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1
Introduction
Last several SA2, RAN3 and RAN2 meetings made many agreements on RAN signalling for NW slice. In particular, RAN2 concluded that “UE should be able to provide assistance information for NW slice selection in RRC messages, if it has been provided by NAS”. [1]. In SA2 and RAN3, 
· SA2 agreed that “The UE shall include the Requested NSSAI (NW Slice Selection Assistance Information) at RRC Connection Establishment and in NAS. The RAN routes the NAS signalling between this UE and an AMF selected using the Requested NSSAI dring RRC Connection Establishment” with a note that “Whether NSSAI in RRC and NAS are exactly the same, is to be determined” [2]. 
· RAN3 has confirmed that “the UE may provide assistance information to support the selection of an AMF” and sent an LS by asking RAN2 on RRC signalling aspects for assistance information delivery [3]. 
This contribution provides the detailed solution of assistance information over RRC message. A draft LS response to RAN3 can be found in [4].
2
Discussion
2.1
NSSAI and assistance information
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Figure 1. General signalling flow for NSSAI/assistance information delivery
As already agreed by SA2, The NSSAI is a collection of S-NSSAIs (single NSSAI) which is composed of
- A Slice/Service type (SST), which refers to the expected Network Slice behaviour in terms of features and services;

- A Slice Differentiator (SD). which is optional information that complements the Slice/Service type(s) to allow further differentiation for selecting an Network Slice instance from the potentially multiple Network Slice instances that all comply with the indicated Slice/Service type. This information is referred to as SD.
We take the signalling flow for registration as example to demonstrate the NSSAI/assistance information delivery in Figure 1. During the initial Registration, the UE provide the assistance information in RRC Connection Establishment as notated by R-Rq and NSSAI in NAS as notated by N-Rq. The RAN uses assistance information for routing the initial NAS signalling to an AMF. Upon successful Registration, the UE is provided with a globally unique Temp ID by its serving AMF via NAS as notated by N-Rp. 
Observation 1: UE provides assistance information over RRC if it is stored in UE in order for RAN to route the NAS signalling to an appropriate AMF when a Temp ID is N/A or invalid.
Prior to receiving the validation result for UE to access a NW slice, RAN3 has placed emphasis that the RAN may be allowed to apply some early resource handling policies, based on awareness of which slice the UE is requesting access to. In particular, RAN3 has adopted the key principle of selection of RAN part of NW slice referring to this [3], where the RAN may rely on assistance information provided by the UE to enable the slice-specific behaviour during RRC connection establishment.
Observation 2: UE may provide assistance information over RRC for RAN to select the RAN part of NW slice relevant to early resource handling policies.

2.2
Considerations of RRC signalling aspects
In order to achieve the observed purposes, it is RAN2 to tackle the task of RRC signalling handling of assistance information for NW slice. As indicated in the LS sent from RAN3, RRC size constraint has an impact on decision on what kind information to be delivered in RRC signalling [3]. 
Take RRC connection establishment in LTE as baseline in Figure 2, we can see that MSG3 uses common signalling that is not specific to a particular UE, and therefore the size of MSG3 is strictly limited. It should be seriously careful to convey any indication of slice in consideration of size constraints. MSG5 is transmitted over the UE-specific signalling and NAS payload can be carried thereafter. It is worth to mention that DCN-ID has been agreed to be included in MSG5 for eDEOCR with the similar concern [5]. Provided the overhead of assistance information for a single S-NSSAI, not to mention the full list of NSSAI, it makes sense to deliver the assistance information over MSG5 for the reason of robustness and future-proof. However, this does not imply that the resource optimization is not required. The trade-off between radio performance and routing accuracy should be evaluated together with SA2.
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Figure 2. RRC connection establishment, successful in LTE
Observation 3: Take LTE as baseline, the size of MSG3 is strictly limited while MSG5 is less size constraints.

Proposal 1: As working assumption, RAN2 understanding is that MSG3 is not expected to deliver assistance information for AMF selection due to RRC size constraints as in LTE.

Proposal 2: As working assumption, RAN2 understanding is that MSG5 can be used to deliver assistance information for AMF selection.
2.3
Solutions of assistance information delivery
Take the discussion in previous subsection, we could think of possible solution to convey assistance information for NW slice over RRC to fulfil the requirements of RAN part of NW slice selection and AMF selection,
· To enable RAN part of NW slice selection
As discussed in subsection 2.2, it is of importance to enable early policies for NW slices. In case that a particular NW slice can be isolated by dedicated radio resources, it is easy for New RAN node to conclude the NW slice requested by the UE during RACH procedure. Otherwise, MSG3 could be used to convey the purpose of RRC connection establishment for RAN part of NW slice selection when RACH resources are shared. One possible way is to indicate the NW slice information by establishment cause where extended values may be needed. It could be a default value or pre-configured in the UE and passed to the AS from the upper layer, and collaboration with CT1 is needed.
Proposal 3: First RRC message, e.g. MSG3 may convey the purpose of RRC connection establishment for consideration of RAN part of NW slice selection by extended cause value in case NW slice cannot be distinguished by used dedicated RACH resource during RRC connection establishment.

· To enable NAS signalling routing

Regarding MSG5 with NAS payload, it is needed to carry assistance information to enable routing to the correct AMF when the Temp ID is not valid. Take discussions in previous subsections, we could think of one possible way to construct the assistance information. RAN2 understands it is mainly SA group and RAN3 to decide what kind of assistance information should be carried over RRC.
Since the information contained in RRC has size limitations, also, the routing information in RRC is only used to identify an appropriate AMF. Hence, sending multiple S-NSSAI, such as the contents included in NAS, is redundant. Given that an AMF is common to a group of slices and since the UE can only be associated with one AMF, even when it is associated with multiple slices, it is sufficient to represent the routing information by a single value that can identify an appropriate AMF. In this case, the assistance information, e.g. R-SNSSAI (Routing S-NSSAI) can be a single value. 

To avoid any security issues during the initial Registration procedure as mentioned in LS sent from SA3 [6], the UE should not include any information that can identify the network slice request or the topology of the network. In this case, for the initial Registration, the UE does not provide any routing information in RRC. The gNB forwards the Registration request to a default AMF, which can select an appropriate AMF to serve the UE. In the Registration response, the UE is provided with the Allowed NSSAI, which includes the R-SNSSAI. The gNB can use this R-SNSSAI to select an appropriate AMF during subsequent Registration procedures. After registration procedure, a global unique Temp ID is allocated and UE could use it in MSG5 like GUMMEI in LTE. Further, as proposed in [7], MSG3 may be used to carry NAS PDU, thus MSG3 could carry the slice information as well. 
Proposal 4: For the initial Registration procedure, the UE does not provide any routing information in RRC. For subsequent Registration requests, the first RRC message with NAS payload, e.g. MSG 5, should include routing information, which the RAN can use to select an appropriate AMF to serve the UE. The routing information can be a single value that can be cryptographically protected (e.g. by a hash algorithm). 
Proposal 5: After the UE has attached to the network, RRC message could carry routing parameters, e.g., a globally unique Temp ID assigned by NAS in order to route NAS signalling to the corresponding AMF as in LTE.
3
Conclusions
This contribution discusses the assistance information over RRC messages relevant to RAN signalling for NW slice. In the above discussions, we have the following observations and proposals. 
Observation 1: UE provides assistance information over RRC if it is stored in UE in order for RAN to route the NAS signalling to an appropriate AMF when a Temp ID is N/A or invalid.

Observation 2: UE may provide assistance information over RRC for RAN to select the RAN part of NW slice relevant to early resource handling policies.

Observation 3: Take LTE as baseline, the size of MSG3 is strictly limited while MSG5 is less size constraints.

Proposal 1: As working assumption, RAN2 understanding is that MSG3 is not expected to deliver assistance information for AMF selection due to RRC size constraints as in LTE.

Proposal 2: As working assumption, RAN2 understanding is that MSG5 can be used to deliver assistance information for AMF selection.

Proposal 3: First RRC message, e.g. MSG3 may convey the purpose of RRC connection establishment for consideration of RAN part of NW slice selection by extended cause value in case NW slice cannot be distinguished by used dedicated RACH resource during RRC connection establishment.

Proposal 4: For the initial Registration procedure, the UE does not provide any routing information in RRC. For subsequent Registration requests, the first RRC message with NAS payload, e.g. MSG 5, should include routing information, which the RAN can use to select an appropriate AMF to serve the UE. The routing information can be a single value that can be cryptographically protected (e.g. by a hash algorithm). 
Proposal 5: After the UE has attached to the network, RRC message could carry routing parameters, e.g., a globally unique Temp ID assigned by NAS in order to route NAS signalling to the corresponding AMF as in LTE.
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