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Introduction
The ART_LTE-UED WID describes that the process of determining the UE delay specification for MTSI-based speech over LTE expects to consider the following factors:

· Mouth to ear delay impact to the conversational experience

· Typical network delay scenarios for MTSI-based speech over LTE services

· Typical speech capture, send path speech enhancements, encoding, transmission, reception (de-interleaving, channel decoding, SDU size and bundling, etc), decoding (including de-jitter buffering), receive path speech enhancements and rendering delays in a MTSI-based speech over LTE call 
· Channel variability, congestion and the acoustic environmental situation of the two UEs in a call.
This contribution reviews some of the impacts of transmission and reception aspects to the delay measurements and proposes to use a non-CDRX and dynamic scheduling for the measurements.
Trade-offs in access delay configurations
Figure 1 illustrates the general flow of VoIP packets. It is assumed that VoIP packets are transmitted using RTP/UDP/Ipv4 or RTP/UDP/Ipv6. RTCP packets are transmitted using UDP/Ipv4 or UDP/Ipv6. 
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This includes the features in LTE RAN to support VoIP requirements. These features are required in order to meet the following goals:

· Increasing the VoIP capacity

· Increasing the capacity by reducing the load over control channel (SPS, SR mask)

· Decreasing the packet header size and increasing the capacity over data channel (RoHC)

· Increase the coverage (TTI bundling)

· Reduce power consumption (DRX)

· Minimize the over the air delay on both uplink and downlink

· Guarantee an upper limit on the packet loss observed by the higher layers

· Guarantee an upper limit on the jitter observed by the higher layers

It can be seen that some of these goals are contradictory. For example reducing power consumption may cause an increase to end to end delay and/or jitter. Many of the parameters that will determine the performance will be given to the UE by the eNodeB.
This document specifically discusses the impact of DRX (discontinuous reception) to the access delay when using dynamic scheduling.
CDRX and uplink delay in dynamic scheduling
CDRX (connected discontinuous reception) in particular is deployed in VoLTE in order to maximize power consumption efficiency. The choice of no-DRX, short DRX cycles (20ms) or long DRX cycles (40ms) have a direct impact on the access delay and is determined by the network. 
Figure 2 illustrates an example of access delay in a 20ms DRX cycle (each block corresponds to the TTI of 1ms used in LTE) in the situation that the grant is sufficient. Suppose a packet arrives to the PDCP layer for transmission on t=6ms of the 20ms DRX cycle. The UE sends a scheduling request at t=10ms, the uplink grant is received on the PDCCH at t=12ms and the UE transmits the packet at t=16ms. The access delay in this scenario is 10ms.
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However, if the first grant (after sending SR) is not sufficient (for example in cell edge conditions) the UE is required to include BSR, and the access delay is increased significantly (assuming inactivity timer < 4msec). In this example the access delay is increased to 19ms.
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CDRX and downlink delay
On the downlink, the eNodeB has to wait for on duration periods of the cycle to send new data to the UE. The worst case access delay would be the difference between the length of the DRX cycle and the OnDuration. Since there is no synchronization of the packet arrival with the OnDuration in the eNodeB the delay can be as large as 18ms for a DRX cycle of 20ms or 38ms for a DRX cycle of 40ms.
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Conclusion
CDRX has a substantial impact to the access delay and is controlled by the network. Since there is no synchronization at the eNodeB between the transmission opportunity and packet arrival in the downlink, the downlink UE delay measurement could vary up to the length of the DRX cycle minus the OnDuration between calls.
Proposal

We propose to use a non-DRX configuration and dynamic scheduling for the testing of UE delay in LTE and to consider the additional delay introduced by other scheduling and DRX configurations as part of the network for the purposes of system delay planning.
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