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1 Introduction
In R3-120487/S2-121158 [1], SA2 asked RAN3 to introduce in their specifications the support for requesting the UE capabilities via Access Stratum. RAN3 discussed the issue and introduced UE Radio Capability Match Request procedure in RP-121140 [2] (CR#1011 vs. TS 36.413 [3] and CR#1194 vs. TS 25.413 [4]). Subsequently, some corrections were needed for the S1AP procedure and they were introduced in RP-121736 [5] (CR#1062 vs. TS 36.413 [6]).

The changes described above do not take into account the case in which the eNB does not have the Handover Restriction List (HRL) or the Subscriber Profile ID for RAT/Frequency priority (SPID) when the MME triggers the UE Radio Capability Match Request procedure.
This issue was previously presented in RAN3#79bis and some companies required more time to analyze it. Accordingly, with this contribution we describe again the issue and we propose a possible solution.
2 Introduction of the UE Radio Capability Match Request procedure

The UE Radio Capability Match Request procedure was introduced in Rel-11 to support ‘voice continuity’. Since the core network did not know the radio topology and also the UE radio capability, in order to have a complete view of the ‘voice continuity’ capability, checks from both the core network and radio access network were needed. 

The UE Radio Capability Match Request procedure was introduced to support the check from radio access network side and it is described in TS 23.401 subclause 5.3.14:

5.3.14
UE Radio Capability Match Request

If the MME requires more information on the UE radio capabilities support to be able to set the IMS voice over PS Session Supported Indication (see clause 4.3.5.8), then the MME may send a UE Radio Capability Match Request message to the eNB. This procedure is typically used during the Initial Attach procedure, during Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update" or when MME has not received the Voice Support Match Indicator (as part of the MM Context).
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Figure 5.3.14-1: UE Radio Capability Match Request

1
The MME indicates whether the MME wants to receive Voice support match indicator. The MME may include the UE Radio Capability information that it has previously received from the eNB via a S1-AP UE CAPABILITY INFO INDICATION as described in clause 5.11.2.

2.
Upon receiving a UE Radio Capability Match Request from the MME, if the eNB has not already received the UE radio capabilities from the UE or from MME in step 1, the eNB requests the UE to upload the UE radio capability information by sending the RRC UE Capability Enquiry.

3.
The UE provides the eNB with its UE radio capabilities sending the RRC UE Capability Information.

4.
The eNB checks whether the UE radio capabilities are compatible with the network configuration for ensuring voice service continuity of voice calls initiated in IMS.


For determining the appropriate UE Radio Capability Match Response, the eNB is configured by the operator to check whether the UE supports certain capabilities required for Voice continuity of voice calls using IMS PS. In a shared network, the eNB keeps a configuration separately per PLMN.

NOTE 1: 
What checks to perform depends on network configuration, i.e. following are some examples of UE capabilities to be taken into account:

-
the SRVCC, and UTRAN/E-UTRAN Voice over PS capabilities;

-
the Radio capabilities for UTRAN/E-UTRAN FDD and/or TDD; and/or

-
the support of UTRAN/E-UTRAN frequency bands.

NOTE 2: 
The network configuration considered in the decision for the Voice Support Match Indicator is homogenous within a certain area (e.g. MME Pool Area) in order to guarantee that the Voice Support Match Indicator from the eNB is valid within such area.

The eNB provides a Voice Support Match Indicator to the MME to indicate whether the UE capabilities and networks configuration are compatible for ensuring voice service continuity of voice calls initiated in IMS.

The MME stores the received Voice support match indicator in the MM Context and uses it as an input for setting the IMS voice over PS Session Supported Indication.

5.
If eNB requested radio capabilities from UE in step 2 and 3, eNB also sends the UE radio capabilities to the MME using the S1-AP UE CAPABILITY INFO INDICATION. The MME stores the UE radio capabilities without interpreting them for further provision to the eNB in cases described in clause 5.11.2.

NOTE 3:
Steps 4 and 5 may be received by the MME in any order.
For the radio access network check, it is assumed that eNB knows the radio topology (e.g., SRVCC to 2G and/or 3G, FDD/TDD layer, frequency bands, etc.) and matches it against what the UE can actually support. This radio topology aspect is kept outside of core network: that is why in TS 23.401 (step 4, second paragraph) you can read:

For determining the appropriate UE Radio Capability Match Response, the eNB is configured by the operator to check whether the UE supports certain capabilities required for Voice continuity of voice calls using IMS PS. In a shared network, the eNB keeps a configuration separately per PLMN.
Notice that if the eNB uses the Handover Restriction List (HRL) or the Subscriber Profile ID for RAT/Frequency priority (SPID) to make target handover selection/restriction, then the same parameters are also needed to evaluate whether ‘certain capabilities required for Voice continuity’ are also possible.

3 Behaviour of eNB without HRL and SPID during UE Radio Capability Match Request

Even though the UE Radio Capability Match procedure is executed within the E-UTRAN Initial Attach procedure (TS 23.401, subclause 5.3.2, step 12) or within the Tracking Area Update procedure (TS 23.401, subclauses 5.3.3.1 and 5.3.32, step 20), nothing guarantees that when the eNB receives the S1AP: UE RADIO CAPABILITY MATCH REQUEST message (Step 1 of Figure 5.3.14-1 above) it has previously received the Handover Restriction List (HRL) or the Subscriber Profile ID for RAT/Frequency priority (SPID).
Observation 1: currently it is not guaranteed that an eNB knows the SPID or the HRL at the time of receiving the UE RADIO CAPABILITY MATCH request.
At that point of time, the eNodeB will know all neighbouring systems/cells and their SRVCC capabilities. However, not all UEs may be allowed to use all of them. Consequently, if the eNodeB does not know both the HRL and the SPID for a particular UE, it will not be able to detect which subset of the neighbouring set is allowed for that UE.

As a first example, let us consider the following scenario:

· An LTE network has been assigned PLMN0 as PLMN ID and it is the UE’s current serving PLMN;

· Two UTRAN networks (deployed in MOCN) have been assigned PLMN1 and PLMN2 as PLMN IDs, respectively;
· PLMN1 is SRVCC capable, while PLMN2 is not.

· Only PLMN1 is an Equivalent PLMN of PLMN0, but this is unknown to the eNB.

In this case, without the knowledge of the list of Equivalent PLMNs (provided in the HRL), the eNB cannot know that PLMN1 is an Equivalent PLMN for that UE and cannot deduce whether SRVCC to UTRAN is possible or not for that UE.
A second example consists of the following scenario. Let us assume that SRVCC is not possible on all UTRAN frequencies. The SPID is used to select frequencies per UE. In this case, the eNodeB cannot decide the actual SRVCC capabilities for a given UE without previously knowing the SPID.
Given the examples above, we can observe:

Observation 2: an eNB needs to know HRL and SPID when receiving the UE RADIO CAPABILITY MATCH REQUEST message, otherwise it is not guaranteed to provide a correct answer to the MME.
4 Conclusion and proposal

In this discussion paper we showed that:

1) the eNB might not know the Profile ID for RAT/Frequency priority or the Handover Restriction List when receiving the UE RADIO CAPABILITY MATCH REQUEST message.

2) the eNB needs to know SPID and HRL in order to provide a correct answer to the UE RADIO CAPABILITY MATCH REQUEST procedure.
3) Consequently it is proposed the following:
Proposal 1: Introduce the Handover Restriction List IE and the Subscriber Profile ID for RAT/Frequency priority IE in the S1AP: UE RADIO CAPABILITY MATCH REQUEST message.
By extending the same observations as above to 3G (see TS 23.060 and TS 25.413), it is proposed the following:

Proposal 2: Introduce the SNA Access Information IE and the Subscriber Profile ID for RAT/Frequency priority IE in the RANAP: UE RADIO CAPABILITY MATCH REQUEST message.
It should also be clarified whether:
Option 1: the eNB/RNC should use the HRL (or SNA Access Information)/SPID for answering during the UE RADIO CAPABILITY MATCH REQUEST procedure, store these parameters and use them for further Handover decisions; 
or,

Option 2: the eNB/RNC should only use the HRL (or SNA Access Information)/SPID for answering during the UE RADIO CAPABILITY MATCH REQUEST procedure, without storing them and without using them for further Handover decisions.
Nokia Siemens Networks prefers Option 2 and the related CRs are in [7, 8].
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4. S1-AP: UE Radio Capability Match Response







5 S1-AP UE Capability Info Indication
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