

Observation 4 It is still FFS how NW slice-related information should be carried in RRC and AS network signalling.
SA2 also distinguishes between initial NSSAIs and accepted NSSAIs and it is the accepted NSSAIs that are really pointing the UE towards the NW slices it is supposed to use. This does not change the fact that while NSSAI is a collection of multiple identifiers, S-NSSAI represents a single entity (at the present status of discussions).
2.2 From NSSAI to more tailored information in RAN
To support the discussion in RAN3, we would like to highlight some principles described by [2] when it comes to how to translate the concept of NSSAI and S-NSSAI into the corresponding air interface information:

· The size of Msg3 is limited and already in LTE it became ‘full’ just by adding absolutely necessary information. 
· Robustness, coverage and delay considerations dictate Msg3 cannot grow indefinitely either, i.e. early connection establishment will always be a phase where it would be preferable to adopt a shorter message.

· Msg5 is much less constrained in size, but it does not necessarily mean similar efficiency considerations as for Msg5 are not important and should be disregarded.

· We should distinguish the case when the UE is performing an Attach to the network (i.e. it is not previously known to it), from the case when the UE is executing a Service Request (i.e. it is already registered and known to the network).
Based on the above observations, we have proposed in RAN2 to adopt a mechanism where some very concise information is provided in Msg3 (different depending on whether the UE is attaching or not), followed by more extensive information in Msg5 (if needed). In both cases there is no need to convey a full NSSAI in order to support RAN (in both routing signalling to the correct CN instance and applying provisional slice isolation policies prior to Initial Context Setup). It should be noted that it may be sensitive to send an identifier like NSSAI over the air interface; concerns in that direction have been expressed in SA2 and have resulted in [3].
It is of course up to RAN2 to decide regarding such proposals, but it is important, also in a RAN3 context, to observe that:

Observation 5 AS level considerations imply the concept of NSSAI cannot be always taken ‘as is’ and applied to RAN signalling. 
Observation 6 Different stages of a UE connection establishment and handling need different signalling solutions to represent the concept of NW slice and related behaviours.

Observation 7 What is most appropriate to represent a NW slice depends also on whether the UE is already known to the network or not.
2.3 Procedures requiring NW slice(s)-related information
Considering current assumptions and the above observations, it appears logical to identify signalling impacts in RAN as follows:
Attach:

· Default or pre-configured information is provided by the UE to the RAN in Msg3 to alert the RAN of the importance of the access attempt; due to message size constraints this information is expected to be coded with a very limited number of bits (similar to a category or a cause);
· In Msg5, the UE provides the RAN with an identifier corresponding to a S-NSSAI or an equivalent to it, so the RAN can properly select the relevant CN instance;

· After the Initial UE Message is routed to the correct CN instance (this may require a rerouting, but is irrelevant in this discussion), the CN would normally send an Initial Context Setup Request message to the RAN: such message contains, per PDU session, information equivalent to one or more S-NSSAI.
Service Request:
· For cases where the UE is already attached, Msg3 is enhanced by a new IE, also similar to a cause value (i.e. a short IE), but indicating a generic access category set by CN over NAS as a function of {slice, cause value, QoS….};
· For cases where the UE is already attached, it can be noted that the S-TMSI in Msg3 should be sufficient, assuming that the MMEC remains unique in a gNB;
· After the Initial UE Message is routed to the correct CN instance, the CN would normally send an Initial Context Setup Request message to the RAN: such message contains, per PDU session, information equivalent to one or more S-NSSAI.

Resume;
Also in the case of connection resume, and in general whenever the UE requires the establishment or re-establishment (or resumption) of an RRC connection, similar considerations can be made, namely the UE should as early as possible provide an indication as to the importance of the access attempt, and such indication may or may not be slice-aware, depending on whether the UE is registered and the CN had the opportunity to convey a proper access category. It is up to RAN2 to find a signalling solution. 

On the other hand, it appears there is little need to convey the full NSSAI in RAN signalling, neither in RRC nor in internal RAN signalling, as RAN needs to uniquely identify one single NW slice per PDU session, while the NSSAI is a collection of identifiers.

Observation 8 UE should as early as possible provide an indication as to the importance of the access attempt, and such indication may or may not be slice-aware, depending on whether the UE is registered. It is up to RAN2 to find a signalling solution.

Observation 9 Information corresponding to an S-NSSAI is needed (one per PDU session) in Initial Context Setup and wherever PDU session information is conveyed in subsequent signalling.

Observation 10 It appears there is little need to convey the full NSSAI in RAN signalling, neither in RRC nor in internal RAN signalling, as RAN needs to uniquely identify one single NW slice per PDU session.

2.4 Definition of a slice identifier at RAN level

When it comes to the radio interface, it is clear different pieces of information, that may be set based upon NW slicing information, need to be specified in RRC depending on size constraints, whether the UE is registered in the network or not, and other considerations. It is also quite likely such information cannot be an NSSAI (especially if the length indeed becomes in the order of 32 bits times the number of slices….), but we assume RAN2 will take that decision.

When it comes to RAN3, it is also quite clear that the concept which corresponds to the Slice ID used in the RAN3 TR, i.e. an identifier that uniquely points at a single NW slice, is the S-NSSAI and that if RAN receives even only one S-NSSAI from the UE, RAN should be able to route the signalling to the concerned CN instance.
Observation 11 The information uniquely identifying a single NW slice, as it is required by RAN, is the S-NSSAI and not the NSSAI.

Observation 12 If RAN is provided with even only one S-NSSAI by the UE, RAN should be able to route the signalling to the concerned CN instance, hence it is not needed to receive more than one S-NSSAI during RRC connection establishment.

Once established that S-NSSAI, or an equivalent to it, is the information RAN needs, it can be observed that the name of such identifier is not really appropriate for AS signalling.
The RAN is not terminating the NAS protocol, which is defined between the UE and the CN, hence it does not appear very attractive to have mentioning of ‘Session (Management)’ for RAN purposes in RAN technical specifications. It would be more appropriate to retain the term ‘Slice ID’ and define it in a way that it is consistent with the S-NSSAI without the burden of introducing NAS terminology.

Observation 13 It would be better to avoid introducing NAS terminology into RAN identifiers, hence the term Slice ID appears more attractive in RAN specifications comparing to S-NSSAI.

When it comes to the size of such identifier, it is our opinion that radio interface constraints should steer the coding, if an equivalent of S-NSSAI is used over the radio interface, hence RAN2 should lead that discussion during the normative phase, with the support and insights of SA2 and RAN3.

Observation 14 If S-NSSAI is used on the radio interface, RAN2 should lead the discussion when it comes to determine S-NSSAI/Slice ID size constraints, with the support and insight of SA2 and RAN3. This should be done during the normative phase.
3 Conclusions and Proposals
In this contribution we have made the following observations:
Observation 15 It is agreed that the UE should be able to provide assistance information to the network via RRC signalling to support NW slice selection. 
Observation 16 NSSAI was adopted by RAN3 in the RAN3 TR, but whether NSSAI in RAN and NAS are exactly the same is not settled.

Observation 17 NSSAI may not uniquely identify a single NW slice, while S-NSSAI always maps uniquely to a single NW slice.

Observation 18 It is still FFS how NW slice-related information should be carried in RRC and AS network signalling.

Observation 19 AS level considerations imply the concept of NSSAI cannot be always taken ‘as is’ and applied to RAN signalling. 
Observation 20 Different stages of a UE connection establishment and handling need different signalling solutions to represent the concept of NW slice and related behaviours.

Observation 21 What is most appropriate to represent a NW slice depends also on whether the UE is already known to the network or not.

Observation 22 UE should as early as possible provide an indication as to the importance of the access attempt, and such indication may or may not be slice-aware, depending on whether the UE is registered. It is up to RAN2 to find a signalling solution.

Observation 23 Information corresponding to an SM-NSSAI is needed (one SM-NSSAI per PDU session) in Initial Context Setup and wherever PDU session information is conveyed in subsequent signalling.

Observation 24 It appears there is little need to convey the full NSSAI in RAN signalling, neither in RRC nor in internal RAN signalling, as RAN needs to uniquely identify one single NW slice per PDU session.

Observation 25 The information uniquely identifying a single NW slice, as it is required by RAN, is the S-NSSAI and not the NSSAI.

Observation 26 If RAN is provided with even only one S-NSSAI by the UE, RAN should be able to route the signalling to the concerned CN instance, hence it is not needed to receive more than one S-NSSAI during RRC connection establishment.

Observation 27 It would be better to avoid introducing NAS terminology into RAN identifiers, hence the term Slice ID appears more attractive in RAN specifications comparing to S-NSSAI.

Observation 28 If S-NSSAI is used on the radio interface, RAN2 should lead the discussion when it comes to determine S-NSSAI/Slice ID size constraints, with the support and insight of SA2 and RAN3. This should be done during the normative phase.
Based on the above observation the following is proposed:
Proposal 1 
It is proposed to agree that S-NSSAI, or an equivalent to it if sending S-NSSAI is not feasible, is the necessary information RAN needs to receive from the UE by Msg5, for routing purposes and to enable provisional policies prior to Initial Context Setup.
Proposal 2 
It is proposed to discuss and agree on an AS level identifier not introducing NAS terminology into AS specifications, for example the already existing term ‘Slice ID’ could be retained (and made to correspond to S-NSSAI).
Proposal 3 
It is proposed to agree that detailed definition of such Slice ID/S-NSSAI should, if RAN2 agrees to introduce it into the radio interface signalling, be steered by radio interface constraints considerations.
A text proposal for the RAN3 technical report can be found in [4].
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