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Abstract of the contribution: Discusses the impact of FDD/TDD in VoLTE and investigates the impacts in the system if we have different VoLTE capabilities over FDD/TDD.
1. Introduction
In draft LS
 from RAN2 [1] it is mentioned that 

At least one company would like to differentiate the ability to support VoIP over LTE FDD from the support of VoIP over LTE TDD, as the GSMA IR.92 refers to physical layer capabilities that are allowed to be different between FDD and TDD modes.

It has also been asked as action to SA2:

· To clarify how the overall system would work, in case:

· We differentiate “Voice over LTE FDD” and “Voice over LTE TDD” capabilities 

· We do not differentiate “Voice over LTE FDD” and “Voice over LTE TDD” capabilities
this paper aims to perform an analysis on the above points.

a. there should be a VoLTE capability that covers the ability to support VoIP over LTE  
b. if the answer to a) is yes whether it should be split between FDD and TDD, and differentiate “Voice over LTE FDD” and “Voice over LTE TDD” capabilities 
2. Do we need “Voice over LTE capability”? 

In SA2#89 there was no discussion on a need for “Voice over LTE” or “Voice over HSPA” AS capability in order to signal the capability of the UE to support the physical layer functionality of IR.92 or IR.58 respectively. 
The only capability that was identified in [4],[5] and it was agreed in [3] to ask RAN2 to introduce in E-UTRAN was “Handover support from Voice over E-UTRA to Voice over UTRA PS”. The purpose of this new AS capability was to allow the eNB to decide, whether to perform PS-PS Handover or PS-CS Handover for this particular UE. 

Over E-UTRAN NAS the UE signals already whether it is voice or data centric in “Voice domain preference and UE usage settings” information element and we assume that this information can be used by the MME to determine whether the UE is voice capable or not.  

Given there is already a mechanism in NAS to signal whether the UE is voice capable and is configured for IMS voice there is no reason to duplicate any capability in AS layer unless we want to differentiate between FDD and TDD VoLTE capability specifically.

Conclusion: There is no point to introduce an additional AS layer capability if we do not differentiate Voice over LTE FDD and TDD
Option 1: We do not differentiate “Voice over LTE FDD” and “Voice over LTE TDD” capabilities

In this case the dual mode FDD/TDD LTE UE has to support the same RAN capabilities related to VoLTE (e.g. those stated in section 4 of [2]) over both its duplexing modes. It also has to IOT these capabilities both over FDD and TDD networks before it signals this FGI bit. In this case from system perspective there is no difference whether the UE is camped on a FDD and TDD cell and there is no need to transfer anything new in the “UE Radio capability match” procedure. The MME can trigger the “UE Radio Capability Match” procedure when the UE signals “voice centric” and its voice configuration and be either the MME chooses to use IMS voice.  
Evaluation

(+) No system impact

(-) Assumes the same timescales for testing support of VoLTE on all duplexing modes the UE supports. If availability of one of the two modes is not in time, the UE cannot use also the other duplexing mode.
Option 2: We do differentiate “Voice over LTE FDD” and “Voice over LTE TDD” capabilities
Taking the above into account we should analyse whether it makes sense to have two different E-UTRAN capabilities for “VoLTE support over FDD” and “VoLTE support over TDD”.
In this case the system impacts are more significant since the MME has to also take into account the UE capabilities before deciding the “IMS Voice Supported Indication” and it also has to know whether the UE is camped in a FDD or TDD cell. This can be achieved in various ways: 
Alt.1: FDD and TDD cells are placed in different TA-lists

This way the UE would always have to perform TAU when it moves between FDD and TDD cells and in such way the MME can trigger “UE Radio Capability Match” procedure and fetch the “Voice over LTE over xDD” capability for this UE, as a result determine whether the UE is VoLTE capable or not in the specific TA-list.

Evaluation

(+) Small system impact – the “VoLTE over FDD” and “VoLTE over TDD” capabilities added and fetched MME using “UE Radio Capability Match” procedure

(-) Requires the FDD and TDD cells to be deployed in different TA-lists, this may impose operational complexity

(-) Extra signalling over the air since the UE would send TAU at every FDD to TDD (and vice versa) cell change
(-) Extra MME to eNB signalling since the MME has to fetch the new capabilities at every TAU involving TA-lists that include cells from different modes

Alt.2: New NAS “VoLTE over FDD” and “VoLTE over TDD” capability

With this alternative the FDD and TDD cells can be contained in the same TA-list since the UE would signal its FDD/TDD VoLTE capability in NAS (new information element). The MME would then know in advance whether the UE supports VoLTE over FDD or TDD. In this case when the UE is camped in a mixed TA-list and is only supporting VoLTE over one of the duplexing modes the MME will provide “IMS Voice Supported Indication” and as a result the UE would reselect to 2/3G.
Evaluation

(+) Small system impact – MME has to evaluate the NAS VoLTE capability of the UE, and determine the “IMS Voice Supported Indication”
(+) No extra signalling required except inc. this new capability in the “MS Network Capability”
(-) UE impacts-- requires new information element in NAS (can be prohibitive for earlier releases)
(-) Layer violation since it provides AS information in NAS

Alt.3: New trigger for TAU based on UE configuration when the UE is IMS registered
As in the case of mixed RAs with UTRAN and GERAN cells (defined in TS 23.060), also for TA-lists containing both FDD and TDD cells and when the UE is capable for VoLTE over only FDD or TDD, IMS registered and configured with some new OMA DM parameter a new trigger for TAU can be defined. This way without needing to impact the network configuration only the UEs that meet these conditions will be triggered to perform TAU. The MME can then be triggered to fetch the “new” VoLTE capabilities from eNB using the “UE Radio Capability Match”.
Evaluation

(+) Small system impact -– the “VoLTE over FDD” and “VoLTE over TDD” capabilities added and fetched MME using “UE Radio Capability Match” procedure

(+) No deployment impacts

(-) New UE procedures: trigger for TAU when the UE has different values for “VoLTE over FDD” and “VoLTE over TDD” support, is IMS registered for voice and is configured with a new OMA DM parameter. Similar to the procedures defined for mixed GERAN/UTRAN RAs

(-) New signalling TAU but smaller than alt.1 since it affects a small number of UEs

Alt.4: Smart allocation of NCL and dedicated idle mode priorities
In this alternative the eNB, acts as follows for the different cases:

a. when the UE does not have VoLTE capability over the duplexing mode the eNB supports it provides “UE Radio Capability Match” false and this would drive the MME to provide “IMS Voice Supported Indication” false. This would drive the UE to reselect to 2/3G CS
b. when the UE has VoLTE capability over the duplexing mode the eNB supports, but does not have VoLTE capability over the other duplexing mode it should provide “UE Radio Capability Match” true and his could drive the MME to provide “IMS Voice Supported Indication” true and keep the UE in LTE. The eNB would then adapt the Neighbour Cell List (NCL) following guidelines defined in Annex A.2 of TS 23.216 and dedicated idle mode priorities accordingly not to allow the UE to camp to a cell for the duplexing mode it does not support VoLTE. 
Evaluation

(+) No system impact- the freq. match indicator can be reused in “UE Radio Capability Match response”

(+) No deployment impacts in CN rollout

(+) No new UE procedures

(-) RAN impacts—require dynamic adaptation of NCL and dedicated idle mode priorities based on the “VoLTE capability”
(-) Higher possibility of dropped calls if there is no overlapping FDD and TDD LTE coverage and there is no 2/3G SRVCC or VoHSPA to fall back
3. Conclusions 

It is proposed to move forward with Option 1 and not differentiate “Voice over LTE FDD” and “Voice over LTE TDD” capabilities. In this case there are no system impacts and there is no need for a new AS capability.
If this cannot be agreeable then we prefer to address this problem with alt.4 which does not present CN impacts and can be handled in RAN level.
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