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1. Introduction
This paper attempts to discuss the possible ways to encode the rejected NSSAI provided by the AMF to the UE and propose a feasible way forward.

2. Current situation
About the rejected NSSAI provided by the AMF to the UE, the related requirements were specified in the latest version of TS 23.501 v15.0.0 as below:

"The UE might also obtain one or more rejected S-NSSAIs with cause and validity of rejection from the AMF. An S-NSSAI may be rejected:

-
for the PLMN; or

-
for the current Registration area.
While it remains RM-REGISTERED in the PLMN, the UE shall not re-attempt to register to an S-NSSAI rejected in the PLMN. 

While it remains RM-REGISTERED in the PLMN, the UE shall not re-attempt to register to an S-NSSAI rejected in the current Registration Area until it moves out of the current Registration Area.

NOTE 1:
The details and more cases of S-NSSAI rejection are described in TS 24.501 [47]."
"-
If received, a S-NSSAI permanently rejected in the PLMN shall be stored in the UE while RM-REGISTERED.

-
If received, a S-NSSAI rejected in the current Registration Area shall be stored in the UE while RM-REGISTERED until the UE moves out of the current Registration Area.

NOTE 4:
The storage aspects of rejected S-NSSAIs are described in TS 24.501 [47]."
What stage 2 clearly specified include:
(1) The UE can receive one or more rejected S-NSSAI from the network;

(2) The rejected S-NSSAI is associated with a cause value;

(3) The UE will store the rejected S-NSSAI based on different cause value.
However, what is unclear in stage 2 include:

(1) The maximum number of rejected S-NSSAI included in a single NAS message (e.g. REGISTRATION ACCEPT).
Stage 3 has implemented the rejected NSSAI in TS 24.501 which has covered the stage 2 requirements, e.g.:
"The AMF may also include rejected NSSAI in the REGISTRATION ACCEPT message. Rejected NSSAI contains S-NSSAI(s) which was included in the Request NSSAI but rejected by the network associated with rejection cause(s).
The UE receiving the rejected NSSAI in the REGISTRATION ACCEPT message takes the following actions based on the rejection cause in the rejected NSSAI:
"S-NSSAI not available in the current PLMN"

The UE shall add the rejected S-NSSAI(s) in the permanently rejected NSSAI for the current PLMN as specified in subclause 4.6.2.2 and not attempt to use this S-NSSAI in the current PLMN until switching off the UE or the UICC containing the USIM is removed. 

"S-NSSAI temporarily not available in the current PLMN"

The UE shall add the rejected S-NSSAI(s) in the temporarily rejected NSSAI for the current PLMN as specified in subclause 4.6.2.2 and consider this S-NSSAI is temporarily not available in the current PLMN.

Editor's note:
It is FFS whether the rejection cause "S-NSSAI temporarily not available in this PLMN" is needed.

"S-NSSAI not available in the current registration area"

The UE shall add the rejected S-NSSAI(s) with the registration area(s) in the permanently rejected NSSAI for this PLMN as specified in subclause 4.6.2.2 and not attempt to use this S-NSSAI in the present registration area until switching off the UE, the UE moving out of the current registration area or the UICC containing the USIM is removed.

"S-NSSAI temporarily not available in the current registration area"

The UE shall add the rejected S-NSSAI(s) in the tempararily rejected NSSAI for the current PLMN and registration area combination as specified in subclause 4.6.2.2 and consider the S-NSSAI is temporarily not available in this current registration area. 

Editor's note:
Further UE action is FFS when the rejection cause is "S-NSSAI temporarily not available in the registration area"."
"There shall be no duplicated PLMN identities in each of the list of configured NSSAI(s), allowed NSSAI(s) , temporarily rejected NSSAI(s), and permanently rejected NSSAI(s)."
"c)
When the UE receives the S-NSSAI(s) included in rejected NSSAI in the REGISTRATION ACCEPT message, the UE shall store the S-NSSAI(s) into temporarily rejected NSSAI(s) or permanently rejected NSSAI based on the associated rejection cause(s). Once the UE is deregistered, the temporarily rejected NSSAI(s) and permanently rejected NSSAI(s) for the current PLMN shall be deleted."
What clearly specified in stage 2 was clearly implemented in stage 3. Furthermore, based on the condition "Rejected NSSAI contains S-NSSAI(s) which was included in the Request NSSAI " and stage 3 has clearly specified the Requested NSSAI can contain up to 8 S-NSSAIs, hence one can deduce the maximum number of rejected NSSAI provided by the AMF to the UE in a single NAS message is 8 S-NSSAIs as well. Also, from the condition "based on the rejection cause in the rejected NSSAI", one can see the cause value is associated with per rejected S-NSSAI, not associated with a NAS message.
However, both stage 2 and stage 3 did not clearly state whether in a single NAS message, the AMF can include multiple rejected S-NSSAIs associated with different cause values. From what stated in stage 2 and stage 3, we think it is reasonable and useful that the AMF includes multiple rejected S-NSSAIs associated with different cause values in a single NAS message.
Based on above discussion, we could have below observations:

Observation #1: The maximum number of rejected S-NSSAI included in a single NAS message is eight (8) S-NSSAIs.
Observation #2: The cause value is associated with per rejected S-NSSAI, not associated with an NAS message.
Observation #3: The AMF can include multiple rejected S-NSSAIs associated with different cause values in a single NAS message.
3. Coding of Rejected NSSAI
So far in TS 24.501 about the coding of rejected NSSAI, it uses the same IE coding as the Requested NSSAI and Allowed NSSAI defined in subclause 9.8.3.21 but leave with below editor’s note:

"Editor's note:
It is FFS how the permanent or the temporarily rejected S-NSSAI is coded in the NSSAI."

Based on observations given in section 2, we need to re-evaluate whether to re-use the same IE coding as the Requested NSSAI and Allowed NSSAI is a workable or the best way from implementation perspective.
The existing NSSAI IE coding contains up to eight (8) S-NSSAIs and each S-NSSAI contains two part: one S-NSSAI and its mapped S-NSSAI in the Configured NSSAI for the HPLMN. The mapped S-NSSAI is optional.
However, some disadvantages to reuse the current NSSAI IE coding for the rejected NSSAI can be observed:
(1) Based on Observation #2, a cause value needs to be included in the value part of rejected NSSAI associated with each rejected S-NSSAI. But this cause value is not needed for the Requested NSSAI and Allowed NSSAI anymore.
(2) Based on Observation #3, multiple rejected S-NSSAIs associated with different cause values can be included in the Rejected NSSAI. But only single type S-NSSAI is included in the Requested NSSAI and Allowed NSSAI.

(3) The mapped S-NSSAI information may be required in the Requested NSSAI and Allowed NSSAI but this is not needed for Rejected NSSAI anymore.
With above disadvantages, it is a rather complicated and error-making way for implementation of the Requested NSSAI, the Allowed NSSAI and the Rejected NSSAI using the same IE coding. Hence we would propose:
Proposal #1: To use a separate IE coding for the Rejected NSSAI than reusing the same IE coding as the Requested NSSAI and Allowed NSSAI.
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Figure 9.8.3.21.2: S-NSSAI information element
Furthermore, based on Observation #2 and Observation #3, it is not a reasonable way to encode the rejected S-NSSAI and its associated cause value into two different separate IEs and then included in a single NAS message together (e.g. REGISTRATION ACCEPT). It is very difficult to associate the rejected S-NSSAI and the cause values in this way if more than one rejected S-NSSAI needs to be provided in a single NAS message. Furthermore, considering the REGISTRATION ACCEPT message may include a cause value IE for other use cases than the rejected NSSAI, it will make multiple cause value IEs in a single NAS message. Hence, we would propose:
Proposal #2: To include the rejected S-NSSAI and associated cause value in a single IE coding.

Based on Proposal #1 and #2, we propose:
Proposal #3: To encode the Rejected NSSAI IE as shown in Figure 1 and Figure 2.
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Figure 1: Rejected NSSAI information element
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Figure 2: Rejected S-NSSAI

Due to the SD part of an S-NSSAI is optional, it is unfeasible to include more than one rejected S-NSSAIs associated the same cause value into the same Rejected S-NSSAI field as shown in Figure 2 due to the UE cannot correctly parse the included per S-NSSAI code. For example, if the "Length of rejected S-NSSAI" field indicates 4 octets, it can be parsed as one S-NSSAI (SST+SD) or four S-NSSAIs (SST1+SST2+SST3+SST4). Hence, for a cause value, only one S-NSSAI value can be followed, either SST only (1 octet) or SST+SD (4 octets).
Following this definition, the Rejected NSSAI IE has a minimum length of 4 octets and a maximum length of 42 octets.
4. Conclusion

Based on the current stage 2 requirements on rejected NSSAI and the current implementation of rejected NSSAI in stage 3, this paper discussed the possible ways to encode the rejected NSSAI provided by the AMF to the UE and propose a feasible way forward.
Below observations are provided based on the discussion:

Observation #1: The maximum number of rejected S-NSSAI included in a single NAS message is eight (8) S-NSSAIs.
Observation #2: The cause value is associated with per rejected S-NSSAI, not associated with an NAS message.
Observation #3: The AMF can include multiple rejected S-NSSAIs associated with different cause values in a single NAS message.
Based on above observations, below proposals were provided:

Proposal #1: To use a separate IE coding for the Rejected NSSAI than reusing the same IE coding as the Requested NSSAI and Allowed NSSAI.
Proposal #2: To include the rejected S-NSSAI and associated cause value in a single IE coding.

Proposal #3: To encode the Rejected NSSAI IE as shown in Figure 1 and Figure 2.

Proposals 3 is captured in pCR C1-180187.
