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	First Change


6.2
Performance Results for Technical Aspect 1: End-to-End Delay and Quality Enhancements with RAN Delay Budget Reporting

This clause presents the performance results on Technical Aspect 1 that was introduced in Clause 5.1, namely end-to-end delay and quality enhancements with RAN delay budget reporting.

Based on the evaluation methodology described in clause 6.1, Tables 6.2.1 and 6.2.2 present the delay, jitter and PLR statistics at RTP level as well as POLQA scores and end-to-end delay (after JBM operation) for the 26 relevant RAN configurations listed in Table 6.1, considering the EVS WB 13.2 kbps and EVS WB-CA 13.2 kbps, respectively.The additional aspects on the test methodology toward obtaining these results are as follows. Four sentence pairs from P.501 Annex D were concatenated 7 times to form a 182 sec test sequence. This audio signal was encoded using 3GPP reference encoder in TS 26.442. The encoded packets were impaired using delay profiles listed in Table 6.1. The impaired bitstream was then decoded using 3GPP reference decoder and JBM in TS 26.442 to obtain a decoded signal. The decoded waveform was then split for each sentence pair and the POLQA scores and delay values were computed. The POLQA scores and delay values were then averaged among these 28 sentences pairs. The RTP-level statistics were obtained by analyzing the delay profiles generated by the network simulator.

Table 6.2.1 – Delay and jitter statistics and POLQA scores for the 26 relevant RAN configurations listed in Table 6.1 for EVS WB 13.2 kbps
	Mode#
	POLQA Score
	Mean End-to-End Delay (ms)
	Mean RTP-level Delay (ms)
	RTP-level Jitter (ms)
	RTP-level PLR (%)

	1
	4.05
	242
	154
	10
	1.2

	2
	3.86
	248
	164
	21
	1.2

	3
	3.2
	275
	191
	20
	6.6

	4
	3.05
	241
	163
	21
	6.4

	5
	3.95
	281
	193
	23
	1.2

	6
	3.86
	291
	206
	22
	1.2

	7
	3.19
	221
	153
	8
	6.6

	8
	3.04
	266
	204
	20
	6.4

	9
	3.63
	221
	160
	20
	2.6

	10
	3.62
	266
	204
	20
	2.6

	11
	3.24
	246
	158
	16
	6.9

	12
	4.15
	266
	161
	22
	1.1

	13
	3.25
	285
	199
	23
	6.9

	14
	3.99
	306
	202
	29
	1.1

	15
	3.08
	262
	168
	23
	7

	16
	4
	276
	171
	25
	1.1

	17
	3.09
	306
	208
	24
	7

	18
	3.93
	321
	211
	26
	1.1

	19
	3.2
	310
	185
	33
	5.5

	20
	3.22
	352
	226
	35
	5.5

	21
	4.06
	276
	172
	25
	1

	22
	3.83
	321
	212
	26
	1

	23
	3.99
	295
	181
	31
	0.9

	24
	3.89
	336
	225
	33
	0.9

	25
	3.89
	325
	195
	37
	0.9

	26
	3.82
	371
	236
	39
	0.9


Table 6.2.2 – Delay and jitter statistics and POLQA scores for the 26 relevant RAN configurations listed in Table 6.1 for EVS WB-CA 13.2 kbps
	Mode#
	POLQA Score
	Mean End-to-End Delay (ms)
	Mean RTP-level Delay (ms)
	RTP-level Jitter (ms)
	RTP-level PLR (%)

	1
	4.04
	241
	154
	10
	1.2

	2
	3.97
	248
	164
	21
	1.2

	3
	3.61
	278
	191
	20
	6.6

	4
	3.71
	241
	163
	21
	6.4

	5
	3.99
	281
	193
	23
	1.2

	6
	3.9
	292
	206
	22
	1.2

	7
	3.68
	221
	153
	8
	6.6

	8
	3.64
	280
	204
	20
	6.4

	9
	3.92
	240
	160
	20
	2.6

	10
	3.79
	279
	204
	20
	2.6

	11
	3.59
	246
	158
	16
	6.9

	12
	4.07
	248
	161
	22
	1.1

	13
	3.5
	289
	199
	23
	6.9

	14
	3.95
	306
	202
	29
	1.1

	15
	3.62
	262
	168
	23
	7

	16
	4.09
	268
	171
	25
	1.1

	17
	3.57
	307
	208
	24
	7

	18
	3.92
	321
	211
	26
	1.1

	19
	3.71
	311
	185
	33
	5.5

	20
	3.6
	356
	226
	35
	5.5

	21
	4.08
	274
	172
	25
	1

	22
	3.89
	321
	212
	26
	1

	23
	4.06
	289
	181
	31
	0.9

	24
	3.95
	334
	225
	33
	0.9

	25
	3.94
	322
	195
	37
	0.9

	26
	3.89
	366
	236
	39
	0.9


From the data, the following can be observed for the autonomous mode of operation described in clause 5.1: 

1-   Turning off cDRX on downlink does help reduce end-to-end delay, e.g., as seen by comparing the end-to-end performance results in Tables 6.2.1 and 6.2.2 for modes 3 and 7, and those for modes 4 and 8. 

2-   Ability to perform more UL retransmissions by the sending UE at poor coverage provides significant improvement in PLR performance, which also helps increase POLQA scores, e.g., as seen by comparing the end-to-end performance results in Tables 6.2.1 and 6.2.2 for modes 3 and 5, and those for modes 1 and 7.

3-   Turning off cDRX on its own does not yield PLR and POLQA performance improvements. The PLR reduction and consequent POLQA gains come from the additional retransmissions or other kinds of robustness mechanisms employed by the MTSI sender. Turning off cDRX purely helps create the additional delay budget for using such robustness enhancement mechanisms.  

It can be concluded that even for the autonomous mode of operation where the UEs independently perform delay budget reporting without any coordination, it is possible to realize significant gains in end-to-end delay and quality performance. However, it should be noted that the use of autonomous mode has certain shortcomings, as described in clause 5.1

For the coordinated mode of operation described in clause 5.1, the right comparison to make when turning off CRDX on downlink is to consider a higher reliability scheme on UL that takes advantage of this additional delay budget, signalled from the MTSI receiver to the MTSI sender. For example, if cDRX is turned off for downlink, up to 40ms of additional delay budget would be available for uplink and signalled to the MTSI sender, and this could be used for additional uplink retransmissions. Accordingly, the relevant data points to compare would be as follows.
1-    Turning off DL CDRX enables 4 retransmissions on UL, where originally there were 2 retransmissions with cDRX on, as seen by comparing the end-to-end performance results in Tables 6.2.1 and 6.2.2 for modes 1 and 3, those for modes 2 and 8, those for modes 12 and 13, and those for modes 16 and 17.
2-    Turning off DL CDRX enables 4 retransmissions on UL, where originally there were 0 retransmissions with cRDX on, as seen by comparing the end-to-end performance results in Tables 6.2.1 and 6.2.2 for modes 2 and 10.

It can be concluded that one can not only see the end to end performance enhancement in terms of PLR and delay reduction, but also in terms of POLQA scores that results from the availability of additional delay budget for the uplink.
In order to assess the implications on power consumption considered in clause 6.1.7, the coverage analysis presented in clause 8.2.2.4 of TR 26.959 [X] (and associated Figure 8.2.2 of TR 26.959 [X]) may be used. In particular, this coverage analysis is based on the IMT-Advanced evaluation methodology [Y] for the various UEs experiencing PLRs in the range of 1%-10%, at mobility levels 3 km/h (UMa), 30 km/h (UMa) and 120 km/h (RMa), and shows that on average 96.3% of the UEs experience 0% PLR, 2.1% of the UEs experience PLRs in the range of 0-10% and 1.6% of the UEs experience PLRs above 10%.  The analysis also indicates that the same coverage conditions on average will persist in the order of several seconds considering all three mobility levels, i.e., speeds of 3 km/h and 30 km/h for the Urban Macrocell (UMa) and 120 km/h for the Rural Macrocell (RMa) deployment models. From this data, it can be inferred that roughly 2.1% of the UEs experiencing poor coverage would need to rely on additional delay budget to improve end-to-end quality (for the other 1.6% experiencing PLRs above 10%, it is assumed that SRVCC handover would have to be triggered) and assuming that all of these poor coverage UEs are paired up with good coverage UEs (likely outcome considering that 96.3% of the UEs are in good coverage), only a small percentage, i.e., 2.1% of the good coverage UEs would have to turn their cDRX off in order to provide additional delay budget for poor coverage UEs. In other words, there would be no power consumption impact of the above mentioned cDRX deactivation for 98% of the UE population at any given time. And for those 2% of the UEs that are impacted, even if the instantaneous power penalty can be large when CDRX is disabled, the overall average battery drain remains low considering the low probably of occurrence, i.e., on the average only 2% of call time will suffer the power penalty from CDRX being disabled. This seems like a small price to pay for the potential returns in terms of end-to-end quality improvements and possible avoidance of an SRVCC handover.
Moreover, there may be further factors such as the following in effect, which may mean even less than 2% of the UEs are impacted with the additional power consumption due to turning cDRX off:

·    Turning off cDRX is not the only way to allow additional budget for retransmission. The JBM of the UE in good coverage could decide to extend the JBM depth to accomodate the extra jitter. As such, when the UE believes that it can tolerate any further delay or jitter at its JBM, this can open up additional delay budget for the remote UE to perform additional retransmissions. If the good coverage UE makes such a choice, it will not suffer any power penalty as the additional delay budget is created without turning cDRX off. The good coverage UE can still use the RAN delay budget reporting to indicate that it can absorb additional jitter and it may also use the RTP/RTCP signalling in the coordinated mode to inform the remote UE on the additional delay budget. 
·    The UEs agree on using (or prioritizing) other adaptation mechanisms prior to applying the delay budget adjustments, e.g., rate adaptation, application layer redundancy or transitioning to a more robust codec mode based on the negotiated codecs (e.g., channel-aware mode for EVS), and such adaptation mechanisms may help to sufficiently improve end-to-end quality. As such, the use of delay budget adjustments may be used as the last resort option, only if other adaptation mechanisms are unable to provide sufficiently good end-to-end quality.

·    The good coverage UE may initially ask its cDRX be turned off, but the retransmissions performed by the (remote) poor coverage UE with the additional delay budget provided may still not help the end-to-end performance to sufficiently improve, and thus SRVCC handover may have to be triggered anyway. If that happens, good coverage UE would ask that its cDRX is turned back on, toward minimizing the incurred power penalty.
·    If good coverage UE is close to running out of battery, UE may opt out of offering additional delay budget by cDRX deactivation.
In regards to eNB implementation considerations, as indicated by the above cited analysis in TR 26.959, same coverage conditions on average will persist in the order of several seconds considering all three mobility levels, i.e., speeds of 3 km/h and 30 km/h for the Urban Macrocell (UMa) and 120 km/h for the Rural Macrocell (RMa) deployment models. If the UEs are static, such coverage conditions tend to persist for a longer time, i.e., potentially for the entire duration of the MTSI voice session. This means that eNB processing delays in the order of ~100ms will have negligible impact on the potential end-to-end performance benefits to be extracted out of delay budget adaptation, such that the performance gains in terms of quality and reliability should persist for at least several seconds in all mobility conditions and for even longer periods for static UEs.
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5.1.1
Description
RAN delay budget reporting allows air interface delay adjustments at MTSI sender and/or MTSI receiver, so that the end-to-end delay and quality performance can be enhanced. Considering the use case described in clause 4.2, a good coverage UE on the receiving end to reduce its air interface delay, e.g., by turning off CDRX or via other means. This additional delay budget can then be made available for the sending UE, and can be quite beneficial for the sending UE when it suffers from poor coverage. The sending UE would request the additional delay from its eNB, and if granted, it would utilize the additional delay budget to improve the reliability of its uplink transmissions in order to reduce packet loss, e.g., via suitable repetition or retransmission mechanisms.

Toward developing an end-to-end operational perspective for the MTSI sender and MTSI receiver, the consideration of two modes are relevant:

1-    Autonomous mode: MTSI sender and MTSI receiver independently use RAN delay budget reporting mechanisms toward adjusting air interface delay in their respective RANs. As such, there is no coordination between them. In the meantime, both sending and receiving UEs utilize available end-to-end metrics and other information available at their MTSI client to trigger RAN delay budget reporting.  

2-    Coordinated mode: MTSI sender and MTSI receiver trigger and use RAN delay budget reporting mechanisms in a coordinated fashion, and exchange delay budget information with each other, as they work toward adjusting air interface delays in their respective RANs. In particular, in the coordinated mode (i) an MTSI receiver can indicate available delay budget to an MTSI sender, and (ii) an MTSI sender can explicitly request delay budget from an MTSI receiver. Detailed description of the potential solutions to signal delay budget availability information between the MTSI sender and receiver may be found in Clause 5.1.5.2. Both sending and receiving UEs utilize available end-to-end metrics at their MTSI client and other relevant application layer signalling received from the remote MTSI client to trigger RAN delay budget reporting.  
As will be more evident in the forthcoming signalling flows, the shortcomings of the autonomous mode are as follows:

1-   While the MTSI sender and MTSI receiver UEs may both be independently able to adjust their air interface delays based on the information in their MTSI clients, they are never aware of the capabilities or actions of the other UE. For example, while an MTSI receiver in good coverage may turn off cDRX to create delay budget for an MTSI sender, it may be the case that the MTSI sender does not even support delay budget reporting, or that the MTSI sender’s eNB may not grant the additional delay budget to the MTSI sender, so the effort of the MTSI receiver may not deliver any end-to-end performance gain, and end up wasting the battery power of the MTSI receiver UE. Likewise, an MTSI sender in poor coverage may increase its air interface delay in an attempt to perform further retransmissions to mitigate against packet losses, without any knowledge of the possible detrimental impacts on the MTSI receiver, e.g., packets being dropped at the jitter buffer management (JBM) level.

2-   When UE-1 and UE-2 independently adjust their air interface delays, they must rely on the end-to-end measurements available at their MTSI clients, e.g., by monitoring reception of RTP packets and RTCP sender and receiver reports, and knowledge of their local radio conditions. Purely relying on this information, an MTSI receiver may not be able to correctly detect the need for additional delay budget at the MTSI sender, e.g., as it may be the case that the losses are caused in the network. An explicit indication from the MTSI sender as would be enabled by the coordinated mode can help the MTSI receiver make the right conclusion. Moreover, the MTSI receiver may not be able to determine exactly how much additional delay budget is needed on the air interface for the MTSI sender UE. Likewise, an MTSI sender may not be able to determine exactly how much additional delay budget it could ask from its eNB in the autonomous mode, in the absence of any signalling from the MTSI receiver.

3-   With the use of the coordinated mode, delay budget adaptation and consequent larger number of retransmissions can be done faster via the real time exchange of delay budget information using RTP/RTCP signalling compared to the autonomous mode which would have to rely on measurements and inference at the UEs based on packet statistics, collection of which requires a certain observation period and averaging window, so this is another advantage of the coordinated mode over autonomous mode.
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