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1 Introduction 

At the RAN2#98 the issue relate to Signalling of NW slicing was discussed and following was agreed about slice selection:
Agreements:

1
RAN2 assumption is that MSG3 does not to deliver assistance information for AMF selection due to RRC size constraints as in LTE.

2
RAN2 assumption is that MSG5 is the earliest message that can be used to deliver assistance information for AMF selection.

Although the NW slicing topic has been postponed many times in RAN2, other groups, such as SA2, have made progress on this topic. For example, SA2's current conclusions about whether to carry NW slicing related information in MSG5 are as follows .

	TS 38.501vf.0.0  5.15.5.2.1
Registration to a set of Network Slices
The UE shall include the Requested NSSAI at RRC Connection Establishment and in NAS messages. 


However, there is no clear conclusion about the how to carry slice-related information in RAN2, such as how does RRC layer obtain assistance information and whether NW slicing information is carried in the MSG5. What is also needed to be clarified in RAN2 is the format of the slicing information if RRC needs to carry it on MSG5? For example, the potential format could be S-NSSAI, partial S-NSSAI or other types such as DCN-ID.

This contribution provides our views on signalling issues to be clarified for MSG5 and MSG3.
2 Discussions

2.1 NW slicing impact on MSG5

2.1.1 How does RRC layer convey the assistance information

It is RAN2 assumption that MSG5 is the earliest message that can be used to deliver assistance information for AMF selection. There is no clear conclusion about the how to carry slicing-related information in RAN2, such as how does RRC layer obtain assistance information and whether NW slice information is carried in the MSG5.

According to [1] 2] and other specifications, the same assistance information may be carried in the NAS PDU of the MSG5 or in the RRC part of the MSG5. According to the combination of the two cases we can identify four different cases:
Case 1: In the MSG5 message, the slice-assistance information is in RRC part not included in the NAS PDU.
Although current specification in the [1] has description that the UE shall include the Requested NSSAI at RRC Connection Establishment and in NAS messages. In other words NAS PDU in MSG5 shall carry slice assistance information, according to description of Stage 3 protocol[1], the S-NSSAI does not necessarily need to be carried in a NAS PDU. So Case 1 scenario is possible. The description is copied below for easy reference. 
	TS24.501 v0.2.2  8.2.9.5
S-NSSAI
The UE may include this IE when the Request type IE is set to "initial request".


The gNB receives the MSG5, where the RRC part in the MSG5 includes slice assistance information, and the gNB can find a suitable AMF node according to the information. 

However, there is no slice assistance information included in the NAS PDU. This information is required by AMF which is used as Requested NSSAI information to determine allowed NSSAI parameters.
When the NAS PDU does not include the Slicing assistance information, the processing of the AMF has actually been described in[1]：
	 23.501 Vf.0.0 5.15.3
Subscription aspects
The Subscription Information may contain one or more S-NSSAIs i.e. Subscribed S-NSSAIs. At most eight Subscribed S-NSSAIs can be marked as a default S-NSSAI. If an S-NSSAI is marked as default, then the network is expected to serve the UE with the related applicable Network Slice instance when the UE does not send any valid S-NSSAI to the network in a Registration Request message as part of the Requested NSSAI.


According to the description, if the NAS PDU does not include Request NSSAI, AMF selects Request NSSAI according to Subscription Information and further obtains allowed NSSAI.

In addition, there is another method in [3]:After the gNB receives the MSG5, it picks up the slicing assistance information, picks the appropriate AMF according to the information, and sends the slicing assistance information to the AMF through the NGAP.

Observation 1: NAS PDU can be routed to the right AMF when UE includes the slice assistance information in RRC part (and not in the NAS PDU).

Case 2: Both NAS Layer PDU and RRC part contain slice assistance information in MSG5 messages
The maximum number S-NSSAI can be support as assistance information is 8. If both NAS Layer PDU and RRC part contain slicing assistance information in MSG5 messages, then maximum size relate to assistance information can be 256bit.

This case is exactly the same as described in the current [1]. Although larger messages bring delays in message processing, the benefits are obvious. The gNB can be routed to the correct AMF according to the assistance information of RRC part, and the AMF can obtain the correct request NSSAI.

Observation 2：It is current description in current 23.501 that both NAS Layer PDU and RRC part contain slice-assistance information in MSG5 messages.

Case 3: Only NAS layer PDU contain slicing assistance information in MSG5 messages

Because there is no slicing assistance information in RRC part, based on current description of 23.501, gNB selects the default AMF and sends the NAS PDU to the default AMF.

The default AMF acquires  request NSSAI from NAS PDU. Based on the current description of 23.501, default AMF can re-route the NAS PDU to the right AMF.

Observation 3: NAS PDU can be routed to the right AMF by the default AMF when UE includes the slicing assistance information only in the NAS PDU.

Case 4: In the MSG5 message, neither the NAS layer PDU nor the AS layer PDU contains slicing assistance information

According to the description above, in this case, the gNB sends NAS PDU to the default AMF. default AMF can re-route the NAS PDU to the right AMF based on the subscription information.

Observation 4: NAS PDU can be routed to the right AMF even when UE does not carry any slicing assistance information in MSG5 based on the subscription information.

According to the above description, NAS PDU can be routed to the right AMF for all the cased list above. And according to 23.501 description, all the scenes are supported in Rel15. Therefore, it is up to NAS layer to carry assistance information in MSG5. If the NAS layer provides, then the RRC layer should be carried in MSG5. If the NAS layer does not provide it, then RRC layer may not carry this parameter either.

Observation 5: NAS layer in UE may provide the slice selection assistance information to RRC layer in UE. If provided by NAS layer, the RRC layer in UE includes assistance information in MSG5.

2.1.2 Format of the slice selection assistance information

The potential assistance information types could be:

1) Part of NSSAI (such as SST): 

· UE sends desired SSTs to the gNB. 

· Based on the information, gNB selects right AMF for the UE. 

2) Information similar to DCN-ID in DECOR:

· Before UE registers with a given NW slice, the UE is preconfigured with standard or default DCN-IDs

· Network signals DCN-IDs supported. 

· When UE starts registration procedure, UE carries assistance information in the RRC connection setup complete message (based on DCN-ID deployment), AN node selects right core network for the UE.  

Observation 6: The possible assistance information types in RRC message could be entire NSSAI, part of NSSAI (such as SST) and DCN -ID like information.

Several concerns have been raised for carrying assistance information for AMF selection. The concerns include size limitation for RRC message, slice selection accuracy at the RAN node, specification impact etc. These aspects are discussed in the following. 

AMF selection accuracy
The basic purpose of assistance information is to help AN node to identify right AMF for the UE. Otherwise, the AMF has to reselect or the NAS message needs to be rerouted to the right AMF which brings unnecessary signalling overhead.

Entire NSSAI in RRC message can help AN node to identify right AMF. It is because AMF and AN node will exchange supported NSSAI between each other and based on this configuration AN node can identify the right AMF.

DCN-ID like approach is also able to identify right AMF precisely. It is because Core network and AN node exchange supported DCN-ID like ID with each other. Based on this configuration, AN node can route UE’s message to the right Core network node. 

However, SST in RRC message on its own seems insufficient to identify right AMF precisely in some cases since it is possible that different NW slicing share the same SST.  For example, if slice A and slice B share the same SST but have difference SD (slice differentiation), then AN node can’t figure out the right AMF. 

In fact, SA2 also thinks that partial NSSAI or SD is not the original SA2 design. Reply to RAN3 Email [R2-1706318], SA2 insists to Use NSSAI in MSG5 to reduce re-routing Issues. The description is copied below for reference.

	 R2-1706318
a) If the assistance information provided by the UE to the RAN during RRC connection establishment is less than the full NSSAI, for example the most important S-NSSAI, or the N most important Slice Types, or other information, does SA2 foresee that this would allow selection of an appropriate AMF in most cases or otherwise trigger an AMF re-route? 

[SA2 answer] It is SA2 understanding in the TS 23.501 section clause 5.15 that when the Temporary ID of the UE is missing in RRC, or it is not valid for routing in the serving RAN node, the NSSAI is expected to be used by the RAN to assist routing to an appropriate AMF, in order to minimize re-routing. 

The UE therefore is so far in the current SA2 design expected to include in the RRC Connection establishment the NSSAI with all (up to 8) S-NSSAIs. Further design requirements may need to be addressed based on SA3 feedback.


Observation 7: Carrying SST alone in the RRC message may not be sufficient for an AN node to identify right AMF in some cases. 

Specification impact and deployment complexity
Different approaches for assistance information related to NW slice have different impact on specification and have different deployment complexity. 

If UE carries entire NSSAI or part of NSSAI (e.g. SST) in RRC message, since the NSSAI is same with NSSAI used in NAS layer, AS layer does not need to introduce new terminology for NW slice. 

However, if the UE carries DCN-ID like information in RRC message, AS layer need to introduce new terminology for NW slice. At the UE side, in addition to the configured NSSAI, default DCN-ID like information is also need to be set in the UE. At the Network side, NSSAI and DCN-ID like information need to be supported. Therefore, the complexity of deployment and maintenance increases.

Observation 8: The approach to use DCN-ID like information in RRC message has more specification work and deployment complexity.

Based on the analysis above, it seems that carrying entire NSSAI in RRC message is the best approach in terms of AMF selection accuracy and deployment complexity.

Observation 9: The slice assistance information consists of one or a list of S-NSSAI to help AN node identify right AMF.

Based on Observation 5 and observation 9, in this contribution, we propose:

Proposal 1: The format of assistance information should be list of S-NSSAI.

NAS layer in UE provides S-NSSAIs to RRC layer in UE as assistance information to support the RAN node select AMF. 

If provided by NAS layer , RRC layer in UE includes list of S-NSSAI in MSG5.

2.2 NW slicing impact on MSG3

There are many contributions mentioning that UE must provide slice assistance information to help gNB implement early policy other than AMF selection. Then it is possible UE provides slicing related information in MSG1 or in MSG3.

RAN2#99 meeting agreed not to support RACH partitioning at Rel-15, therefore no slice selection information can be provided in MSG1.Then MSG3 is the only message for early policy.

The only early policy that can be identified up to now is overload control in RRC connection request. The gNB rejects RRC request by RRC establishment cause value. If these establishment values are related to the slice, the gNB is able to reject the RRC request message per slice. The same problem is also being discussed under the UAC [5] agenda. So, this issue should be handled under the UAC discussion. 
Proposal 2: No early policy other than overload control is identified for including slice information in MSG3. So, inclusion of slice information in Msg3 may be discussed after the progress of the corresponding discussionin the UAC agenda. 
3 Conclusion 

We discussed some outstanding aspects of network slicing and made the following observations:

Observation 1: NAS PDU can be routed to the right AMF when UE includes the slice assistance information in RRC part (and not in the NAS PDU).

Observation 2：It is current description in current 23.501 that both NAS Layer PDU and RRC part contain slice-assistance information in MSG5 messages.

Observation 3: NAS PDU can be routed to the right AMF by the default AMF when UE includes the slicing assistance information only in the NAS PDU.

Observation 4: NAS PDU can be routed to the right AMF even when UE does not carry any slicing assistance information in MSG5 based on the subscription information.

Observation 5: NAS layer in UE may provide the slice selection assistance information to RRC layer in UE. If provided by NAS layer, the RRC layer in UE includes assistance information in MSG5.

Observation 6: The possible assistance information types in RRC message could be entire NSSAI, part of NSSAI (such as SST) and DCN -ID like information.

Observation 7: Carrying SST alone in the RRC message may not be sufficient for an AN node to identify right AMF in some cases. 

Observation 8: The approach to use DCN-ID like information in RRC message has more specification work and deployment complexity.

Observation 9: The slice assistance information consists of one or a list of S-NSSAI to help AN node identify right AMF.

Based on Observation 5 and observation 9, in this contribution, we propose:

Proposal 1: The format of assistance information should be list of S-NSSAI.

NAS layer in UE provides S-NSSAIs to RRC layer in UE as assistance information to support the RAN node select AMF. 

If provided by NAS layer, RRC layer in UE includes list of S-NSSAI in MSG5.

Proposal 2: No early policy other than overload control is identified for including slice information in MSG3. So, inclusion of slice information in Msg3 may be discussed after the progress of the corresponding discussion in the UAC agenda. 
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