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1. Introduction
The extension of acoustic test specifications work item in 3GPP SA4 has the introduction of UE voice delay requirement and measurement methodology as a high priority item. This contribution summarizes the current existing guidelines and requirements with respect to delay and measured data according to the current draft CR proposal with three different terminals over multiple speech codec scenarios
2. Delay Guidance and Requirements
ITU-T G.114 [1] provides guidance for mouth-ear delay targets and limits for voice communication. 
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It is indicated that 150ms is a target and 400ms should not be exceeded in network planning. Although users can tolerate an increased delay in certain conditions, the nature of mobile communication involves a number of factors that make delay an important parameter for optimal conversation experience. As it is pointed out in 3GPP TS 43.050 [2], effects like DTX, operations in noisy environments and others make for a reduced tolerance in delay. The general guidance in 3GPP for both GSM and UMTS mouth-to-ear delay targets has been consistent with ITU-T G.114 and it is referred to in e.g. 3GPP TR 25.853 [3] and 3GPP TS 23.116 [4].
In specific for the terminal side, 3GPP TS 43.050 specifies a maximum delay target of 143.9ms in GSM calls with both full-rate and half-rate speech codecs. This terminal delay target, in combination with a network delay in the order of 50ms forms an appropriate system from an UX point of view (mouth-ear in the order of 200ms). Network delays can however be much higher and dependent on factors like transcoding, international lines, etc.
3GPP TS 43.050 also presents a break-down estimate of the individual delay components in the UE, although limited to GSM connections (not UMTS) and full-rate, half-rate speech codecs. 3GPP TS 26.975 [5] and 3GPP TS 26.976 [6] also include delay tables for use of AMR and AMR-WB codecs. While these specifications do not provide a specific budget for the use of noise suppression in handset mode, 3GPP TS 26.077 [7] states that the activation of a noise suppressor for use with AMR codec shall not increase the one-way delay in the uplink by more than 10ms (5ms for algorithmic delay and 5ms for processing).

More recently, the GSMA HD Voice Logo Requirements has indicated that the maximum terminal delay target should be less than 200ms and shall be less than 220ms. These targets were however based on the measurement of a few recent terminals in the market which were limited only to UMTS and AMR-WB 12.65kbps.

3. UE delay measurements

In order to investigate on the UE delay performance in different modes, three devices were measured according to the current draft CR proposal and using the Rohde & Schwarz CMU200 network simulator. All three devices are recent smartphones supporting AMR-WB and including noise suppression. The results show a large range of variation in performance. The delay estimates provided by R&S on contribution Tdoc S4-110856 [8] were used in the derivation of the UE results.

4. Results

Table 1 details the results of the measurements. It is seen that Device 2 would comply with the TS 43.050 specification (143.9ms) for GSM FR and GSM HR and, considering added delay budgets for the AMR codec defined in 26.975 and 26.976 and noise suppression in 26.077, the performance meets the 43.050 targets in all modes. Device 1 however, fails the specification with UE delays as high as 325ms (for the case of GSM AMR-HR). Device 3 complies with the delay requirements for GSM FR but present higher delays for other scenarios.

	
	
	Device 1
	Device 2
	Device 3

	
	
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink

	GSM HR
	Measured
	246.5
	237.3
	171.6
	124
	206.6
	164.9

	 
	CMU
	105
	80
	105
	80
	105
	80

	 
	Terminal*
	141.5
	157.3
	66.6
	44
	101.6
	84.9

	GSM FR
	Measured
	202.5
	232.4
	126.7
	139.7
	142.4
	159.8

	 
	CMU
	80
	80
	80
	80
	80
	80

	 
	Terminal*
	122.5
	152.4
	46.7
	59.7
	62.4
	79.8

	GSM EFR
	Measured
	222.2
	237.5
	147.2
	139.6
	160.4
	160

	 
	CMU
	80
	80
	80
	80
	80
	80

	 
	Terminal*
	142.2
	157.5
	67.2
	59.6
	80.4
	80

	GSM AMR FR rate 4
	Measured
	227.2
	237.6
	152.7
	144.6
	165.4
	165.2

	 
	CMU
	80
	80
	80
	80
	80
	80

	 
	Terminal*
	147.2
	157.6
	72.7
	64.6
	85.4
	85.2

	GSM AMR FR rate 3
	Measured
	227.2
	237.6
	152.7
	144.6
	167.1
	164.9

	 
	CMU
	85
	80
	85
	80
	85
	80

	 
	Terminal*
	142.2
	157.6
	67.7
	64.6
	82.1
	84.9

	GSM AMR FR rate 2
	Measured
	227.2
	237.6
	152.7
	145.1
	167.8
	165.3

	 
	CMU
	85
	80
	85
	80
	85
	80

	 
	Terminal*
	142.2
	157.6
	67.7
	65.1
	82.8
	85.3

	GSM AMR FR rate 1
	Measured
	227.3
	237.6
	152.7
	145.1
	167.3
	165.3

	 
	CMU
	85
	80
	85
	80
	85
	80

	 
	Terminal*
	142.3
	157.6
	67.7
	65.1
	82.3
	85.3


	GSM AMR HR rate 4
	Measured
	267.2
	237.6
	192.7
	144.6
	205.5
	165.2

	 
	CMU
	100
	80
	100
	80
	100
	80

	 
	Terminal*
	167.2
	157.6
	92.7
	64.6
	105.5
	85.2

	GSM AMR HR rate 3
	Measured
	267.3
	237.6
	192.7
	145.1
	206.2
	165.3

	 
	CMU
	105
	80
	105
	80
	105
	80

	 
	Terminal*
	162.3
	157.6
	87.7
	65.1
	101.2
	85.3

	GSM AMR HR rate 2
	Measured
	267.3
	237.6
	192.7
	145.1
	205.4
	165.1

	 
	CMU
	105
	80
	105
	80
	105
	80

	 
	Terminal*
	162.3
	157.6
	87.7
	65.1
	100.4
	85.1

	GSM AMR HR rate 1
	Measured
	267.2
	237.6
	192.7
	145.1
	206.1
	165.2

	 
	CMU
	105
	80
	105
	80
	105
	80

	 
	Terminal*
	162.2
	157.6
	87.7
	65.1
	101.1
	85.2

	UMTS AMR 12.2
	Measured
	257.9
	248.3
	173.1
	151.7
	196.1
	175.3

	 
	CMU
	120
	80
	120
	80
	120
	80

	 
	Terminal*
	137.9
	168.3
	53.1
	71.7
	76.1
	95.3

	UMTS AMR 7.95
	Measured
	258.6
	248.4
	177.6
	152.2
	196.1
	175.4

	 
	CMU
	125
	80
	125
	80
	125
	80

	 
	Terminal*
	133.6
	168.4
	52.6
	72.2
	71.1
	95.4

	UMTS AMR 5.90
	Measured
	257.7
	248.4
	172.4
	152.3
	196.8
	175.2

	 
	CMU
	125
	80
	125
	80
	125
	80

	 
	Terminal*
	132.7
	168.4
	47.4
	72.3
	71.8
	95.2

	UMTS AMR-WB 12.65
	Measured
	265.3
	237.1
	203.2
	155
	216.7
	177.8

	 
	CMU
	125
	80
	125
	80
	125
	80

	 
	Terminal*
	140.3
	157.1
	78.2
	75
	91.7
	97.8

	UMTS AMR-WB 8.85
	Measured
	265.7
	237.2
	198.9
	155.2
	217.4
	177.8

	 
	CMU
	125
	80
	125
	80
	125
	80

	 
	Terminal*
	140.7
	157.2
	73.9
	75.2
	92.4
	97.8

	UMTS AMR-WB 6.60
	Measured
	265.7
	237.4
	203
	155.6
	216.7
	177.8

	 
	CMU
	125
	80
	125
	80
	125
	80

	 
	Terminal*
	140.7
	157.4
	78
	75.6
	91.7
	97.8


It is noted that while the total measured delays for all three terminals are consistent within the different rates of the AMR codec, the CMU delay estimate provided in S4-110856 for 12.2kbps rate is 5ms lower than the other rates. It appears that this difference in delay between different rates was not present in the network simulator.
5. Conclusions

The results presented in this contribution indicate a very high variation in UE delay between different WB-enabled terminals. In particular, device 1 is largely deviant from the TS 43.050 requirement and GSMA HD Voice Logo Requirements and leaves little room for additional network delay within the guidance provided by 3GPP and ITU-T network planning guidelines for good conversational experience.
As delay is an important parameter for QoS, and large deviations from guidance are being observed with recent terminals, this contribution reinforces the need for approval of a delay specification and test method in 26.131 and 132 within the Rel.11 work item.

Additionally, given the results observed between the different rates of the AMR codec, a double check of the delays specified in S4-110856 would also be helpful.
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