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Abstract of the contribution: This paper introduces the problem in T-ADS resulting from UE Radio Capability Match Request procedure and proposes the solutions.
1. Discussion
At the previous meeting, TS 23.401 CR#2333R4 which proposes UE AS capability request over S1 was approved and implemented in TS 23.401 v11.1.0. As a result of the procedure of UE AS capability request over S1 (i.e., UE Radio Capability Match Request), the MME acquires from the eNB Voice Support Match Indicator which is used as an input for setting the IMS voice over PS Session Supported Indication for the UE.
If we look into the attach procedure shown in Figure 1 (copied from Figure 5.3.2.1-1: Attach procedure in TS 23.401), in step 8 (as highlighted in yellow), the MME can include “Homogenous Support of IMS Over PS Sessions” which indicates whether or not "IMS Voice over PS Sessions" is supported homogeneously in all TAs in the serving MME in Update Location Request sent to the HSS.

--- Excerpted from Table 5.2.1.1.1/1: Update Location Request in TS 29.272

	Homogeneous Support of IMS Voice Over PS Sessions
	Homogeneous-Support-of-IMS-Voice-Over-PS-Sessions
	O
	This Information Element, if present, indicates whether or not "IMS Voice over PS Sessions" is supported homogeneously in all TAs or RAs in the serving node (MME or SGSN or combined MME/SGSN).

The value "SUPPORTED" indicates that there is support for "IMS Voice over PS Sessions" in all TAs or RAs.

The value "NOT_SUPPORTED" indicates that theres is not support for "IMS Voice over PS Sessions" in any of the TAs or RAs.


And then in step 12, the MME performs UE Radio Capability Match Request procedure if required (as highlighted in green). Due to the result of this procedure, it is possible that the IMS voice over PS Session Supported Indication is decided to be ‘Not Supported’ for the UE although "IMS Voice over PS Sessions" is supported homogeneously in all TAs in the MME. If the MME includes “Homogenous Support of IMS Over PS Sessions” = “Supported” in ULR in step 8, there is mismatch between IMS voice over PS Session Supported Indication provided to the UE and Homogenous Support of IMS Over PS Sessions provided to the HSS.
The following is one of the example scenarios which causes the mismatch mentioned above:
1) IMS voice over PS Session Supported is covered by Intra LTE HO between 2 bands.
2) The UE performs attach procedure.
3) "IMS Voice over PS Sessions" is supported homogeneously in all TAs in the MME and the MME assumes that the UE supports both bands. Therefore, the MME sends “Homogenous Support of IMS Over PS Sessions” = “Supported” to the HSS when sending ULR in the attach procedure.

4) The MME performs UE Radio Capability Match Request procedure and gets Voice Support Match Indicator from eNB that the UE does not support the required band so IMS voice over PS Session Supported Indication should be set to ‘Not Supported’.
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Figure 1: Attach procedure (from Figure 5.3.2.1-1 in TS 23.401)
8.
If the MME has changed since the last detach, or if there is no valid subscription context for the UE in the MME, or if the UE provides an IMSI or the UE provides an old GUTI which doesn't refer to a valid context in the MME, or for some network sharing scenario (e.g. GWCN) if the PLMN-ID of the TAI supplied by the eNodeB is different from that of the GUTI in the UE's context, the MME sends an Update Location Request (MME Identity, IMSI, ME Identity, MME Capabilities, ULR-Flags, Homogeneous Support of IMS Over PS Sessions, UE SRVCC capability, equivalent PLMN list) message to the HSS. The MME capabilities indicate the MME's support for regional access restrictions functionality. ULR-Flags indicates "Initial-Attach-Indicator" as this is an Attach procedure. Homogenous Support of IMS Over PS Sessions indicates whether or not "IMS Voice over PS Sessions" is supported homogeneously in all TAs in the serving MME. The inclusion of the equivalent PLMN list indicates that the MME supports the inter-PLMN handover to a CSG cell in an equivalent PLMN using the subscription information of the target PLMN.


If the UE performs Initial or Handover Attach in a VPLMN supporting Autonomous CSG Roaming and the HPLMN has enabled Autonomous CSG Roaming in the VPLMN (via Service Level Agreement) and the MME needs to retrieve the CSG subscription information of the UE from the CSS, the MME initiates the Update CSG Location Procedure with CSS as described in clause 5.3.12.


If the MME determines that only the UE SRVCC capability has changed, the MME sends a Notify Request to the HSS to inform about the changed UE SRVCC capability.

For an Emergency Attach in which the UE was not successfully authenticated, the MME shall not send an Update Location Request to the HSS.
12.
For an Emergency Attach the MME applies the parameters from MME Emergency Configuration Data for the emergency bearer establishment performed in this step and any potentially stored IMSI related subscription data are ignored by the MME.


...

The new MME selects a Serving GW as described in clause 4.3.8.2 on Serving GW selection function and allocates an EPS Bearer Identity for the Default Bearer associated with the UE. Then it sends a Create Session Request (IMSI, MSISDN, MME TEID for control plane, PDN GW address, PDN Address, APN, RAT type, Default EPS Bearer QoS, PDN Type, APN-AMBR, EPS Bearer Identity, Protocol Configuration Options, Handover Indication, ME Identity, User Location Information (ECGI), UE Time Zone, User CSG Information, MS Info Change Reporting support indication, Selection Mode, Charging Characteristics, Trace Reference, Trace Type, Trigger Id, OMC Identity, Maximum APN Restriction, Dual Address Bearer Flag, the Protocol Type over S5/S8, Serving Network) message to the selected Serving GW. User CSG Information includes CSG ID, access mode and CSG membership indication.


...

If the MME requires the eNB to check whether the UE radio capabilities are compatible with the network configuration (e.g. whether the SRVCC or frequency support by the UE matches that of the network) 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 to the eNB as defined in clause 5.3.14.
-------------------------------------------------
Let’s take a look at how the mismatch described above affects T-ADS when the SCC AS receives the incoming voice call destined to the UE.
According to TS 23.292, for 3GPP PS access networks and for incoming sessions with bi-directional speech media destined to a selected contact, the SCC AS shall request the HSS to retrieve the T-ADS data ("IMS voice over PS Session Supported Indication", current RAT type) from the serving PLMN unless there is an existing speech session using the CS bearer that is not using the Gm service control signalling path.
According to TS 29.272, the HSS uses “Homogenous Support of IMS Over PS Sessions” related to the T-ADS data retrieval requested from the SCC AS as below:

--- Excerpted from 5.2.1.1.3 Detailed behaviour of the HSS  (※ 5.2.1.1 Update Location)
If the HSS receives an indication in the ULR command about the homogeneous support of IMS Voice over PS Sessions in all TA/RAs associated to a serving node, it may use this information in the future in order to skip the T-ADS data retrieval, as described in clause 5.2.2.1 (IDR/IDA commands).
--- Excerpted from 5.2.2.1.3 Detailed behaviour of HSS  (※ 5.2.2.1 Insert Subscriber Data)
If the HSS received an indication in a former ULR command from the MME or SGSN about homogeneous support of IMS Voice over PS Sessions in all TA/RAs associated to that serving node, it may use this information to skip the retrieval of T-ADS data. This can only be done if all the registered serving nodes in HSS for the UE indicated in ULR the same type of homogeneous support (i.e. both serving nodes indicated "SUPPORTED", or both serving nodes indicated "NOT_SUPPORTED"); otherwise, the retrieval of T-ADS data shall be done, to receive the time of the last radio contact with the UE.
In conclusion, the MT call delivery to the domain firstly selected by T-ADS will fail if the HSS skips retrieval of the T-ADS data when the MME provided “Homogenous Support of IMS Over PS Sessions” as ‘Supported’ in Update Location Request and the “IMS Voice over PS Sessions Supported Indication” was provided as ‘Not Supported’ based on Voice Support Match Indicator resulting from UE Radio Capability Match Request procedure.

The problem mentioned above occurs in TAU procedure as well as Attach procedure.

2. Overview of Proposed Solutions and Analysis
This section introduces three alternatives to solve the problem mentioned above.
1) Alternative 1:
Clarification is made regarding the inclusion of Homogenous Support of IMS Over PS Sessions in ULR as following:

If the E-UTRAN supports UE Radio Capability Match Request procedure, the Homogenous Support of IMS Over PS Sessions can only be set if at UE Radio Capability Match Request procedure the MME has determined that IMS Voice over PS Sessions is supported.
< Pros >

- No new message compared to the existing messages used for Attach and TAU procedures.

<Cons>

- IDR/IDA signalling between the HSS and the MME for every T-ADS data retrieval from SCC AS.
S2-121527 is the accompanying CR to TS 23.401 for Alternative 1.

2) Alternative 2:

This alternative proposes the clarification proposed in Alternative 1, and in addition introduces the inclusion of Homogenous Support of IMS Over PS Sessions in IDA as below:
Optionally, in order to optimize the IDR/IDA signalling, Homogenous Support of IMS Over PS Sessions can be sent with IMS voice over PS Session Supported Indication in Insert Subscriber Data Answer from the MME if IMS Voice over PS Sessions is supported homogeneously in all TAs in the serving MME and if at UE Radio Capability Match Request procedure the MME has determined that IMS Voice over PS Sessions is supported.
< Pros >

- No new message compared to the existing messages used for Attach and TAU procedures.

<Cons>

- New IE to contain “Homogenous Support of IMS Over PS Sessions” is needed in Insert Subscriber Data Answer.

S2-121528 is the accompanying CR to TS 23.401 for Alternative 2.
3) Alternative 3:

In this alternative, the MME sends “IMS Voice over PS Sessions Supported Indication” by Notify Request to the HSS if there is mismatch between IMS voice over PS Session Supported Indication provided to the UE and Homogenous Support of IMS Over PS Sessions provided to the HSS by ULR as a result of UE Radio Capability Match Request procedure.
< Pros >

- No new message compared to the existing messages used for Attach and TAU procedures.

<Cons>

- Possibly additional Notify Request only to inform the HSS that “Homogenous Support of IMS Over PS Sessions” stored in the HSS is not valid by sending “IMS Voice over PS Sessions Supported Indication”.

- New IE to contain “IMS Voice over PS Sessions Supported Indication” is needed in Notify Request.

- New storage for “IMS Voice over PS Sessions Supported Indication” in the HSS.
- Change in behaviour of the HSS to process T-ADS data retrieval.

S2-121435 is the CR to TS 23.401 for Alternative 3.

3. Proposal

Based on the decision taken by the group, it is proposed to select one of the alternatives introduced in this paper and to agree the related TS 23.401 CR. The agreed changes should be made to the TS 23.060 CR to add UE Radio Capability Match Request procedure.
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