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Introduction
In [1], a new error profile for testing JBM performance was proposed for revised clauses 7/8/9/10.13 in TS 26.132 [2], which contains packet duplications and delay bursts between 160 ms (base delay) and 260 ms. The first 37.0 s of the test signal (out of 165 s) are shown jointly with the new profile in Figure 1. To evaluate this new profile, a test series with NN devices was conducted.
[image: ]
[bookmark: _Ref156832257]Figure 1: Test signal vs error profile
It can be noticed that the range of delay variation ranges is 100 ms, i.e., from 160 ms to 260 ms. For the JBM in the UE, it is expected that this would correspond to a maximum of (around/up to) five additional packets in the jitter buffer.
Test setup
The devices as shown in Table 1. To void any impact of acoustic paths on the test results, all tests were conducted via digital electrical interface (USB).
[bookmark: _Ref156835127]Table 1: UEs used in JBM test series
	Title
	Release year

	DUT-1
	2020

	DUT-2
	2015

	DUT-3
	2023

	DUT-4
	2020

	DUT-5
	2015



The speech quality and delay-vs-time tests for VoLTE/VoNR were conducted in NB (AMR 12.2 kbit/s), WB (AMR-WB 12.65 kbit/s), and SWB (EVS-SWB 24.4 kbit/s) mode. Due to time constraints, not all devices could be tested at all bandwidths.

Measurement results
The result overview is shown in Table 2. The following conventions apply:
· MOS-LQO and round-trip delays are reported for different profiles:
· C0: jitter- and error-free measurement (Condition #0).
· AVP: proposed error profile ("Artificial VoLTE Profile")
· AVP-ND: proposed error profile, but without duplicated packets.
· "Δ-MOS-LQO [X]" is calculated versus the result of "C0 – [X]".
For reference, the performance objectives and requirements for error-/jitter-free conditions (C0) from TS 26.131 [3] are shown in Table 3 (including an additional budget BD of 20 ms for electrical interface).
[bookmark: _Ref156837368]Table 2: Test results
	DUT
	Band-
width
	MOS-
LQO C0
	MOS-LQO AVP
	MOS-LQO AVP-ND
	Δ-MOS AVP
	Δ-MOS AVP-ND
	Delay C0
	Delay AVP
	Delay AVP-ND

	DUT-1
	NB
	4.64
	3.16
	3.11
	1.48
	1.53
	131.5
	211.5
	211.5

	
	WB
	4.08
	3.59
	3.76
	0.49
	0.32
	171.5
	241.7
	241.7

	
	SWB
	4.75
	4.75
	4.75
	0.00
	0.00
	164.0
	277.0
	277.0

	DUT-2
	NB
	4.66
	3.44
	3.42
	1.22
	1.24
	540.8
	674.7
	684.7

	
	WB
	4.18
	3.31
	4.15
	0.88
	0.04
	531.7
	645.9
	682.9

	
	SWB
	4.59
	4.51
	4.58
	0.08
	0.01
	529.8
	657.4
	677.0

	DUT-3
	NB
	3.08
	1.85
	2.10
	1.23
	0.98
	260.5
	362.3
	380.8

	DUT-4
	NB
	4.62
	2.45
	2.54
	2.17
	2.08
	187.9
	248.1
	248.1

	
	WB
	4.16
	2.93
	2.87
	1.23
	1.29
	197.1
	277.0
	277.5

	
	SWB
	4.69
	3.58
	3.52
	1.12
	1.18
	151.5
	251.4
	250.4

	DUT-5
	NB
	4.41
	4.00
	3.92
	0.41
	0.49
	128.0
	188.7
	208.1

	
	WB
	4.27
	4.15
	4.15
	0.12
	0.12
	151.9
	231.9
	231.8

	
	SWB
	4.21
	4.03
	4.08
	0.18
	0.13
	131.8
	211.7
	211.7

	DUT-6
	NB
	4.43
	3.35
	3.41
	1.08
	1.02
	125.6
	251.1
	246.0

	
	WB
	4.35
	4.28
	4.27
	0.07
	0.08
	151.5
	257.6
	270.9



[bookmark: _Ref156838545]Table 3: Existing delay requirements for C0 with electrical/digital interface (BD = 20ms)
	Bandwidth
	Performance objective [ms]
	Performance requirement [ms]

	NB
	170
	210

	WB
	170
	210

	SWB
	177
	217



NOTE:	DUT-2 shows extremely high delay values and does not pass any of the roundtrip delay requirements for C0. This is an expected behaviour since this device is an early EVS-SWB-capable prototype.
Conclusion
The results obtained by the test series meets the expectations:
· Independent of the quality loss, obviously all devices increase their jitter buffer size significantly, resulting in a much larger round-trip delay.
· In general, the trade-off between larger delays (increased jitter-buffer size) versus possible lost packets (smaller jitter-buffer size) is handled in different ways by the devices. Most of them do not show much loss in quality but have much higher resulting delays.
· Except for DUT-5, all Δ-MOS-LQO values in NB mode are much higher than for WB or even SWB. This could indicate that JBM of IMS-based calls with AMR (and in some cases, also AMR-WB) were not sufficiently considered by the manufacturer.
· In most cases, Δ-MOS-LQO determined with and without packet duplication is very close (<0.1), which indicates that most devices simply ignore duplicated packets.
· Only DUT-2 in WB mode shows a significant lower performance with duplicated packets. An additional increase of delay (~40 ms) compared to the profile without duplicates can also be observed.
Similar to the corresponding clauses on delay measurements (5.12, 6/7/8.11) in TS 26.131 [3], possible requirements for Δ-MOS and delay (absolute or delta to C0) have to be found for the new profile. The results shown in the present document may be considered for this purpose: Table 4 and Table 5 provide averaged results per bandwidth of Δ-MOS-LQO and Δ-Delay. The latter one is indicated as number of packets, since the increase in delay is caused by the increased size of the jitter buffer in the UE.

[bookmark: _Ref156842190]Table 4: Δ-MOS and Δ-Delay aggregated per bandwidth (with duplicates)
	 
	Δ-MOS AVP
	Δ-Delay AVP (# packets)

	 
	min
	mean
	max
	min
	mean
	max

	Bandwidth
	
	
	
	
	
	

	NB
	0.41
	1.27
	2.17
	3
	4.7
	7

	WB
	0.07
	0.56
	1.23
	4
	4.6
	6

	SWB
	0.00
	0.35
	1.12
	4
	5.3
	6



[bookmark: _Ref156842195]Table 5: Δ-MOS and Δ-Delay aggregated per bandwidth (without duplicates)
	 
	Δ-MOS AVP-ND
	Δ-Delay AVP-ND (# packets)

	 
	min
	mean
	max
	min
	mean
	max

	Bandwidth
	
	
	
	
	
	

	NB
	0.49
	1.22
	2.08
	3
	5.0
	7

	WB
	0.04
	0.37
	1.29
	4
	5.2
	8

	SWB
	0.00
	0.33
	1.18
	4
	5.5
	7
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