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1. Introduction
This contribution will examine the relationship between an S-NSSAI in the serving PLMN and an S-NSSAI in the home PLMN.
2. Reason for Change
Issue 1. Supporing multiple mapped (home) S-NSSAIs per each S-NSSSAI in the serving PLMN

In the current TS 24.501 (as of v1.1.1), each S-NSSAI can have at most one mapped S-NSSAI, which consists of "mapped SST" and optional "mapped SD" field, as follows:
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Figure 9.8.3.47.1: S-NSSAI information element
Observation 1. Current specification assumes that at most one S-NSSAI in the Configured NSSAI for the HPLMN can be mapped to an S-NSSAI used in the serving PLMN.

However, if we refer some stage 2 texts, and even in the other part of TS 24.501, this coding of S-NSSAI is not correct.

In TS 23.501 v15.1.0, clause 5.15.4.1,
The Configured NSSAI for the Serving PLMN includes the S-NSSAI values which can be used in the Serving PLMN and may be associated with mapping of each S-NSSAI of the Configured NSSAI to one or more corresponding S-NSSAI values in the Configured NSSAI for the HPLMN.
Also in SA2#127 meeting, a relevant CR in S2-184537 was approved for clarifying this in clause 5.15.4.1.1.

Upon successful completion of a UE's Registration procedure over an Access Type, the UE obtains from the AMF an Allowed NSSAI for this Access Type, which includes one or more S-NSSAIs,  and, if needed (see clause 5.15.4.1.1 for when this is needed), their mapping to the S-NSSAIs in the Configured NSSAI for the HPLMN.
Even in stage 3, the mapping information of the requested NSSAI is specified as follows in clause 4.6.2.1:
In roaming scenarios the UE may also provide the mapping of each S-NSSAI of the requested NSSAI to the S-NSSAIs of the configured NSSAI for the HPLMN, if available.
Observation 2. Stage 2 texts specifies that one or more S-NSSAIs (in the Configured NSSAI for the HPLMN) can be mappted to an S-NSSAI of the Configured NSSAI (for the serving PLMN)

With these observations we may need to analyze further how the mapping relation between one S-NSSAI in the serving PLMN and an S-NSSAI in the home PLMN.
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Figure 1. One-to-one mapping between S-NSSAI in serving PLMN and S-NSSAI in the HPLMN
If the number of S-NSSAIs in a configured or allowed NSSAI for the serving PLMN is same as the number in a configured NSSAI for the HPLMN, the scenario is very simple. Each S-NSSAIs in the (serving) configured NSSAI has one mapped S-NSSAI in the configured NSSAI for the HPLMN. However, we cannot assume that the numbers of S-NSSAIs in NSSAI of the serving PLMN and in NSSAI of the HPLMN are always same, e.g. serving PLMN does not allow multiple slices for the inbound roamer. In this case, one-to-one mapping is broken.
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Figure 2.

If the number of S-NSSAIs in the serving PLMN is smaller than the number in the HPLMN, or some S-NSSAI in the serving PLMN does not have mapped S-NSSAI (since the mapping information is optional), the scenario in figure 2 can occur. However, in the UE’s URSP, there can be routing rule associated with the S-NSSAI_H #3, which does not have any mapping with the serving S-NSSAI. Since the UE always make a decision based on URSP rule which is based on the Configured NSSAI for the HPLMN, if there’s no associated S-NSSAI value in the serving PLMN for a certain rule’s S-NSSAI (home value), this traffic cannot be supported in the serving PLMN. 
Looking back to the observation 2, if we allow one-to-N mapping between S-NSSAI in the serving PLMN and S-NSSAIs in the HPLMN, this can be resolved easily. Also this way is aligned with the stage 2.

Proposal 1. Update stage 3 specification to support multiple mapped S-NSSAIs (for the HPLMN) to one S-NSSAI in the serving PLMN.

Note that this principle should be applied to the allowed NSSAI, requested NSSAI and configured NSSAI for the serving PLMN. For this proposal, also the size of relevant IEs should be updated. With the proposal 1, the scenario in the figure 2 can be updated as figure 3 below:
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Figure 3. One-to-N mapping between S-NSSAI in serving PLMN and S-NSSAIs in the HPLMN

If one-to-N mapping is possible, how about the N-to-one mapping, i.e. multiple S-NSSAIs in NSSAI for the serving PLMN maps to a single S-NSSAI value in the configured NSSAI for the HPLMN. Current specifications does not prevent for each S-NSSAIs in the serving PLMN to include mapping to the same S-NSSAI in the HLMN. But from the UE’s perspective, this should not be allowed.
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Figure 4. N-to-one mapping between S-NSSAIs in serving PLMN and S-NSSAI in the HPLMN
As we said above, the URSP rules stored in the UE will decide which network slice (represented by an S-NSSAI) to be used for a specific traffic. Let’s say that a cerain S-NSSAI (in the HPLMN) is selected for a certain traffic (e.g. S-NSSAI_H #2 in the figure 4). If multiple S-NSSAIs in the serving PLMN has mapping to that S-NSSAI in the HPLMN, the UE cannot decide which S-NSSAI in the serving PLMN should be used for this traffic. If there is additional criteria for selecting S-NSSAI in the serving PLMN, this problem may be resolved, but there’s no requirements anywhere in stage 2 nor stage 3. Also this “new criteria” may violate the principle of URSP (which should be decided by the HPLMN). As a result, N-to-one mapping between S-NSSAIs in serving PLMN and S-NSSAI in the HPLMN should not be allowed.
Proposal 2. N-to-one mapping between S-NSSAIs in serving PLMN and S-NSSAI in the HPLMN should not be allowed
One remaining problem is the number of mapped S-NSSAIs per each S-NSSAIs. CT1 has decided that the Configured NSSAI can include maximum of 16 S-NSSAI values. In one scenario, serving PLMN may support only one network slice while the UE has sixteen S-NSSAIs in the configured NSSAI for the HPLMN. In this extreme case, the number of mapped S-NSSAI values for the HPLMN associated with each S-NSSAI can be at most 16 values. And with the proposal 2, one S-NSSAI in the configured NSSAI for the HPLMN can only be associated once among the multiple S-NSSAIs in the serving PLMN. So even the maximum number of mapped S-NSSAI for one S-NSSAI is sixteen, the total number of mapped S-NSSAIs for an “NSSAI” cannot exceed sixteen also, which may affect the maximum size of “NSSAI” information elements.
Proposal 3. The maximum number of mapped S-NSSAIs for each S-NSSAI cannot exceed sixteen.

Proposal 4. The total number of mapped S-NSSAIs included in an NSSAI cannot exceed sixteen.
Issue 2. Mandating mapping information in the roaming scenario.

There is another problem in the figure 2. If the serving PLMN provides an S-NSSAI without any mapping information to the HPLMN value, (e.g. S-NSSAI_3 #3 in Figure 2), actually this value is not going to be utilized, since the URSP does not have any mapping to this value. Any traffic from the upper layer will not be requested for this S-NSSAI, so this S-NSSAI without any mapping information is useless value. There’s no harm with this value, but the UE and the network waste 4 octets per such an S-NSSAI which will not be used anyway. 
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Figure 2.

In principle, if the serving PLMN provides a certain S-NSSAI value, this value should be associated to the URSP rule in order to utilize this S-NSSAI value. So in the roaming scenario, the mapping information to S-NSSAIs in the configured NSSAI in the HPLMN shall be included, not optionally included.
Proposal 5. The mapping information for each S-NSSAI shall be included when the UE is not in the HPLMN

Note that this may need stage 2 requirements, so we may need to send an LS to SA2.
Issue 3. Handling of default URSP rule

When we talked about figure 2 in issue 1, one problem is that some traffic cannot be mapped to any S-NSSAI in the serving PLMN, which result in the failure of traffic delivery. This can be an abnormal case, and whether to mandate the operator to support mapping to all S-NSSAI values in the HPLMN needs to be discussed. But this mandate can be burdensome for some operator which may require additional query for UE’s subscription to the UDM or NSSF.
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Figure 5.

One compromised way is mandating only the mapping to an S-NSSAI associated with the default URSP rule. The default rule is defined in TS 23.501, clause 5.15.5.3 as follow:

The network operator (HPLMN) may provision the UE with Network Slice selection policy (NSSP) as part of the URSP rules, see TS 23.503 [45], clause 6.6.2. The NSSP rules associate an application with one or more S-NSSAIs in Configured NSSAI for the HPLMN of the UE. A default rule which matches all applications to an S-NSSAI in Configured NSSAI for the HPLMN may also be included. 
If the serving PLMN provides an S-NSSAI which is associated with the “default” S-NSSAI in the configured NSSAI for the HPLMN, the issue can be simplified. 
When the UE is not in the HPLMN, and the UE has the default rule, which is associated with a default S-NSSAI (#Z). This default S-NSSAI (#Z) is mapped with an S-NSSAI (#1) in the serving PLMN
1) If a rule in URSP matches and;

A. If associated S-NSSAI in the HPLMN (#A) is mapped with an S-NSSAI (#2) in the serving PLMN
i. The UE requests to send the traffic via S-NSSAI #2 (with the mapping to #A)

B. If associated S-NSSAI in the HPLMN (#A) is not mapped with any S-NSSAI in the serving PLMN
i. The UE requests to send the traffic via S-NSSAI #1 (with the mapping to default S-NSSAI #Z)
2) If any rule in URSP does not match,

A. The UE requests to send the traffic via S-NSSAI #1 (with the mapping to default S-NSSAI #Z)

Since there’s no stage 2 requirement regarding this scenario, we would like to propose to send an LS to SA2 asking to resolve this scenario, or whether this scenatio needs to be resolved.
Proposal 6. Send an LS to SA2 to ask if there’s any requirement needed for referring all the S-NSSAIs in the configured NSSAI for the HPLMN by the serving PLMN or not.

3. Conclusions

Regarding the issue on the supporing multiple mapped (home) S-NSSAIs per each S-NSSSAI in the serving PLMN, the following observations and proposals have been made:

Observation 1. Current specification assumes that at most one S-NSSAI in the Configured NSSAI for the HPLMN can be mapped to an S-NSSAI used in the serving PLMN.

Observation 2. Stage 2 texts specifies that one or more S-NSSAIs (in the Configured NSSAI for the HPLMN) can be mappted to an S-NSSAI of the Configured NSSAI (for the serving PLMN)

Proposal 1. Update stage 3 specification to support multiple mapped S-NSSAIs (for the HPLMN) to one S-NSSAI in the serving PLMN.

Proposal 2. N-to-one mapping between S-NSSAIs in serving PLMN and S-NSSAI in the HPLMN should not be allowed
Proposal 3. The maximum number of mapped S-NSSAIs for each S-NSSAI cannot exceed sixteen.

Proposal 4. The total number of mapped S-NSSAIs included in an NSSAI cannot exceed sixteen.
Also some relevant potential problems have been observed, which seem to require larifications in stage 2, so it was proposed to send an LS to SA2.
Proposal 5. The mapping information for each S-NSSAI shall be included when the UE is not in the HPLMN

Proposal 6. Send an LS to SA2 to ask if there’s any requirement needed for referring all the S-NSSAIs in the configured NSSAI for the HPLMN by the serving PLMN or not.

For the first issue, proposal 1 through 4 are covered by a companion pCR in C1-183424, and potential draft LS to SA2 regarding proposal 5 and 6 is proposed in C1-183425.
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