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1. Introduction
This Tdoc is a continuation of [1] on JBM testing in the scope of the eUET work item [2].

2. Data collected in drive tests
We report here about a test drive campaign conducted in 2022 in France, where there were 15762 measurements done to collect MOS values (POLQA scores) in VoLTE. Calls were established with different operators; different RANs (i.e., RAN vendors) were experienced. The drive test included a majority of calls on highways, with a small portion on regular roads. A single phone model was used. All measurements were done with an 8s double sentence of speech in French and using POLQA (V3.0).
These measurements were divided into four classes:
· Perfect sound quality, no audible degradation
· Near-perfect sound quality, audible degradations but not annoying
· Average sound quality, audible degradations that are somewhat annoying
· Bad sound quality, unacceptable degradations (syllables missing, etc.)

We show some relevant statistics for one RAN type (others were very similar, so this example is considered representative).
	Sound quality
	% cases with loss
	Avg. % loss
	% cases with packet order inversion
	Avg. % inversion
	% cases with duplicated packets
	Avg. % duplicated
	% cases with delayed packets (40 ms)
	Avg. % delay  (40 ms)

	Perfect
	19.7%
	0.6%
	1.8%
	0.3%
	21.6%
	0.4%
	29.5%
	3.7%

	Near-perfect
	80.2%
	1%
	2.8%
	0.4%
	81.6%
	0.7%
	82%
	8.2%

	Average
	79.2%
	3%
	2.5%
	0.3%
	79.2%
	1.2%
	89.2%
	11.2%

	Bad
	100%
	25.1%
	5 %
	1.6%
	94.1%
	2%
	93.1%
	16.1%



This shows that realistic profiles should include all types of degradations. The values in red are for active speech packets only, we make here a difference between speech packets and SID packets. SID packets are discarded.


To JBM testing, we would argue that one profile should be defined for each sound quality class. To avoid defining too many test cases, if only VoLTE profile should be selected, we would propose to target the average sound quality, which would give the following (approximate) characteristics:
· 3% packet loss rate 
· 0,3% packet order inversions
· 1,2% duplicated packets
· 11,2% of packets delayed by more than 40ms

With this target, the next question is how to define a profile with such characteristics. There are two approaches:
a) select a real packet capture (e.g., from the drive test) to define the profile
b) define a synthetic profile 

Approach a) has several problems. The drive test was performed with a specific test signal that differs from the test signals (160s long) used in TS 26.132 for delay/loss test cases. Moreover, DTX ON is used which implies that real packet captures are dependent on the codec and test signal; in TS 26.131 delay/loss profiles are defined with impairments assigned to each 20 ms packet in DTX OFF.
We therefore proposed to consider defining a synthetic profile with the above characteristics.

3. Proposed principles for profile construction
As discussed in [1], there are four types of packet impairments in VoIP relevant for JBM and PLC performance tests:
· Packet loss
· Packet arrival time variations
· Packet order inversion (which may be interpreted as packet arrival time variations)
· Packet duplication

There were views expressed in SA4#120-e that unit tests checking separately individual types of impairments would not be appropriate for normative test cases but might be documented for debugging purposes.
Based on the discussion in the previous section, we describe below an approach to define a synthetic profile.
Voice packets have different sensitivities to impairments [1]. Moreover, DTX ON is required for JBM tests in TS 26.132 while current profiles are currently defined for DTX OFF. It is therefore important to couple the profile construction with the actual test signal to be used.  Applying randomly selected impairments to packets would give uncontrolled testing with impairments applied in some cases on silence parts or non-sensitive active parts.
We therefore suggest:
1. Given the test signal in TS 26.132 (160 s), identify a predefined number N of most sensitive packets – in theory this gives different results for different codecs
2. Construct three profiles:
Profile 1 (loss only) matching characteristics
· 3% packet loss rate 

Profile 2 (other impairments than loss):
· 0.3% packet order inversions
· 1.2% duplicated packets
· 11.2% of packets delayed by more than 40ms

Profile 3 (all impairments)
· 3% packet loss rate 
· 0.3% packet order inversions
· 1.2% duplicated packets
· 11.2% of packets delayed by more than 40ms

Typically, this number N of sensitive packets can be taken as the cumulative percentage (3+0.3+1.2+11.2 %) of active speech packets, for instance N=36 could be used for the double sentence 1 used in delay tests in TS 26.132 (see Tables 1 and 2 for more details).

Profile 1 allows testing PLC. Profile 2 allows testing JBM. Profile 3 allows checking that PLC does not dilute test results.
It is important to select packets so that degradations by the JBM get eventually detected, so these packets must be badly corrected by PLC. Otherwise, if packets that are well corrected by PLC are used, one may interpret that JBM corrects impairments when PLC does this correction. This disentanglement is a key for proper JBM testing.

4. Example

We present here some results based on offline simulations. We illustrate the proposal with double sentence 1 used in 3GPP TS 26.132 for delay tests. In test condition 0 (no impairment), we get the inter-packet intervals shown in Figure 1.
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Figure 1: Interpacket arrival times.

If this double sentence is processed by the EVS codec (DTX ON) where a single frame loss is introduced then we can observe the PLC performance in terms of MOS scores (estimated by POLQA), as shown in Figure 2.


Figure 2: PLC performance of EVS for single packet loss.

Based on this preliminary analysis one may allocate impairments to most sensitive packets as shown in Table 1, where only active speech packets are considered.
Table 1: Example of impairment allocation.
	N° packet
	Impairment
	N° packet
	Impairment

	84
	inversion
	122
	delay

	317
	duplication
	116
	delay

	95
	lost
	120
	delay

	282
	delay
	106
	delay

	283
	duplication
	100
	delay

	119
	lost
	115
	delay

	301
	delay
	142
	delay

	158
	lost
	335
	delay

	103
	delay
	354
	delay

	347
	lost
	336
	delay

	141
	delay
	368
	delay

	96
	lost
	306
	delay

	348
	delay
	337
	delay

	361
	lost
	326
	delay

	367
	delay
	94
	delay

	89
	lost
	362
	delay

	318
	delay
	97
	delay

	159
	delay
	353
	delay



If this process is repeated for the other three double sentences used in 3GPP TS 26.132, we get a complete profile with characteristics summarized in Table 2.





Table 2: Statistics on constructed profile.
	 
	Double Sentence n°1
	Double Sentence n°2
	Double Sentence n°3
	Double Sentence n°4

	Number of active speech packets
	244
	 
	281
	 
	308
	 
	274
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of packet inversions
	1
	0,41%
	1
	0,36%
	1
	0,32%
	1
	0,36%

	Number of lost packets
	7
	2,87%
	9
	3,20%
	9
	2,92%
	8
	2,92%

	Number of duplicated packets
	2
	0,82%
	3
	1,07%
	3
	0,97%
	3
	1,09%

	Number of delayed packets
	26
	10,66%
	31
	11,03%
	35
	11,36%
	30
	10,95%



The profile can be split into three sub-profiles by keeping only losses, or other impairments.
The PLC and JBM behaviour was then verified by running 20 measurements according to 3GPP TS 26.132. We obtain 100 MOS scores (20 measurements x 5 double sentences).
The resulting curves in Figures 3, 4, and 5 can be used as references to test DUTs when the EVS codec is used.



Figure 3: MOS histogram for Profile 1.


Figure 4: MOS histogram for Profile 2.


Figure 5: MOS histogram for Profile 3.


5. Open issues on test setup

Packet duplication is not present in current tests with delay/loss profiles in 3GPP TS 26.132 and it is unclear whether this is supported by current implementations of TS 26.132. 
In next steps we plan to compare the results of offline simulations with measurements according to TS26.132 setup.

6. Proposal
In this Tdoc we proposed to define a delay/loss profile reflecting real VoLTE characteristics to get more relevant tests on JBM behaviour.
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% delta MOS PLC EVS result by Double sentence for 100 measurments
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% delta MOS JBM EVS result by Double Sentence for 100 measurments
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% delta MOS PLC + JBM EVS by Double Sentence for 100 measurments
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I DecodeMedia v-2.4.7 - Inter Packet Interval[IP (src -> dst): fcO1:cafe:1 -> fcOl:ababicdediefed: 1] -
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