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1 Introduction
In the RAN2-105bis, for the PLMN-specific UE capability ID, it has been agreed that different filters in different parts of the PLMN may be used as below:
Agreements for PLMN assigned capability ID

1
It is possible for the network to use different filters in different parts of the PLMN 

FFS: Whether any extensions to the current filter mechanism are needed.
2
UE provides capability to the network based on the filter and if an ID is assigned then the ID is associated to whatever capabilities it has transferred earlier.  
In this contribution we will further discuss on the filters for PLMN specific UE capability ID.
2 Discussion
As agreed in the last RAN2 meeting, within a PLMN, different regions may employ different filters based on local policy. According to SA2 agreed CR [1], The UE could store up to 16 PLMN assigned UE capability IDs, as follows:

The number of PLMN-specific UE Radio Capability IDs that the UE stores in non-volatile memory is left up to UE implementation. However, to minimise the load (e.g. from radio signalling) on the Uu interface and to provide smoother inter-PLMN mobility (e.g. at land borders) the UE shall be able to store at least the latest 16 PLMN-assigned UE Radio Capability IDs (along with the PLMN that assigned them). 

As a result of UE mobility among several different regions where different filter policies are employed, the UE might store one or several PLMN-assigned UE capability IDs even for one PLMN as shown in the following figure 1. 
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Figure 1: multiple PLMN specific UE Capability IDs
As captured in [1], “At any given time at most one UE Radio Capability ID is stored in the UE context in CN and RAN.” The UE has to select one of the capabilities when initiating registration to the network. However, for the UE is difficult to know which capability ID is suitable for the current gNB. As shown in the following figure, if the UE selects a capability ID which uses the filters different from the current gNB in initial registration, when the CN pushes the capability ID as well the UE capabilities to the gNB, the gNB has to re-enquiry the capability from the UE with filters for this region even if the UE has actually already stored the UE capability with the desired filters and the network has already known the capability ID.
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Figure 2: selection of unsuitable UE capability ID
Observation 1: the UE may have several PLMN-assigned Capability IDs for one PLMN corresponding to different filters, but only one Capability ID is in use at any given time.

Observation 2: if the in use Capability ID doesn’t match with the filter used for RAN, RAN has to re-enquiry the UE radio capabilities which might already be assigned with a Capability ID and stored in the database of the network.

To avoid unnecessary consumption of reporting UE radio capabilities which are known by the network, it would be better to ensure the UE selected Capability ID matches with the filter setting in the RAN side. Besides the initial registration, as the result of UE mobility, when the UE performs cell resection to a new cell, and if the new cell belong to RAN which uses filter different to the previous RAN, the old in use Capability ID would not be suitable. When the UE initiates state transition in the new cell, a Capability enquiry would be needed to be triggered.

Observation 3: the mismatch between in use Capability ID and filter used in RAN might happen in both initial registration and UE mobility scenarios
Several options in [2][3][4] could be used to address the issue of Capability ID mismatch in the above scenarios. Basically, they can be classified into “proactive solutions”, where network tries to ensure that the UE indicates the proper UE Capability ID in the NAS signalling, and “reactive solution”, which focuses on optimization after the mismatched capability ID has been reported.
Proactive solutions:
Option 1: Providing filter to the UE in advance [2][3]

In this option, the network needs to provide the RAN preferred filter before the UE indicates the Capability ID to the network. For example, as shown in the figure below, in initial registration scenario, the CN provide the filter used in the region to UE in NAS signalling before the UE reports the Capability ID in NAS signalling. For mobility scenario, the network might need to provide preferred filter to the UE in each Tracking Area Update Accept procedure, so that the UE can check whether the in use Capability ID is appropriate or not. The UE could use the capability change procedure to change the in use Capability ID.

[image: image3.emf]AMF

UE

Registration accept (Prefer filter2)

gNB

 UE capability ID1,filter1

 UE capability ID2,filter2

 UE capability IDx,filterx

Using filter2

Registration (support of Capability ID)

UCMF

 UE capability ID1,filter1

 UE capability ID2,filter2

 UE capability IDx,filterx

NAS[UE capability ID2]


Figure 3: providing preferred filter to UE
Option 2: Configure valid areas for UE Capability ID when assigning the UE Capability ID 
In this option, as shown in the figure below, when the network assigns a UE Capability ID to a UE, the associated valid area, for example in form of TA lists, is also assigned to the UE. For initial registration scenario, the UE could select the proper Capability ID according the camped area. For the UE mobility scenario, the UE could use the capability change procedure to change the in use Capability ID if new cell doesn't belong to the valid area of the old in use UE Capability ID.
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Figure 4: Assignment of TAI list for Capability ID to UE
Reactive solution:
Option 3: allow the UE to skip report of UE radio capabilities for which a Capability ID has been assigned [4]
In this option, for both scenarios, if the RAN finds out that the filter for in use Capability ID doesn’t match with the filter used by itself, the RAN would trigger a capability enquiry procedure to the UE with the preferred filter. If the UE has a Capability ID associated to the requested filter, the UE could indicate the Capability ID to the RAN while actually not including the UE radio capabilities. This could also help to somehow reduce the consumption for report of UE radio capabilities.
In RAN2-105, it was agreed that a Capability ID might not be known through the PLMN, according to the flowing agreement:
Agreements for PLMN assigned capability ID

[…]

3
The Capability ID is unique within a PLMN - i.e. the UE can provide to capability ID anywhere within this PLMN (this does not imply that Capability ID to capability set mapping needs to be known throughout the PLMN)
This means that for option 3, we would have the risk that the network doesn’t know the Capability ID reported in the Capability Enquiry procedure, and has to re-enquiry the actual radio capabilities again. This would increase both latency and signalling cost. Therefore, option 3 is not preferred from this point of view.

For option 1 and option 2, we think they are both feasible from RAN2 point of view. In option 2, we only need to configure TA list when the Capability ID is assigned. On the other hand, in option 1 we need to indicate the filters in each tracking area update procedure. So we prefer option 2: although it prevents to use filters in a finer granularity than TA level, it is acceptable to us.
Proposal 1: To assist the UE to report the correct Capability ID, the associated TA list should be indicated to the UE when assigning the Capability ID to the UE.

Proposal 2: send an LS to SA2 about this issue and RAN2 decision on this.

3 Conclusions
The paper discussed on the filtering and PLMN specific UE capability ID report and make the following proposals:
Observation 1: the UE may have several PLMN-assigned Capability IDs for one PLMN corresponding to different filters, but only one Capability ID is in use at any given time.

Observation 2: if the in use Capability ID doesn’t match with the filter used for RAN, RAN has to re-enquiry the UE radio capabilities which might already be assigned with a Capability ID and stored in the database of the network.

Observation 3: the mismatch between in use Capability ID and filter used in RAN might happen in both initial registration and UE mobility scenarios
Proposal 1: To assist the UE to report the correct Capability ID, the associated TA list should be indicated to the UE when assigning the Capability ID to the UE.
Proposal 2: send an LS to SA2 about this issue and RAN2 decision on this.
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