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1 Introduction

At SA plenary meeting #28, the Feasibility study on enhancement of radio performance for VoIMS [1] has been agreed. The WID indicates that the two radio optimization methods providing radio optimisation for VoIMS - Unequal Error Protection (UEP) and Header Removal (HR) - cannot be used with the existing specifications, and that it is necessary to study which additional information are needed by RNC to allow these optimisations, and how these information can be provided to RNC. 

This paper explores the benefits of UEP and a companion paper explores what are the additional information needed by the RNC, whether this information is needed by the CN, and how this information can be provided to the RNC. 

2 Benefits of Unequal Error Protection

Unequal Error Protection consists in assigning different channel coding schemes to different set of bits of the voice frame. Indeed, it has been shown that a loss of bits in a 20 ms voice frame affects the understanding of the conversation more or less depending on the bit position in the frame. Therefore, the bits are classified in classes: Class A bits, Class B bits and Class C bits according to TS 26.101 [2] for AMR codec as shown in table 1 below.

Table 1: Number of bits in Classes A, B, and C for each AMR codec mode

	Frame Type
	AMR
codec mode
	Total number of bits
	Class A
	Class B
	Class C

	0
	4,75
	95
	42
	53
	0

	1
	5,15
	103
	49
	54
	0

	2
	5,90
	118
	55
	63
	0

	3
	6,70
	134
	58
	76
	0

	4
	7,40
	148
	61
	87
	0

	5
	7,95
	159
	75
	84
	0

	6
	10,2
	204
	65
	99
	40

	7
	12,2
	244
	81
	103
	60


Over the Iu-cs interface, a RAB is defined with one "RAB subflow" per class. On the radio, the channel coding scheme, i.e. the importance of the redundancy, is different for each class.

This is specified in TS 34.108 [3] and below is an extract from this specification showing a channel coding of 1/3 for class A and B bits, and 2/3 for class B bits. 

6.10.2.4.1.4.1.1.1Transport channel parameters for Conversational / speech / UL:12.2 kbps / CS RAB

	Higher

layer
	RAB/Signalling RB
	RAB subflow #1
	RAB subflow #2
	RAB subflow #3

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	TM
	TM
	TM

	
	Payload sizes, bit
	39, 81

(alt. 0, 39, 81)
	103
	60

	
	Max data rate, bps
	12200

	
	TrD PDU header, bit
	0

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH
	DCH
	DCH

	
	TB sizes, bit
	39, 81

(alt. 0, 39, 81)
	103
	60

	
	TFS
	TF0, bits
	0x81(alt. 1x0) (note)
	0x103
	0x60

	
	
	TF1, bits
	1x39
	1x103
	1x60

	
	
	TF2, bits
	1x81
	N/A
	N/A

	
	TTI, ms
	20
	20
	20

	
	Coding type
	CC 1/3
	CC 1/3
	CC 1/2

	
	CRC, bit
	12
	N/A
	N/A

	
	Max number of bits/TTI after channel coding
	303
	333
	136

	
	Uplink: Max number of bits/radio frame before rate matching
	152
	167
	68

	
	RM attribute
	180-220
	170-210
	215-256

	NOTE:
In case of using this alternative, CRC parity bits are to be attached to RAB subflow#1 any time since number of TrBlks are 1 even if there is no data on RAB subflow#1 (see clause 4.2.1.1 in TS 25.212).


Without Unequal Error Protection, i.e. with EEP (Equal Error Protection), all the class A, B and C bits have a channel coding of 1/3. 

Simulation results performed on the above basis are shown in the next figure for AMR 12.2 uplink and downlink for Vehicular A profile at 3 km/h and 50 km/h. 

2.1.1 Uplink - Vehicular A
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2.1.2 Downlink - Vehicular A
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In the following table is given the performance gain of UEP over EEP for AMR 12.2 service, in vehicular A environment. As indicated previously, this gain is evaluated in term of Rx Eb/No required to reach the same quality (BLER) on class A bits. As shown in this table, the performance gain of UEP over EEP is about 0.4 dB at 3 km/h and 0.6 dB at 50 km/h.

	Environment
	Speed 

(km/h)
	AMR 12.2

	
	
	Uplink

2 Rx ant
	Downlink

1 Rx ant

	Vehicular A
	3
	0.4
	0.4

	
	50
	0.4
	0.6


Table 2: Performance gain (in dB) of UEP over EEP, evaluated in term of Rx Eb/N0 required to reach a BLER = 1% on class A bits 

Monte-Carlo simulations give the corresponding capacity gain with UEP compared to EEP:
	Error protection
	Rx Eb/N0 at BLER 10e-2
	Capacity gain compared to EEP 
based on 98% of QoS criterion
	Capacity gain compared to EEP 
based on 5% of saturated Nodes B criterion

	Equal Error Protection
	7.4 dB
	-
	-

	Unequal Error Protection – default Rate Matching values
	6.8 dB (0.6 dB)
	24.9 %
	17.1 %


Table 1: Downlink - Vehicular A 50 km/h - Speech 12.2 kbps - 1 antenna

	Error protection
	Rx Eb/N0 at BLER 10e-2
	Capacity gain compared to EEP 

based on 98% of QoS criterion
	Capacity gain compared to EEP 

based on 5% of saturated Nodes B criterion

	Equal Error Protection
	6.6 dB
	-
	-

	Unequal Error Protection – default Rate Matching values
	6.2 dB

(0.4 dB)
	10.3 %
	3.1 %


Table 2: Downlink - Vehicular A 3 km/h - Speech 12.2 kbps - 1 antenna

The criteria 98% QoS is rather optimistic. The criteria 5% saturated Nodes B is rather pessimistic. The reality is in-between. With pessimistic criteria, Unequal Error Protection brings only 3.1 % capacity gain for Vehicular A 3 km/h, but 17.1 % capacity gain with Vehicular 50 km/h. 

Equivalent simulations have been performed for VoIP with:

· Robust Header Compression header using the most secured channel coding 1/3

· Class A and B bits with channel coding 1/3, class C bits with channel coding 2/3 as in CS domain

The results are shown in the next table

	Loss compared to UEP 12.2 kbps CS (in %)
	3 km/h, 4 bytes RoHC header
	50 km/h, 4 bytes RoHC header

	UEP 12.2 kbps PS


	9.58%
	10.1%

	EEP 12.2 kbps PS


	16.5%
	23.3%

	Delta EEP/UEP
	~7%
	~13%


Table 3: Loss of capacity compared to UEP 12.2 kbps CS based on "5% of saturation" criterion

It shows that even at VA 3 km/h, the capacity loss of EEP compared to UEP is 7%; it is about 13% for VA 50 km/h.
Because of RoHC header (4 bytes in the simulation), a loss of about 10% capacity compared to CS voice is also shown.

Assuming that about 70-80% of the cost of a mobile network is the radio network, the conclusion is that UEP brings significant costs savings.  
3 Proposal

It is proposed to include the section 2 in the appropriate section of the Technical Report.
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