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Abstract of the contribution: This contribution argues that there is no need for access stratum (AS) SRVCC capability for GERAN/UTRAN. At the same time, there is a need for NAS-level SRVCC capability for 1x. It is proposed to define a "SRVCC operation possible" indication signalled from MME to eNodeB, which means that both UE and MME are SR-VCC capable.
1. Introduction

This paper discusses the following points:

· The need for Access Stratum (AS) SRVCC capability in case of SRVCC to GERAN/UTRAN;
· The need for NAS-level SRVCC capability in case of SRVCC to 1x;

· The need for eNodeB to interpret QCI=1;

The discussion on these topics is shown to be interrelated and a common way forward is proposed.

2. On the need for Access Stratum (AS) SRVCC capability for GERAN/UTRAN
The current assumption is that a SRVCC-capable UE shall signal an Access Stratum (AS) SRVCC capability to the eNodeB in the GERAN/UTRAN case, as per the following excerpt from TS 23.216 v8.1.0:

-eNodeB receives UE SRVCC capability indication as part of UE radio capability.

It is proposed here to double-check the usefulness of this AS capability.

It is our understanding that, based on this capability, the eNodeB is supposed to simply add an "SRVCC indication" in the HO Required message in case the selected target cell (2G or 3G) does not support VoIP.
The knowledge of this AS capability is also used for determination of the Neighbour Cell List (NCL) for this UE. For instance, if the UE is not SRVCC-capable, and assuming that the UE has an active VoIP (QCI=1) bearer, the eNodeB should not include any VoIP-incapable target cells in the NCL for this UE. On the contrary, for SRVCC-capable UEs any type of target cell can be included in the NCL, because in a SRVCC-capable EPC network it should always be possible to hand over a VoIP (QCI=1) bearer either via SRVCC or via PS HO towards any access.
Consider now the scenario where the EPC network is not SRVCC-capable. In this case, and assuming there is an active VoIP (QCI=1) bearer, the eNodeB should not include any VoIP-incapable target cell in the NCL, regardless of whether the UE is SRVCC-capable or not.
Conclusion 1: in absence of EPC's SRVCC capability, the knowledge of the AS capability in the eNodeB is not useful for determination of the NCL in the GERAN/UTRAN case.

Conclusion 2: knowledge of both the EPC's and UE's support for SRVCC, combined with the existence of QCI=1 bearer provides complete information for determination of the NCL in the GERAN/UTRAN case.
The information about the EPC being SRVCC-incapable is, unfortunately, not provided to the eNodeB via signalling today. One may assume that it is OAM configured at the eNodeB, however this assumption may not work in case of eUTRAN sharing.

Assuming that OAM configuration of the EPC's SRVCC capability in the eNodeB is undesirable (e.g. especially in case of eUTRAN sharing), one could define a new "SRVCC operation possible" indication that is sent from the MME to the eNodeB. The meaning of this indication would be that both EPC and UE are SRVCC-capable. Before sending this indication, the MME should know the UE SR-VCC capability from a previous NAS signalling.
Proposal 1: define a "SRVCC operation possible" indication signalled from MME to eNodeB upon establishment of UE context in the eNodeB.

With this new indication the following logic should apply at the eNodeB:
· A) If the "SRVCC operation possible" is signalled (i.e. both EPC and UE are SRVCC capable), always include VoIP-incapable target cells in the NCL, regardless of the presence of QCI=1 bearers.
· A1) if there is a QCI=1 bearer for this UE and the selected target cell is VoIP-capable, the eNodeB signals no SRVCC indication in HO required;

· A2) if there is a QCI=1 bearer for this UE and the selected target cell is not VoIP capable, the eNodeB signals SRVCC indication;

· A3) If there is no QCI=1 bearer for this UE, the eNodeB signals no SRVCC indication in HO Required;

· B) if the "SRVCC operation possible" indication is not signalled (i.e. either EPC or UE is not SRVCC capable), then the eNodeB signals no SRVCC indication in HO Required. Moreover:
· B1) if there is a QCI=1 bearer for this UE, do not include any VoIP-incapable cell in the NCL;
· B2) if there is no QCI=1 bearer for this UE, then always include VoIP-incapable cells in the NCL.
As seen from the above logic, the eNodeB has a well-defined behaviour for both the determination of NCL and for signalling of the appropriate SRVCC indication without any assistance from the AS capability.
Proposal 2: remove the AS SRVCC capability for GERAN/UTRAN.

Some EPC networks may support CSFB instead or in addition to SRVCC. The handling of the CSFB functionality though is completely orthogonal to the logic presented above, because in case of CSFB there is an explicit indication sent from the MME to the eNodeB (an S1-AP message) informing the eNodeB that this is CSFB operation.
Conclusion 3: the proposed logic does not interfere with CSFB.

3. The 1xRTT case

With SRVCC to 1x the logic is slightly different, however the decision making in the eNodeB is again dependent on both the EPC's and the UE's SRVCC capability. Again it can be assumed there is this new "SRVCC operation possible" indication that is sent from the MME to the eNodeB upon context establishment in the eNodeB, the meaning of which is that both EPC and UE are SRVCC-capable.
· C) if the "SRVCC operation possible" is signalled (i.e. both EPC and UE are SRVCC capable), then

· C1) if there is a QCI=1 bearer for this UE, then always include any 1x cells in the NCL;

· C2) if there is no QCI=1 bearer for this UE, do not include any 1x cells in the NCL (otherwise the eNodeB might trigger a SRVCC to 1x, which would only do harm to the ongoing non-voice PS sessions).
· D) if the "SRVCC operation possible" indication is not signalled (i.e. either EPC or UE is not SRVCC capable), then do not include 1x cells in the NCL.
Similar to the GERAN/UTRAN case, there is no interference here with the 1xCSFB feature because in case of 1xCSFB there is an explicit indication sent from the MME to the eNodeB (an S1-AP message) informing the eNodeB that this is 1xCSFB operation.
In order for the MME to be able to determine whether the "SRVCC operation possible" should be signalled or not, the UE needs to signal its SRVCC capability to the MME.

Proposal 3: define a NAS-level SRVCC capability for 1x UEs.

4. eNodeB's understanding of QCI=1
TS 23.216 makes the assumption that the MME can make use of the QCI=1 value associated to an EPS bearer to decide whether to perform the PS bearer splitting operation or not. We would like to now focus on the need for eNodeB to interpret QCI=1 as an indication of a VoIP bearer.
In the discussion above it was shown that the eNodeB relies heavily on QCI=1 to determine the NCL. This applies to both the GERAN/UTRAN case and the 1x case. Only in one 1x sub-case (i.e. when both the UE and the EPC are not SRVCC capable, referred to as "case D" above) is the interpretation of QCI=1 irrelevant for the determination of NCL.
Hence, the understanding of QCI=1 in the eNodeB is an important factor in some cases. One may argue that this type of interpretation in the eUTRAN would constitute a shift from the principle of having an "application agnostic" radio access network (which is an unwritten principle that seems to have been adhered to consistently during the UTRAN design). In this sense, one might be tempted to circumvent the interpretation of the QCI=1 information by signalling new indications such as "SRVCC eligibility", etc. However, this may turn out to be simple hypocrisy, given that the eNodeB anyway makes decisions based on the pre-configured information about VoIP support in the neighbour cells.
Proposal 4: it is proposed that the eNodeB should be allowed to read QCI=1 as indication for a VoIP bearer.

5. Summary of the proposals
The following is proposed:

1) Remove the Access Stratum SRVCC capability for GERAN/UTRAN;
2) Define a NAS-level SRVCC capability for 1x (for GERAN/UTRAN case this is already specified in TS 23.216);

3) Define a "SRVCC operation possible" indication signalled from MME to eNodeB upon establishment of UE context in the eNodeB, meaning that both UE and MME are SR-VCC capable.

4) eNodeB should be capable of interpreting QCI=1 as indication of a VoIP bearer (both GERAN/UTRAN and 1x);

In addition, we believe it may be beneficial to describe how the determination of Neighbour Cell List (NCL) should be performed for both GERAN/UTRAN and 1x (e.g. some text along the lines in section 2 of this paper).

The proposed changes are implemented in a companion document for this meeting (S2-086911).
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