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1. Introduction
When recalling discussion on ACDC in CT1, there were two (2) discussion papers [1, 2] tabled in CT1#90 meeting and finally an LS [3] was sent to SA1 (cc: RAN2) to confirm some key issues including:

(1) The number of ACDC categories in HPLMN and VPLMN

(2) Whether the ACDC only applies to the UE in idle mode

Thereafter, there were three (3) discussion papers [4-6] and related CRs tabled in CT1#91 meeting but all them are postponed due to no feedback from SA1 during the week of CT1#91 on the pending key issues.
At the end of the latest SA1#70 meeting (hold in the same week as last CT1#91 meeting), SA1 has agreed some new updated requirements on ACDC and replied an LS to CT1 in [7] (cc RAN2).
This discussion paper attempts to discuss how to implement the ACDC categories at the stage 3 based on the new agreed SA1 requirements and then give some proposals as inputs for agreeing a workable solution for ACDC in CT1.

2. Discussion

2.1 New SA1 requirements on ACDC
At the last SA1#70 meeting, SA1 agreed a CR to update the requirements on ACDC [8] and replied an LS to CT1 (cc RAN2) to provide the feedback on CT1’s key issues and inform the new updated requirement on ACDC.
About the configuration and handling of ACDC categories at the UE, the new updated SA1 requirements can be summarized as below:
(1)  The home network shall be able to configure a UE with at least four ACDC categories to each of which particular, operator-identified applications are associated.
(2)  ACDC categories are ordered according to their expected restriction level. The highest (resp. lowest) ACDC category is expected to be restricted the least (resp. the most).
(3)  Applications on a UE that are not assigned to any ACDC category shall be treated by the UE as part of the lowest ACDC category configured in the UE. If the operator requires differentiation with respect to these uncategorized applications, the operator should avoid assigning applications to the lowest ACDC category.
(4)  The home network and the serving network may use different categorization and three type of applications were defined:
· Applications with matching ACDC category:

· an application with an ACDC category for which barring information is broadcast by the serving network and that has the same rank as the rank of a configured ACDC category in the UE.
· Applications with unmatched ACDC category:

· an application with an ACDC category for which barring information is broadcast by the serving network but with no corresponding ACDC category configured in the UE; or
· an application with an ACDC category configured in the UE but with no corresponding barring information broadcast by the serving network.
· Uncategorized applications:

· Applications on a UE that are not assigned to any ACDC category.
(5)  Following above (4), the ACDC check at the AS layer can be summarized as in Table 1:
Table 1: ACDC check at the AS layer
	Scenarios
	Applications types
	ACDC actions

	I.   Serving network broadcasts more ACDC categories than the UE's configuration (See Figure 1)
	Applications with matching ACDC category (i.e. application with categories 1, 2, 3, 4 in Figure 1)
	Use barring information of matching ACDC category broadcasted in SIB (i.e. categories 1, 2, 3, 4 in Figure 1)

	
	Applications with unmatched ACDC category (i.e. application with categories 5 in Figure 1)
	Ignore barring information of unmatched categories broadcasted in SIB

	
	Uncategorized applications
	Use barring information of the lowest  category broadcasted in SIB

	II.  Serving network broadcasts fewer ACDC categories than the UE's configuration (See Figure 2)
	Applications with matching ACDC category (i.e. application with categories 1, 2, 3 in Figure 2)
	Use barring information of matching ACDC category broadcasted in SIB (i.e. categories 1, 2, 3 in Figure 2)

	
	Applications with unmatched ACDC category (i.e. application with categories 4 in Figure 2)
	Use barring information of the lowest  category broadcasted in SIB (i.e. categories 3 in Figure 2)

	
	Uncategorized applications
	Unspecified
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Figure 1: UE behaviours on ACDC category – Scenario I
In Figure 1, the UE is configured with ACDC categories 1, 2, 3, 4 in order while the network broadcasts the baring information for the ACDC categories 1, 2, 3, 4, 5 in order. For the UE, the category 1 is the highest category while category 4 is the lowest category.
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Figure 2: UE behaviours on ACDC category – Scenario II
In Figure 2, the UE is configured with ACDC categories 1, 2, 3, 4 in order while the network broadcasts the baring information for the ACDC categories 1, 2, 3 in order. For the UE, the category 1 is the highest category while category 4 is the lowest category.

2.2 Open issues on new SA1 requirements on ACDC categories
Even SA1 has re-evaluated stage 1 requirements on ACDC based on the CT1 LS and updated related requirements to make the thing clearer, there are still some issues which are not crystal on ACDC categories when considering how to implement the ACDC categories in stage 3. Some open issues need to be discussed in RAN2 as well but here only cover the open issues in which CT1 is involved.

Open Issue #1: how many ACDC categories need to be provided from NAS to AS
If CT1 agreed to provide separate ACDC category information from NAS to AS (not defining new Call type as ACB skip for SCM), then it needs further to decide how many ACDC categories to be provided from NAS to AS. A proposal tabled in CT1 (see [4]) is to provide a "bit map" of ACDC categories to the AS layer for all ongoing applications to cover the RRC re-establishment scenarios. 

Unlike ACB skip for SCM, here all ACDC categories configured at the UE have their order and hence the NAS layer can know the restriction level of ACDC categories mapped from the ongoing applications. Considering the final result of ACDC check is whether the current RRC setup request is allowed or not at AS layer, so it would be better to let NAS to provide all ACDC categories mapped from the ongoing applications to AS layer and then to let AS layer to do the final decision.

Proposal I: NAS layer provides all ACDC categories mapped from the ongoing applications to AS layer.
Open Issue #2: the order of ACDC categories provided from NAS to AS
In the updated SA1 requirement, it clearly specified that "When applying ACDC, the serving network broadcasts barring information starting from the highest to the lowest ACDC category." Here the order is based on expected restriction level per ACDC category, i.e. the highest (resp. lowest) ACDC category is expected to be restricted the least (resp. the most).
However, it is not very clear from SA1 that the order of ACDC categories provided from NAS layer to AS layer when multiple ACDC categories need to be provided in parallel. SA1 just provided some hints in a below Note:
"NOTE:
A matching ACDC category is an ACDC category for which barring information is broadcast by the serving network and that has the same rank as the rank of a configured ACDC category in the UE."

Considering SA1 has clearly specified the ACDC category matching handling at the AS layer, and following the above hint, it could have:
Proposal II: ACDC categories provided from NAS layer to AS layer have the same order as the ACDC categories broadcasted in SIB, i.e. starting from the highest to the lowest ACDC category.
Open Issue #3: the maximum number of ACDC categories need to be configured at the UE
In the updated SA1 requirement, it does only specify that "The home network shall be able to configure a UE with at least four ACDC categories to each of which particular, operator-identified applications are associated." However, it is unclear the expected maximum number of ACDC categories need to be configured at the UE. Though SA1 has a below Note:
"Note:
Provisioning of the ACDC categories in the UE is the responsibility of the home network, and the categorization is outside the scope of 3GPP."

If CT1 agreed a solution for ACDC that the NAS layer needs to provide all ACDC categories mapped from the ongoing applications (e.g. a "bit map") to AS layer, then CT1 needs to keep in mind that how long this "bit map" can be. This is based on how many ACDC categories can be mapped at the same time per UE for the ongoing applications. Considering there are many new applications deployed in the future, the MO configuration for ACDC categories at UE should be future compatible. Note that the similar issue needs to be considered in RAN2 to evaluate the maximum number of ACDC categories broadcasted in the SIB.
Proposal III: It should keep in mind the maximum number of ACDC categories need to be configured at the UE and agree a future compatible solution.
Open Issue #4: the handling of uncategorized applications
When seeing the updated SA1 requirement, the “uncategorized applications” is “Applications on a UE that are not assigned to any ACDC category”. SA1 has clearly specified the UE will treat uncategorized applications as part of the lowest ACDC category configured in the UE. Hence, when NAS layer performing the ACDC category map from the ongoing applications, all uncategorized applications will be mapped to the lowest ACDC category, e.g. in Figure 1, all uncategorized applications will be mapped to category 4. If CT1 agrees the ACDC category mapped from the ongoing applications is performed at NAS layer only, i.e. the AS layer performs ACDC check just based on the ACDC categories provided by the NAS layer only, the AS layer will be agnostic of uncategorized applications. Furthermore, the eNodeB is also not aware of the uncategorized applications at the UE anymore.

However, when seeing the ACDC categories matching handling defined in the updated SA1 requirements (as summarized in Table 1), the handling of uncategorized applications was specified as well in case of the serving network broadcasts more ACDC categories than the UE's configuration:
"-
If the serving network broadcasts  more ACDC categories than the UE's configuration, the UE shall use barring information for the matching ACDC categories, and shall bar uncategorised applications using the barring information for the lowest  category broadcast by the serving network, and shall ignore barring information for unmatched categories. "
Note that in case of serving network broadcasts fewer ACDC categories than the UE's configuration, the handling of uncategorized applications was unspecified. Now the question to CT1 is: whether the NAS layer needs explicitly provide the uncategorized application information to the AS layer and if so, how to provide it?

To simplify the ACDC category matching at the AS layer, it could have:

Proposal IV: For all uncategorized applications, NAS layer maps them to the configured lowest ACDC category and provides the mapped lowest ACDC category to the AS layer.

Proposal V: Send an LS to SA1 (and cc RAN2) to ask SA1 to clean-up the misaligned requirement between the NAS layer and AS layer for uncategorized applications.

3. Conclusion
It proposes CT1 to take below proposals into account when discussing a workable solution for ACDC:
Proposal I: NAS layer provides all ACDC categories mapped from the ongoing applications to AS layer.
Proposal II: ACDC categories provided from NAS layer to AS layer have the same order as the ACDC categories broadcasted in SIB, i.e. starting from the highest to the lowest ACDC category.
Proposal III: It should keep in mind the maximum number of ACDC categories need to be configured at the UE and agree a future compatible solution.
Proposal IV: For all uncategorized applications, NAS layer maps them to the configured lowest ACDC category and provides the mapped lowest ACDC category to the AS layer.

Furthermore, it proposes CT1 to send an LS to SA1 and cc RAN2 to cover below proposal:
Proposal V: Send an LS to SA1 (and cc RAN2) to ask SA1 to clean-up the misaligned requirement between the NAS layer and AS layer for uncategorized applications.
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