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1
Introduction
This contribution describes the link budget gains offered by different EVS modes compared to AMR-WB. Some benefits of eNB awareness of the codec mode are also outlined and should be considered as part of this study for coverage and mobility enhancements.
2
Link level simulation and results for different EVS modes and AMR-WB
Objective of the simulations:

Characterize uplink link budget and coverage (in terms of cell radius) gains for the different EVS modes using AMR-WB 12.65 kbps as the reference.

Methodology and EVS modes:

The quality benchmark for this exercise was chosen to be AMR-WB 12.65 kbps at 1% target BLER which is the “HD Voice” experience delivered by commercial 3GPP networks at cell center. The BLER targets for the different EVS modes were chosen such that the resulting voice quality is equal or better than AMR-WB @ 1% BLER. Table 1 lists the EVS modes, corresponding transport block size (TBS) and BLER target included for the simulation study. Annex B provides details of how the transport block size was derived from source rate. 

	EVS mode
	Transport Block Size 
	Target BLER

	7.2 kbps WB
	208
	1%

	8 kbps WB 
	224
	1%

	9.6 kbps WB 
	256
	1%

	13.2 kbps WB Channel Aware (Ch-Aw) mode
	328
	6%


Table 1: EVS modes and corresponding BLER targets to meet or exceed the voice quality benchmark

Detailed analysis and results from both 3GPP subjective testing [1] and P.OLQA based objective testing/correlation to subjective MOS [2] were used to establish the above mentioned BLER targets that provide similar voice quality to the reference. EVS 13.2 kbps WB Ch-Aw mode incorporates advanced error concealment techniques for significantly improved robustness against packet losses which allows the target BLER to be increased to 6% while maintaining the same voice quality as AMR-WB at 1% BLER as seen in [1] and [2]. SWB Ch-Aw mode will offer significantly improved voice quality as compared to the WB Ch-aw mode at the same bit-rate of 13.2 kbps and BLER target.

A delay budget of 50 ms was chosen for the simulation which pertains to 7 transmissions (Tx) without TTI-bundling (TTI-B) and 4 transmissions with TTI-B.

UL curves of BLER versus SNR were generated for the different TBSs (corresponding to the EVS bit-rates in Table 1) for up to 7 Tx for no TTI-B case and up to 4 Tx for TTI-B case. This was run for EPA 5.5 Hz and ETU 55 Hz channel models. 

Additional simulation configuration: UE Tx power = 23 dBm, eNB noise figure = 5 dB, numRB=1 and variable MCS as shown in the title of each figure.

The BLER targets specified in Table 1 were then applied to the UL curves to develop the comparative link budget analysis of the different EVS modes with respect to AMR-WB 12.65 kbps.

Simulation results:
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Figure 1: BLER versus SNR link level curves for 7.2 kbps TBS = 208; 8 kbps TBS = 224;

9.6 kbps TBS = 256; 13.2 kbps TBS = 328 – with TTI-B for EPA 5.5 Hz
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Figure 2: BLER versus SNR link level curves for 7.2 kbps TBS = 208; 8 kbps TBS = 224; 9.6

kbps TBS = 256; 13.2 kbps TBS = 328 – without TTI-B for EPA 5.5 Hz

Table 2 below calls out the SNR value (from the UL link curves) that corresponds to the BLER target specified in Table 1 for the different EVS modes and AMR-WB.
	Codec Type
	Channel Model
	Target UL BLER (%)
	Target Total BLER* (%)


	UL TBS (bits)
	UL SNR (dB) with TTI-B
	UL-SNR (dB) without TTI-B

	7.2 kbps WB
	 EPA 5.5/ETU 55
	1.0
	2.0
	208
	-3.29 / -6.57
	0.53 / -3.17

	8 kbps WB
	
	1.0
	2.0
	224
	-3.14 / 6.43
	0.77 / -3.0

	9.6 kbps WB
	
	1.0
	2.0
	256
	-2.67 / -5.86
	1.35 / -2.5

	13.2 kbps WB-Channel Aware Mode
	
	6.0
	8.0
	328
	-4.86 / -6.71
	-1.29 / -3.57

	AMRWB 12.65kbps (Ref)
	
	1.0
	2.0
	328
	-2.33 / -5.29
	+1.57 / -2.43


*Total BLER assumes 1% BLER on downlink

Table 2: UL-SNR values corresponding to BLER targets for EVS and AMR-WB
The following link budget comparison is derived from the data in Table 2.
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Figure 3: Comparative Urban MAPL (dB) for TTI-B, EPA 5.5, 800 MHz

As shown in Figure 3, the EVS modes offer link budget gains over AMR-WB 12.65 kbps. The lowest constant bit-rate mode of EVS is 7.2 kbps which offers 0.95 dB link budget gains while the highest link budget gains are realized via the channel aware mode at 13.2 kbps. The following BLER versus SNR curves (Figure 4) illustrate further the reason why relaxing (i.e. allowing for a higher target) BLER is more effective than bit-rate reduction to realize link budget/coverage gains.

[image: image10.emf]
Figure 4: BLER versus SNR curves for TBS = 328 and 208.

As illustrated in Figure 4, significantly higher link budget gains can be realized via target BLER relaxation (increase) as compared to bit-rate reduction. For example, the improvement in SNR between the 1% and 6% BLER points along the 4Tx curve for TBS 328 is 2.5 dB as compared to the 0.95 dB SNR improvement between the 1% BLER points of the 4Tx curves corresponding to TBS 328 and 208.

Figure 5 (a)-(f) provides the cell radii that can be achieved by the link budgets needed to support AMR 12.65 and various modes of EVS across different frequency bands.  EVS 7.2 kbps and 13.2 kbps channel aware mode provide a wider coverage (higher cell radius) than AMR 12.65, with 13.2 kbps channel aware mode providing the largest coverage gain amongst all EVS modes. This conclusion applies across all frequency bands of interest, with and without TTI-bundling and EPA 5.5/ETU 55 fading channel models Figures 6 and 7 illustrate the indoor coverage gains of EVS channel aware mode over AMR 12.65 across the deployment mapped to commercial markets.
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(c)                                                                              (d)

[image: image15.png]EVS Cell Radii across Modes and Channel Models: 2600MHz FDD

20 \—/\
\_/\

EVS-7.2 EVS-8.0 EVS-9.6 EVS-13.2 AMR-12.65

Cell radius {m)
- i
w ~
o w

-
N
a

100

Vocoder & bit rates

—e—EPA5.5n0TTIB —e—EPA55TTIB —e—ETU55n0TTIB —e—ETU55TTIB



 [image: image16.png]Cell radius {m)

220

200

180

160

140

120

100

EVS Cell Radii across Modes and Channel Models: 2300MHz TDD

.—.\'/\
._\'/\

EVS-7.2 EVS-8.0 EVS-9.6 EVS-13.2 AMR-12.65

Vocoder & bit rates

—e—EPA5.5n0TTIB —e—EPA55TTIB —e—ETU55n0TTIB —e—ETU55TTIB




                                  (e)                                                                             (f) 


[image: image17]
Figure 6: Comparative Indoor Coverage Prediction for Market-1
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Figure 7: Comparative Indoor Coverage Prediction for Market-2
1. Field Test Results

Field tests were conducted in two commercial VoLTE networks.

In network A (LTE-TDD, 20MHz bandwidth, UL/DL configuration 2, no TTI-B, PDCP discard timer: 150ms) the following test set-up was used to measure P.OLQA vs. RSRP:
· UE location was varied to span a range of RSRP from -108 dBm to -122 dBm
· Single cell coverage, inter/intra-handover and IRAT handover were disabled

· For each voice codec setting, VoLTE to VoLTE calls were established. The total duration of captured audio across the span of RSRP was ~ 90 minutes.
· During the test, P.OLQA score in one direction was recorded (at 10 sec intervals) by the test equipment (P.OLQA box). In addition other VoLTE/LTE info was logged using a real-time data collection and diagnostic tool called QXDM (Qualcomm eXtensible Diagnostic Monitor) as illustrated in Figure 8.
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Figure 8: Test set-up for measuring P.OLQA vs. RSRP for AMR, AMR-WB, and EVS codecs
Figure 9 summarizes the general observations from the field data that EVS channel aware mode can achieve the same voice quality (P.OLQA = 3.8) as AMR-WB 23.85 with ~5dB link budget gain. 
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Figure 9: Field data representing RSRP vs. MOS (P.OLQA)
In live network B, the performance of the EVS channel aware mode, EVS-WB at 7.2 kbps, and AMR-WB 12.65 kbps at the cell edge in indoor coverage was compared as follows:

· Recorded RTP packet logs from OTA M-to-M AMR-WB 12.65 kbps calls (same TBS as 13.2 kbps EVS Ch-aw mode) which spanned a range of RSRP and RTP loss rates (main focus was on segments of the logs which resulted in 0-8% RTP packet loss rate)

· Derived delay loss profiles from 2-3 min segments of RTP packet logs and repeated to extend to at least 6 mins; c-simulation of EVS/AMR-WB encoding, delay loss profile injection, DJB and EVS/AMR-WB decoding; computed P.OLQA on decoded output for different FERs. 

· Calls were consistently maintained (without drops) at 6-8% FER ; Avg. RSRP -125.43 dBm

The resulting P.OLQA scores based on RTP packet logs from the field test (illustrated in Figure 10) confirm the underlying voice quality equivalence for the link budget gains, i.e. voice quality of EVS Channel Aware mode @ 6% FER equal to AMR-WB 12.65 @ 1% FER. Furthermore, combining Figure 4 and Figure 10, the point in the cell where EVS Channel Aware mode is subject to 6% BLER is significantly better in voice quality than EVS 7.2 kbps which would experience a BLER of 3%.
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Figure 10: P.OLQA vs. FER
3
Benefits of RAN awareness of Channel aware mode 

Based on the above simulations and field test results we have identified the following potential benefits to making the RAN aware that the UE is using the EVS codec in channel aware mode:

1. Extended coverage/time in VoLTE by setting the threshold for handing over to SRVCC at a higher BLER target

2. Lower UL transmit power from the UE as higher BLER target is set for the UE.  This can provide the following benefits:

a. Better coverage for the EVS channel aware-UE as the UE can meet the target BLER over wider area/coverage

b. Better coverage for UEs in adjacent cells as less interference caused by EVS channel aware-enabled UEs in the center cell

c. Better battery-life for the EVS CA-enabled UE

d. This might also be used to improve capacity due to lower interference 

Furthermore, the threshold for TTI-B and/or RLC segmentation may have to be set differently for EVS CA if the limiting loss rate is now 6% (as opposed to the typical 1%) for optimal end to end (e2e) delay and link budget gains.

Also, there may be eNB implementations that monitor the UL packet loss rate (PLR) and tear down the call when this exceeds a particular threshold.  Depending on the threshold setting, such implementations may need to know of EVS channel aware mode operation to not drop the call even when observing higher PLRs.

It should also be possible to achieve alternate coverage gains by tweaking PDCP timer, RLC segmentation, HARQ count, and BLER parameters to target a pre-determined maximum BLER (for example 6% on the uplink) which results in the same voice quality as AMR-WB at 1% BLER. Reducing HARQ count could also benefit in reducing signalling overhead and e2e delay. Then, when the RAN is made aware of EVS channel-aw operation it can use these parameter settings.
Note that generally, the 6% maximum BLER in the uplink does not necessarily result in physical layer specification changes. Currently, for SPS traffic, there is already a dedicated set of open loop power control parameters separately configured from those for dynamically scheduled uplink traffic. However, if the additional complexity and impact can be justified, it is possible to further enhance uplink efficiency by introducing a closed loop power control function (i.e., the f(i) function for PUSCH) dedicated for SPS traffic, separating it from the non-SPS traffic. This would result in two closed loop power control functions f_SPS(i) and f_nonSPS(i), which is respectively utilized depending on the type of PUSCH transmission in a subframe.
4
Conclusion and Recommendations

The simulation and field test data demonstrate how the EVS Channel Aware mode can provide significant coverage gains vs. AMR-WB.  Furthermore, having the RAN be aware of EVS Channel Aware operation provides even more benefits and in some cases may be needed to realize the coverage gains (for example setting the threshold for handing over to SRVCC at a higher BLER target). Therefore it is recommended that RAN2, in collaboration with SA2, specify procedures by which the eNB can be given an indication when EVS Channel Aware mode is in operation. 
Generally, this feature does not necessarily result in physical layer specification changes, although some enhancements on closed loop power control are possible, if the additional complexity and impact can be justified.

5
Proposal

The following text be inserted into clause 7 of 3GPP TS 36.750 v0.2.0, with reference to the present document ([xx] below).

	7
VoLTE/video enhancements to improve quality
7.1
Identified problems of existing mechanisms
The problem or poor Up Link quality at and near the cell edge has been observed in commercial LTE networks, especially those that were not dimensioned for VoLTE/video services.  Although the coverage can be improved by a more dense cell deployment, the deployment of more infrastructure and towers can be prohibitive.
7.2
Potential solutions
The higher error-resiliency provided by the EVS codec in channel aware mode can be used to improve the speech quality of VoLTE/video calls. 
7.3
Evaluations and Conclusions
Simulation and field test data demonstrate how the EVS Channel Aware mode can provide significant coverage gains vs. AMR-WB [xx].  Furthermore, having the RAN be aware of EVS Channel Aware operation provides even more benefits and in some cases may be needed to realize the coverage gains (for example setting the threshold for handing over to SRVCC at a higher BLER target). Therefore it is recommended that RAN2, in collaboration with SA2, specify procedures by which the eNB can be given an indication when EVS Channel Aware mode is in operation.
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     Broadcast/Multicast Service (MBMS) enhancements for MCPTT over LTE
Annex A: EVS Channel-Aware Mode
EVS offers partial redundancy based error robust channel aware mode at 13.2 kbps for both wideband and super-wideband audio bandwidths.

In a VoIP system, packets arrive at the decoder with random jitters in their arrival time. Packets may also arrive out of order at the decoder. Since the decoder expects to be fed a speech packet every 20 ms to output speech samples in periodic blocks, a de-jitter buffer is required to absorb the jitter in the packet arrival time. The channel aware mode combines the presence of a de-jitter buffer with partial redundancy coding of a current frame which gets piggy-backed onto a future frame. At the receiver, the de-jitter buffer is polled to check if a partial redundant copy of the current lost frame is available in any of the future frames. If present, the partial redundant information is used to synthesize the lost frame which offers significant quality improvements under low to high FER conditions. Source control is used to determine which frames of input can best be coded at a reduced frame rate (called primary frames) to accommodate the attachment of redundancy without altering the total packet size. In this way, the channel aware mode includes redundancy in a constant-bit-rate channel (13.2 kbps).

The spacing between the packet containing the primary frame and the future packet containing the partial redundant frame determines the maximum burst error length that the error resiliency mechanism can correct.  This spacing is configurable but defaults at 3 frames.

Annex B: Transport block size for EVS rates
	EVS codec rate
	Bits per speech frame


	Speech frame size (in bytes)
	RTP header (ROHC)
	PDCP
	RLC
	MAC
	Additional overhead (*)
	Total (bytes)
	TBS (bits) 

	EVS 7.2 kbps
	144
	18  

 
	3
	1
	1
	1
	2
	26
	208

	EVS 8 kbps
	160
	20

 
	3
	1
	1
	1
	2
	28
	224

	EVS 9.6 kbps
	192
	24 

 
	3
	1
	1
	1
	2
	32
	256

	EVS 13.2 kbps
	264
	33

 
	3
	1
	1
	1
	2
	41
	328


* Additional overhead to handle small variations in ROHC header size and/or L2 header size (e.g. short BSR, PHR)
PAGE  
11/13

[image: image22.png]-126

RSRP vs MOS (P.OLQA) Score

~ 5dB RSRP Gap
at MOS=3:8 level ,

-124 -122 -120 -118 -116 -114
RSRP (dBm)

——— EVS MOS =—@=— AMR WB 23.85 MOS =—@=—AMRWB 12.65M0S ====- EVSfitting =====

-112

-110

5.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00
-108

AMR-12.65 Fitting

MOS (POLQA score)




[image: image23.png]P.OLQA Box




[image: image24.png]P.OLQA

P.OLQA vs FER

® AMRWB1265 @®EVS7.2WB ®EVS132CA WBRF3 ® EVS132CASWB RF3

EVS Ch-aw mode at 6% frame erasure (FER) is equal to AMR-WB
1265 at 1% FER

EVS Ch-aw mode at 6%
frame erasure (FER) is better
than WB 7.2 kbps at 3% FER

2.60 T T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

FER Percentage



[image: image25.png]Market-2 [2600MHz, LTE-TDD]

M EvS 132 SWB In




[image: image26.png]Market-1[700MHz, LTE-FDD]

O
5 8
g =
s £
£ o
==
o
2
N
R
Eﬁ
—
o >
S




