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1
Introduction
The LTE Rel-14 Work Item Voice and Video enhancement for LTE achieves the objectives of VoLTE quality/coverage enhancements, VoLTE/ViLTE signalling optimization and provides the mechanism for the codec mode/rate selection and adaptation based on the Study Item outputs.
2
Description
Voice and Video over LTE (VoLTE/ViLTE) are key features for LTE to provide voice and video service. With the quick migration from 2G/3G to LTE and the increasing marketing requirement for high-quality voice/video services, voice and video over LTE has being deployed and launched by operators over the world, which makes voice and video over LTE capability extremely important for operators [1]. For this reason, to improve voice/video coverage performance, PUSCH enhancement mode is introduced involving the following main components in RAN1.
The main purpose of the eVoLTE CE technologies is to reuse as much as possible the existing CE technologies in eMTC CE mode A, while keeping independent of eMTC “CE mode A” capability.
Support UL asynchronous HARQ transmission: 
UL asynchronous HARQ transmission is supported for fully utilization of transmission time. In the new PUSCH enhancement mode, HARQ process ID of PUSCH is indicated by a 3-bit field in the new format DCI.

Specification of enhanced TTI bundling:

Different repetition levels of scheduled PUSCH is supported re-using eMTC repetition scheme, with the repetition set {1, 2, 4, 8, 12, 16, 24, 32}. 12 and 24 are new introduced repetition number compared to Rel-13 CE mode A in eMTC. In the new PUSCH enhancement mode, the number of repetitions of PUSCH is indicated by a 3-bit field and the maximum of the repetition number is signalled by RRC.
Specification of bundle frequency hopping enabling multi-subframe channel estimation:

Bundle frequency hopping is supported reusing eMTC hopping scheme enabling multi-subframe channel estimation, with hopping interval and offset specified separately.
In RAN2 and RAN3, voice and video enhancements are focused on the three aspects, including the RAN-assisted codec adaptation, VoLTE/ViLTE signalling optimization and VoLTE quality/coverage enhancement.
The RAN-assisted codec adaptation:
RAN-assisted codec adaptation provides a means for the eNB to send codec adaptation indication with recommended bitrate to assist the UE to select or adapt to a codec rate for MMTEL voice or MMTEL video. The RAN-assisted codec adaptation mechanism supports the uplink/downlink bitrate increase or decrease. 

For uplink/downlink bitrate adaptation, eNB sends the recommended bitrate to the UE, which the UE may use in combination with other information to adapt the bitrate, e.g. the UE may send a rate request to the peer UE via application layer messages, which the peer UE may use in combination with other information to adapt the codec bit rate. 
The recommended bitrate for UL and DL is conveyed as a MAC Control Element (CE) from the eNB to the UE as shown in figure1, and which is presented by an index value. 
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Figure 1: UL/DL bitrate recommendation
Based on the recommended bitrate from the eNB, a UE may initiate an end-to-end rate adaptation with the peer UE. The eNB may inform the UE on the currently admissible transport bit rate on the local uplink and downlink. The UE may also send a query message to its local eNB to check if a bit rate recommended by its peer can be provided. A prohibit timer can be configured by the network to limit UEs sending frequent query messages, so UE will be allowed to triggered a rate recommendation query message only when the network configures the prohibited timer and the timer is not running. The UE is not expected to go beyond the recommended bitrate from the eNB.

The recommended bitrate query message is conveyed as a MAC Control Element (CE) from the UE to the eNB as shown in figure2. SR will not be triggered by the query MAC CE. 
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Figure 2: UL/DL bitrate recommendation query
VoLTE/ViLTE signalling optimization:
In case of network congestion (e.g. maximum number of users that can be connected, poor radio conditions, etc), an operator may want to prioritize MMTEL voice/MMTEL video access. For both type of accesses, the MO voice call cause value is used.

“Inter-RAT Redirection” cause in the UE CONTEXT RELEASE REQUEST message with updating the meaning of the cause is reused for redirection of VoLTE. When eNB decides to perform redirection to another E-UTRAN frequency, the eNB sends UE CONTEXT RELEASE REQUEST message with this cause value. Upon receiving UE CONTEXT RELEASE REQUEST message with this cause value, the MME should suspend the GBR bearer for the voice service for a while. The time of keeping the voice GBR bearer should be long enough to allow the UE to recover after redirection. On the UE side, if the UE receives the RRC Connection Release message with redirection and the voice call is ongoing, the UE keeps the call in the application layer. After the UE re-accesses the network, the voice GBR bearer can be recovered immediately.
VoLTE quality/coverage enhancement:
VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. UE uses RRC signalling to report the delay budget information. Based on the reported delay budget information, when a UE is in good coverage, the eNB can configure longer DRX for power saving purpose or the eNB can reduce DRX cycle in order to help peer side; when the UE is in bad coverage, the eNB can increase the retransmission times in order to reduce the packet loss.
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