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1 Introduction
NOTE: This document revises the block diagram and description of delay components introduced in S4-130718. The revision harmonizes to the recently agreed reference point definitions for LTE UE delay.
The contribution aims to provide a high level breakdown and description of the individual delay components, considering the scenario of a transcoder –free voice call between two devices running MTSI based speech services over LTE. The high level breakdown can be used to assist in the discussions for the ART_LTE-UED UE delay requirements and can be adapted as needed based on discussions within SA WG4. 
2 High Level Block Diagram of Media Path delay components in a LTE to LTE call.

A high level block diagram of the media path delay components in an LTE to LTE call scenario is presented in Figure 2‑1. The description of the individual delay components is found in Table 2‑1 along with an estimate for each component in one UE. Certain parameters, such as the averaged frame delay imposed by the jitter buffer manager to the UE are actually measured during the call, while others are based on calculations and estimates from system design.
Noise suppression and other speech enhancement delays are not included in the estimates as these are highly dependent on the speech enhancement implementation. 
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Figure 2‑1 Block diagram of MTSI based speech services media path delay components in an LTE-LTE cal
Table 2‑1 - Media path delay components in LTE loopback call
	Identifier
	Description
	Src
	Imp Dep
	Imp Ind
	Reference

	T_SS_D2A
	The delay between  sample generation by the test simulator and the corresponding acoustic event over the mouth simulator
	SS
	0.4
	-
	S4-120403

	T_aco_tx
	The acoustic path delay between MRP and the UE microphone.
	UE
	-
	0.3
	Acoustic path for 10cm

	T_afe_tx
	Audio front end delay. The delay between the instant when an acoustic event is present at the UE microphone and the instant when its corresponding PCM digital sample is available to the audio signal processing unit at the appropriate sampling rate. Includes resampling, interface buffer delays, etc.
	
	8.4
	-
	Estimate from design

	T_buffer
	The duration of the segment of PCM speech operated on by the speech transcoder.
	
	-
	20
	Fixed for AMR codecs

	T_spch_enh_tx
	The speech enhancement algorithmic and processing delay in the uplink.
	
	0
	-
	Speech enhancement disabled

	T_spch_enc
	The speech encoder algorithmic and processing delay and any delays in delivering the speech encoded frame to RTP packetization.
	
	2.65
	5
	System design

	T_LTE_UE_tx
	The delay between the instant when a new encoded speech frame becomes available for RTP packetization and the instant when the RTP packet reaches the antenna point of the UE. Includes entire User plane protocol stack at the UE (IP, PDCP, RLC, MAC, PHY) 
	
	3
	-
	max
(S4-131351)

	T_air
	The signal transmission delay between the antenna point of the UE and eNodeB.
	SS
	10.7
	-
	max
(S4-131351)

	T_LTE_eNodeB_rx
	The delay between the instant when an RTP packet is available at the antenna point of the eNodeB and the instant when it is available for transmission to the EPC. Includes entire User plane protocol stack at the eNodeB (PHY, MAC,  RLC, PDCP)
	
	
	
	

	T_eNodeB_EPC
	The RTP packet transmission delay from the TX_eNodeB to the evolved packet core.
	
	
	
	

	T_EPC
	The transmission delay of an RTP packet within the evolved packet core.
	
	
	
	

	T_EPC_eNodeB
	The RTP packet transmission delay from the evolved packet core to the RX_eNodeB
	
	
	
	

	T_LTE_eNodeB_tx
	The delay between the instant when an RTP packet is available to the eNodeB from the EPC and the instant when it reaches the antenna point of the eNodeB. Includes entire User plane protocol stack at the eNodeB (PDCP, RLC, MAC, PHY).
	
	
	
	

	T_air
	The signal transmission delay between the antenna point of the eNodeB and the UE..
	
	
	
	

	T_LTE_UE_rx
	The delay between the instant when an RTP packet is available at the antenna point of the UE and the instant when it is available for speech decoding. Includes entire User plane protocol stack at the UE (PHY, MAC, RLC, PDCP, IP)
	UE
	8
	-
	max
(S4-131351)

	T_jbm
	Average frame delay imposed by the UE JBM and any additional delays in making the packets available for decoding by the speech processing unit.
	
	42
	-
	Logs from UE jitter buffer manager during call

	T_spch_dec
	The speech decoder algorithmic and processing delay.
	
	2.65
	-
	Estimate from design

	T_spch_enh_rx
	The speech enhancement algorithmic and processing delay in the downlink.
	
	0
	-
	Speech enhancement disabled

	T_afe_rx
	Audio front end delay. The delay between the instant when a PCM digital sample is made available by the audio signal processing unit to the instant when its corresponding acoustic event is played back at the UE loudspeaker. Includes resampling, interface buffer delays, etc.
	
	8.275
	-
	Estimate from design

	T_aco_rx
	The acoustic path delay between the UE loudspeaker and the DRP.
	
	-
	0.3
	Acoustic path for 10cm

	T_SS_A2D
	The delay between  sample generation by the test simulator and the corresponding acoustic event over the mouth simulator
	SS
	1.31
	-
	S4-120403

	Total estimated M2E delay during loopback call measurements (SS+UE)
	113.0 ms


4 Measurement results

The same UE used to derive the M2E delay estimates in Table 2-1 was used to make loopback delay measurements from M2E. The results are reported below for the case of all speech enhancement disabled and for the case of enabling the speech enhancement required to meet 3GPP rel.12 and GSMA HD Voice performance objectives. For each condition the call is established 3 times and 5 burst are measured for each call.
Condition 1 - All speech enhancement disabled



Call 1
Call 2
Call 3

BURST 1
114.4
114.4
114.4

BURST 2
114.4
114.4
114.4

BURST 3
114.4
114.4
114.4

BURST 4
114.4
114.4
114.4

BURST 5
114.4
114.4
114.4

Condition 2 - All speech enhancement enabled



Call 1
Call 2
Call 3

BURST 1
134.9
134.9
134.9

BURST 2
134.9
134.9
134.9

BURST 3
134.9
134.9
134.9

BURST 4
134.9
134.9
134.9

BURST 5
134.9
134.9
134.9

The results for the speech enhancement disabled case are very close to the estimate provided in table 2.1 (113.0ms for the estimate and 114.4 for measurement). The issue of relative state of the jitter buffer due to call initialization timing is addressed by the estimates, because the frame delay in the jitter buffer is actually measured during the call.

The results also shown that a low LTE UE delay implementation, compliant to all 3GPP performance objectives, can be achieved by proper design of the UE system architecture.
When subtracting the system simulator delay components from the total measurements reported (including speech enhancement) the UE delay is:

M2E delay with speech enhancement ON
134.9
Round trip delay on CMW500


10.7
MFE VI A/D delay



0.4
MFE VI D/A delay



1.31

UE delay




122.5ms

5 Conclusions

Loopback delay measurement results and estimates of the UE delay are found to be in very close agreement (within 2ms) further reinforcing the suitability of the loopback delay measurement method.

UE delay results in LTE are presented for a reference device. The UE delay is measured to be 122.5 with a 42ms minimum jitter buffer depth and speech enhancement that exceeds all 3GPP performance objectives. Some tolerance over this value should be given to allow flexibility in the implementation, but the results and table values provide a basis for discussions toward the UE delay requirements for LTE.
6 Proposal

It is proposed to document the block diagram and delay component descriptions in a permanent document, TR, or annex to TS 26.132. 
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