
3GPP TSG RAN WG1 #82



     R1-154727
August 24-28, 2015 - Beijing, China
Source: Qualcomm Incorporated

Title: Considerations on EVSoCS error protection
Document for: Discussion and Approval

Agenda Item: 6.5.2

1. 
Introduction

This paper addresses few open points related to the Rel-13 Work Item on UTRAN support for EVS over CS ([1]), specifically on channel coding error protection schemes, namely Unequal Error Protection (UEP) and Equal Error Protection (EEP), and also related aspects on RAB subflows operation.

The topic of error protection has been already discussed in SA4 (where EEP is assumed so far), requiring some feedback from RAN2 ([2]): “SA4 assumes that equal error protection is used for all rates in all Configurations and seeks guidance from RAN2 on this aspect”. 

This paper, in fact, is a mirror of a contribution submitted also to RAN2#91 [3]; the aim is to trigger RAN1’s discussion on the matter, and provide relavant PHY related views/inputs.  
2. 
Discussion

2.1 General considerations 

In few words, the two channel coding protection schemes known as EEP and UEP differ in the following main aspects: 

· EEP applies a simple approach not to differentiate the codec bits and run CRC protection on all bits

· UEP aims at optimizing link-efficiency by CRC-protecting only a subset (class-A) of important bits in the voice packet, and prioritizing these bits over the other (class-B) bits (e.g. using stronger channel-coding and/or less puncturing for class-A compared to class-B).
Both AMR-NB and AMR-WB over CS use UEP schemes, while CSoHS and VoIP (VoHSPA or VoLTE) do not.
While in general UEP is expected to provide some improvement over EEP, there are few important factors and impacts that need to be considered, especially for EVS over CS.

As highlighted in [4], the EVS codec works using several cores (e.g. ACELP, MDCT) and supports many modes, bit rates, and also bandwidths. Analyzing and deriving optimal sensitivity bit classes for all cases would require a considerable effort and amount of simulation work. In addition, as observed for legacy codecs, thorough voice-quality testing would also be required to validate simulated gains or find more optimal classes of bits. 
Furthermore, the LS [2] from SA4 explicitly notes that it is important to have a good EVS error detection, i.e. knowing when bits are received in error: “SA4 further assumes that reliable error detection, at least as good as for AMR-WB, is provided. Reliable error detection is important for speech quality”. This suggests that, if considering a UEP scheme, the tolerable BER on the bits which lack CRC protection should be similar or lower than AMR targets, which is one criteria taken into consideration in the analysis below.
In order to have a first impression on those expected benefits of UEP over EEP, i.e. whether they may justify the required efforts, few initial simulations were performed. Main results and observations are captured in the next section.
2.2 Initial Simulation Results and Analysis

The analysis provided here focuses on few selected EVS codec rates. 

Similar simulation analysis has been performed also for legacy AMR codec rates. Results are captured in the Annex.
2.2.1 Link Level Simulations for EVS - Assumptions and Parameters

The main simulation assumptions, and notes/disclaimers, are listed below (more details are in Annex A):

1) UEP uses two transport-channels, for class-A and class-B bits. Only class-A has CRC (12 bit). Class-C bits as in AMR12.2kbps were not used.
2) ‘uepRatio’ is the ratio of class-A to class-B bits. Different ratios were considered, as indicated below. All packets larger than 56 bits were partitioned into class-A and class-B in the UEP scheme. Different rate-matching attribute settings were used to probe different points in the tradeoff between class-B BER and link gain of UEP.
3) ‘uepgain’ is the gain of UEP over EEP, with DCCH assumed always absent. In the case of downlink, this gain is measured with rate-matching attributes chosen such that both UEP and EEP scheme allocate the same number of bits to DL DCCH (these bits are all DTXed as the DCCH is assumed absent).
4) For uplink, the uepgain is measured separately for each packet-size, i.e., assuming CBR with 100% voice-activity factor (VAF) for each codec-rate. For downlink, results for 50% VAF are also provided, obtained by measuring the link performance separately for each packet type and then averaging the results based on the relative frequency of occurrence of the packets at 50% VAF. The relative frequency is 7/16, 1/16, and ½ respectively for the Null, SID, and full voice packets for the constant-bitrate (CBR) codec modes. For the 5.9kbps VBR mode, the relative frequencies for the Null, SID, NELP (56 bit), ACELP (144 bit) and Transient (160 bit) packets are 43.5%, 6.5%, 13.5%, 31.4%, and 5.1% respectively
5) Simulation results in this section use a simplified AWGN symbol-based simulator with ideal channel estimation at the receiver. Some further results are provided in the Annex using the full chip-based link-simulation using the same methodology as in TR25.702.

2.2.2 Link Level Simulations for EVS - Simulation results

Tables 1 and 2 capture few selected simulation results, for different EVS codec rates, VAF, and other params. Results are shown for both DL and UL

Table 1: EVS UEP link-gains for DL
	
	uepgain dB
	
	
	Maximum code-rate after rate-matching

	EVS Codec rate
	VAF50
	VAF100
	Class-B-BER %
	uepRatio
	class-A
	Class-B

	5.9 SF256
	0.18
	0.29
	0.471
	0.58/0.67*
	0.53
	0.58

	5.9 SF256
	0.40
	0.46
	1.662
	0.8
	0.51
	0.59

	13.2
	0.37
	0.42
	0.445
	0.8
	0.35
	0.40

	24.4
	0.31
	0.33
	0.209
	1.4
	0.30
	0.35

	24.4
	0.36
	0.37
	0.103
	0.8
	0.30
	0.34


*uepRatio r1/r2 means ratio of class-A to class-B bits is r1 for largest packet and r2 for next-largest one
Table 2: EVS UEP link-gains for UL
	 
	code-rate
	 

	EVS Codec 
rate
	SF
	uepgain dB
	Class-B-BER %
	class-A
	Class-B
	uepRatio

	7.2
	128
	0.30
	0.160
	0.25
	0.27
	0.58

	8.0
	128
	0.24
	0.115
	0.27
	0.30
	0.67

	13.2
	64
	0.32
	0.077
	0.22
	0.24
	0.8

	24.4
	32
	0.29
	0.046
	0.20
	0.21
	0.8

	

	7.2
	128
	1.09
	4.728
	0.21
	0.32
	0.58

	8.0
	128
	1.08
	5.358
	0.23
	0.35
	0.67

	13.2
	64
	1.07
	3.608
	0.19
	0.29
	0.8

	24.4
	32
	1.14
	3.183
	0.17
	0.26
	0.8


Main gain figures are highlighted in bold blue.
Cases corresponding to higher class-B BER (1 to 5%) are highlighted in italic. They show, as expected, higher UEP gains, but at the cost of worse error detection performance. As mentioned earlier, EVS should provide similar or better performance than AMR. 

2.2.4 UEP vs EEP - Conclusions
Based on the initial analysis described above, assuming a typical/common BER/quality target (around 0.1%), UEP gains, compared to EEP, do not seem significant (0.2-0.4dB at link level). 
Thus, the choice to use EEP for EVS is considered suitable, and overall preferable.
2.3 EEP and RAB subflows

As discussed above, let us assume that EEP is used for EVS. 

From a RAB configuration point of view, specifically in terms of Transport channels (or RAB subflows), while UEP uses multiple bit classes, mapped into different RAB subflows, EEP could use one single RAB subflow (like VoIP). On the other hand, to ease reconfiguration to legacy codecs (using 3 RAB subflows), one can consider to define two extra “dummy” (empty) subflows (as it was done for AMR-WB [5]). 

In such case, those dummy subflows should simply be empty. In fact, bits splitting across subflows is expected to be worse than using a single subflow, since all the split parts will need separate CRC protection and tail-bit overhead (8 zero-pad bits to be added after CRC-attachment, needed for convolutional coding).

In conclusion, it is proposed that, if EEP is adopted, EVS RABs should be defined using three RAB subflows, where two of them are dummy subflows.

3. 
Conclusions
This paper has provided some initial observations on UEP versus EEP schemes for EVS over CS. Based on the considerations above, the following conclusions are made: 

· Initial simulation results and analysis show that UEP gains over EEP seem limited, thus using EEP for EVS is overall suitable. 

· If EEP is adopted, EVS RABs should be defined using three RAB subflows, where two of them are dummy subflows.

RAN1 should discuss the above points and provide feedback to SA4 and RAN2.   
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Annex A

A.1 Other Link simulation results (for information)
Additional Simulation Results – Legacy AMR

The tables below shows link level simulation results (UEP vs EEP link gain, in dB) for AMR and AMR-WB, for completeness.

AMR UEP gain vs BER (AWGN symbol-based linksim)
	AMR UEPgains
	uep link-gain dB
	class-B,C BER %
	code-rates

	Link
	Codec
	RM-attribs
	VAF50
	VAF100
	B
	C
	A
	B
	C

	R99 DL
	12.2 Today (B&C)
	Vendor A
	0.13
	0.21
	0.032
	0.835
	0.33
	0.32
	0.37

	
	
	Vendor B
	0.27
	0.33
	0.109
	1.000
	0.32
	0.33
	0.35

	
	
	Vendor C
	0.42
	0.49
	0.146
	1.626
	0.33
	0.36
	0.40

	
	
	Vendor D
	0.38
	0.44
	0.173
	1.720
	0.34
	0.36
	0.41

	
	5.9
	Vendor B
	-0.06
	0.03
	0.163
	
	0.48
	0.48
	

	
	12.65WB
	Vendor B
	0.34
	0.42
	0.130
	
	0.32
	0.35
	

	R99 UL
	12.2
	Vendor A
	 
	0.18
	0.037
	0.604
	0.211
	0.206
	0.231

	
	
	Vendor B
	 
	0.45
	0.148
	1.545
	0.200
	0.213
	0.240

	
	
	Vendor D
	 
	0.46
	0.137
	2.000
	0.200
	0.211
	0.244

	
	5.9
	Vendor B
	 
	0.03
	0.156
	 
	0.212
	0.222
	 

	
	12.65WB
	Vendor B
	 
	0.40
	0.109
	 
	0.210
	0.226
	


…..



Note: results for R12 enhanced DCH are not shown above (for simplicity), but are not so different than R99 DCH (similar conclusions, in fact, apply).

Overall, the following observations can be made:

· At VAF100, gain ~0.1-0.5dB (AMR12.2 & 12.65) and ~0dB for AMR5.9

· For all modes – DL/UL, and R99/DCH-enh.
· For VAF50, slightly (≤0.1dB) lower gain in DL, as SID/Null can’t split into class-B,C

· Gain not very sensitive to DCCH code-rate

-------
DL AMR 12.2/R99 (Vendor B), full-linksim (methodology of TR25.702)
	Channel/Geometry

	DPCH TxEcIor (dB) averaged over packet types- VAF50


	Link gain (dB)-VAF50

R99 UEP gain
	uep class-B,C BER% for ‘Full’ voice packet

	Link gain (dB)-VAF100

R99 UEP gain

	 
	 G [dB]
	R99 (uep)
	R99 (eep)
	
	B
	C
	

	PA3
	3
	-18.83
	-18.40
	0.43
	0.104
	0.363
	0.6

	
	6
	-21.47
	-21.26
	0.21
	0.117
	0.571
	0.35

	
	9
	-23.81
	-23.63
	0.18
	0.129
	0.727
	0.33

	
	12
	-25.79
	-25.63
	0.16
	0.129
	0.803
	0.29

	PB3
	3
	-20.45
	-20.28
	0.17
	0.135
	0.805
	0.29

	
	6
	-21.93
	-21.76
	0.17
	0.137
	0.863
	0.31

	
	9
	-22.90
	-22.69
	0.21
	0.147
	0.913
	0.35

	
	12
	-23.46
	-23.28
	0.19
	0.150
	0.919
	0.32

	VA30
	3
	-20.68
	-20.48
	0.20
	0.160
	0.933
	0.35

	
	6
	-22.25
	-22.03
	0.22
	0.171
	1.020
	0.37

	
	9
	-23.27
	-23.01
	0.26
	0.177
	1.052
	0.43

	
	12
	-23.87
	-23.60
	0.27
	0.193
	1.104
	0.45

	VA120
	3
	-20.87
	-20.65
	0.21
	0.159
	1.000
	0.37

	
	6
	-22.29
	-22.06
	0.22
	0.169
	1.050
	0.39

	
	9
	-23.19
	-22.97
	0.22
	0.183
	1.065
	0.39

	
	12
	-23.72
	-23.45
	0.27
	0.192
	1.100
	0.45

	AWGN
	3
	-24.85
	-24.74
	0.12
	0.122
	0.701
	0.25

	
	6
	-27.87
	-27.74
	0.13
	0.117
	0.707
	0.26

	
	9
	-30.86
	-30.74
	0.13
	0.120
	0.706
	0.25

	
	12
	-33.86
	-33.75
	0.11
	0.120
	0.706
	0.23


Additional Simulation Results – EVS

EVS Full Link-sim results (following methodology of TR25.702)
Link gain & class-B/C BER by channel & geometry, for EVS 5.9kbps (VBR) codec (VAF 50%).
	Channel
	Geometry dB
	EVS5.9dB link gain
	EVS UEP class-B BER %

	
	
	UEP vs EEP
	Transient pkt
	Acelp pkt

	ITU PA3
	3
	0.28
	0.3
	0.2

	
	6
	0.26
	0.4
	0.3

	
	9
	0.24
	0.4
	0.4

	
	12
	0.26
	0.5
	0.4

	ITU PB3
	3
	0.20
	0.5
	0.4

	
	6
	0.22
	0.5
	0.5

	
	9
	0.22
	0.5
	0.5

	
	12
	0.22
	0.5
	0.5

	ITU VA30
	3
	0.29
	0.6
	0.5

	
	6
	0.29
	0.6
	0.6

	
	9
	0.30
	0.7
	0.6

	
	12
	0.30
	0.7
	0.6

	ITU VA120
	3
	0.23
	0.5
	0.5

	
	6
	0.28
	0.6
	0.6

	
	9
	0.30
	0.7
	0.6

	
	12
	0.29
	0.7
	0.6

	Across channels & geometries
	0.19
	0.26
	0.22

	
	0.30
	0.70
	0.63


The above results assume the following RM attributes and resulting code-rates:

[image: image1.emf] 

packet type TBS conv code-rateCRCsize RM bits punctured code-rate (post RM)RM bits punctured code-rate (post RM)

Transient (EEP) 160 12 52 0.558442 - -

Transient-A (UEP) 59 12 - - 24 0.529851

Transient-B (UEP) 101 0 - - 44 0.58046

Acelp (EEP) 144 12 48 0.557143 - -

Acelp-A (UEP) 59 12 - - 24 0.529851

Acelp-B (UEP) 85 0 - - 38 0.574324

Nelp 56 12 22 0.523077 24 0.53125

Sid 40 12 18 0.509804 19 0.514851

Null 0 12 6 0.352941 7 0.363636

DCCH * 148 rate 1/3 16 172 0.476744 172 0.476744

* DCCH is not transmitted in simulations

EEP: RMattrib 210:162 (DTCH:DCCH) UEP: RMattrib 210:195:162 (DTCH-A:B:DCCH)

rate 1/2

EVS5.9K DL TFs & code-rates. (slot-format 2, SF256)
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