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1 Introduction

Voice codec like AMR and WB-AMR produces packets regularly with predefined sizes, which is contained in a TB to be carried over the radio channel. Usually only one voice packet is transmitted over a TB. Hence it is vital to have TB sizes matched with the VoIP packet sizes efficiently.

In this contribution following two points are discussed;  
· Whether typical VoIP packet size matches well with TB sizes supported in SPS 

· Whether matched TB sizes provides sufficient scheduling flexibility
The discussion mainly focuses on SPS because it has further restrictions comparing to dynamic scheduling (e.g. only QPSK is allowed hence ITBS cannot be assigned with greater than 10) and VoIP would mostly be carried over SPS.
2 Discussion
For a given code rate, fixed size voice frame is produced. However due to various factors in packetizing, the resulting packet size could be a bit different.  
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The difference comes mainly from following two factors;

· Encapsulation mode; i.e. BE(Bandwidth Efficient) mode or OA(Octet Aligned) mode

· For some codec rates, OA mode produces packets that are one byte larger than produced by BE mode.

· ROHC operation dependant variation

· IR packets are transmitted at the beginning of the call.

· From then on, usually UOR type 0 packets are transmitted.

· The size of type 0 header is 1 byte if UDP checksum is off and 3 byte if UDP checksum is on.

· Upon transition from talk spurt to silent period or vice versa, packets with slightly bigger size than type 0 packets are produced. It is to update M field and Time stamp related parameters.
Following four cases need to be examined to see whether the current TB sizes are sufficiently matching assuming that SPS resource is usually allocated to carry type 0 packets,.
· Scenario 1: BE mode with UDP checksum off

· Scenario 2: BE mode with UDP checksum on
· Scenario 3: OA mode with UDP checksum off
· Scenario 4: OA mode with UDP checksum on

Below is the analysis on the scenario 2. Both AMR and WB-AMR are considered. The details of other scenarios are given in the Annex.
<Table 1> 

	frame type

(codec rate)
	Before IP/UDP/RTP
	After ROHC
	d) L2 hdr
	required MAC PDU size = a + b + c + d

	
	payload hdr and ToC
	Speech frame
	a) RTP payload
	b) ROHC UOR-0 hdr
	c) UDP checksum
	
	

	SID
	10
	39
	56
	8
	16
	24
	104

	4.75
	10
	95
	112
	8
	16
	24
	160

	5.15
	10
	103
	120
	8
	16
	24
	168

	5.9
	10
	118
	128
	8
	16
	24
	176

	6.7
	10
	134
	144
	8
	16
	24
	192

	7.4
	10
	148
	160
	8
	16
	24
	208

	7.95
	10
	159
	176
	8
	16
	24
	224

	10.2
	10
	204
	216
	8
	16
	24
	264

	12.2
	10
	244
	256
	8
	16
	24
	304

	6.6
	10
	132
	144
	8
	16
	24
	192

	8.85
	10
	177
	192
	8
	16
	24
	240

	12.65
	10
	253
	264
	8
	16
	24
	312

	14.25
	10
	285
	296
	8
	16
	24
	344

	15.85
	10
	317
	328
	8
	16
	24
	376

	18.25
	10
	365
	376
	8
	16
	24
	424

	19.85
	10
	397
	408
	8
	16
	24
	456

	23.05
	10
	461
	472
	8
	16
	24
	520

	23.85
	10
	477
	488
	8
	16
	24
	536


If the TB size exactly matches with the required one (i.e. no room for other information), voice packets may be continuously segmented due to regular scheduling information like BSR/PHR. Hence the TB size would be better to be 2 or 3 byte larger. Below listed are the possible TB size per codec rate that are at least two byte larger than the required TB size.
<Table 2>
	Frame type
	Required TB size
	Matched TB size
	Margin
	Frame type
	Required TB size
	Matched TB size
	Margin

	SID
	104
	120
	16
	6.6
	192
	208
	16

	4.75
	160
	176
	16
	8.85
	240
	256
	16

	5.15
	168
	208
	40
	12.65
	312
	328
	16

	5.9
	176
	208
	32
	14.25
	344
	376
	32

	6.7
	192
	208
	16
	15.85
	376
	392
	16

	7.4
	208
	224
	16
	18.25
	424
	440
	16

	7.95
	224
	256
	32
	19.85
	456
	472
	16

	10.2
	264
	296
	32
	23.05
	520
	536
	16

	12.2
	304
	328
	24
	23.85
	536
	552
	16


TB sizes match relatively well. At least for important codec rates like 12.2 kbps, 7.95 kbps, 12.65 kbps etc, margin seems to be in the acceptable range (e.g. at most 16 bit padding when a short BSR multiplexed).
Then the question is whether scheduling flexibility is sufficiently provided for each TB size. For example, a TB size of 536 bit can be allocated only with 4 RBs, while a TB size of 328 bit can be allocated with any of 1 RB, 2 RBs, 3 RBs, 4 RBs, 5 RBs, 6 RBs, 8 RBs or 9 RBs. One can say the former does not provide enough scheduling flexibility while the latter does.
Table 3 shows for each matched TB size, the corresponding cases and effective coding rates (assuming 12 symbols for data region per subframe & QPSK). If the effective coding rate is above 1, it is not counted because it cannot be used for SPS. If NPRB is above 9, it is not counted because it is not suitable for SPS. 

<Table 3>
	TB size
	Cases
	Scheduling occasions
	[ Effective coding rates, NRB]

	120
	SID
	3
	[0.42, 1], [0.21, 2], [0.08, 5]

	176
	4.75
	6
	[0.61, 1], [0.31, 2], [0.20, 3], [0.15, 4], [0.12, 5], [0.09, 7]

	208
	5.15, 5.9, 6.7, 6.6
	6
	[0.72, 1], [0.24, 3], [0.18,4], [0.14, 5], [0.12, 6], [0.09, 8]

	224
	7.4
	5
	[0.78, 1], [0.39, 2], [0.26, 3], [0.11, 7], [0.09, 9]

	256
	7.95, 8.85
	7
	[0.89, 1], [0.44, 2], ,[0.30, 3], [0.22, 4], [0.18, 5], [0.15, 6], [0.11, 8]

	296
	10.2
	2
	[0.51, 2], [0.15, 7]

	328
	12.2, 12.65
	7
	[0.57, 2], [0.38, 3], [0.28, 4], [0.23, 5], [0.19, 6], [0.14, 8], [0.13, 9]

	376
	14.25
	2
	[0.65, 2], [0.15, 9]

	392
	15.85
	3
	[0.45, 3], [0.34, 4], [0.19, 7]

	440
	18.25
	2
	[0.76, 2], [0.19, 8]

	472
	19.85
	1
	[0.41, 4]

	536
	23.05
	1
	[0.47, 4]

	552
	23.85
	2
	[0.96, 2], [0.24, 8]

	Note: Scheduling Occasion denotesthe number of possible [NRB, ITBS] combinations for a given TB size


Table 4 shows the analysis extended to all of 4 scenarios

<Table 4> 
	Matched TB size
	# of Cases
	Case Description (Scenario, codec rate)
	Scheduling Occasions
	[ Effective coding rates, NRB]

	104
	2
	(SC1, SID), (SC3, SID)
	2
	[0.36, 1], [0.18, 2]

	120
	2
	(SC2, SID), (SC4, SID)
	3
	[0.42, 1], [0.21, 2] , [0.08, 5]

	176
	7
	(SC1, 4.75), (SC3, 4.75) , (SC1, 5.15), (SC3, 5.15), (SC1, 5.9), (SC2, 4.75), (SC4, 4.75)
	6
	…

	208
	12
	(SC2, 5.15), (SC3, 5.9), (SC4, 5.15), (SC1, 6.7), (SC1, 6.6), (SC2, 5.9), (SC3, 6.7), (SC3, 6.6), (SC4, 5.9), (SC1, 7.4), (SC2, 6.7), (SC2, 6.6)
	6
	…

	224
	6
	(SC3, 7.4), (SC4, 6.7), (SC4, 6.6), (SC1,7.95), (SC2, 7.4), (SC3, 7.95)
	5
	…

	256
	6
	(SC4, 7.4), (SC1, 8.85), (SC2, 7.95), (SC4, 7.95), (SC3, 8.85), (SC2, 8.85)
	7
	…

	280
	4
	(SC1, 10.2), (SC4, 8.85), (SC3, 10.2), (SC2, 10.2)
	1
	[0.97, 1]

	296
	1
	(SC4, 10.2)
	2
	[0.51, 2], [0.15, 7]

	328
	8
	(SC1, 12.2), (SC1, 12.65), (SC1, 12.65), (SC3, 12.2), (SC2, 12.2), (SC3, 12.65), (SC2, 12.65), (SC4, 12.2)
	7
	…

	336
	1
	(SC4, 12.65)
	0
	None

	344
	1
	(SC1, 14.25)
	0
	None

	376
	4
	(SC3, 14.25), (SC2, 14.25), (SC4, 14.25), (SC1, 15.85)
	2
	[0.65, 2], [0.15, 9]

	392
	2
	(SC3, 15.85), (SC2, 15.85)
	3
	…

	408
	1
	(SC4, 15.85)
	1
	[0.24, 6]

	424
	1
	(SC1, 18.25)
	1
	[0.29, 5]

	440
	3
	(SC3,18.25), (SC2, 18.25), (SC4, 1825)
	2
	[0.76, 2], [0.19, 8]

	456
	1
	(SC1, 19.85)
	1
	[0.53, 3]

	472
	2
	(SC3, 19.85), (SC2, 19.85)
	1
	[0.41, 4]

	488
	1
	(SC4, 19.85)
	2
	[0.85, 2], [0.24, 7]

	520
	1
	(SC1, 23.05)
	0
	None

	536
	3
	(SC1, 23.05), (SC1, 23.85), (SC2, 23.05)
	1
	[0.47, 4]

	552
	3
	(SC3, 23.85), (SC4, 23.05), (SC2, 23.85)
	2
	[0.96, 2], [0.24, 8]

	568
	1
	(SC4, 23.85)
	0
	None


Followings are observed from the table 4.

· There are considerable imbalances in terms of scheduling flexibility between TB sizes. For example, 256 bit TB size has 7 scheduling choices; (effective coding rate, NRB) ) = (0.89, 1) , (0.44, 2), (0.30, 3), (0.22, 4), (0.18, 5), (0.15, 6), (0.11, 8). On the other hand, 280 bit TB size has a single scheduling choice which is (0.97, 1). 

· The imbalance may cause problem in supporting certain codec rate.

· 10.2 kbps codec rate requires either 280 bit or 296 bit for the TB size depending on scenario. Both TB sizes have limited scheduling flexibility. 

· SPS is not supported at all for some of WB-AMR codec rates; 12.65 kbps of Scenario 4, 14.25 kbps of Scenario 1, 23.05 kbps of Scenario 1 highlighted with yellow in the table. 

· For codec rates above 12.2 kbps (12.65 ~ 23.85), all the codec rates have rather limited scheduling flexibility. Mostly only one or two scheduling choice per TB size is defined. Considering that it would be better to have more than 2 options with sufficient separation in the moderate rate range (e.g. 0.4 ~ 0.8), one can say WB-AMR is not supported very well.
3 Conclusion
We observe that the current TB sizes and corresponding scheduling flexibility are not working very well for SPS especially in case of WB-AMR. It is proposed to discuss whether the problem should be solved or not.
Annex. Required TB sizes of Scenario 2, 3 and 4
< Table5: Required TB size; Scenario 2, BE mode and UDP checksum on>

	frame type
	payload hdr and ToC
	Speech frame
	RTP payload
	ROHC UOR-0 hdr
	UDP checksum
	L2 hdr
	MAC PDU size (bit)

	SID
	10
	39
	56
	8
	16
	24
	104

	4.75 
	10
	95
	112
	8
	16
	24
	160

	5.15 
	10
	103
	120
	8
	16
	24
	168

	5.9 
	10
	118
	128
	8
	16
	24
	176

	6.7 
	10
	134
	144
	8
	16
	24
	192

	7.4 
	10
	148
	160
	8
	16
	24
	208

	7.95 
	10
	159
	176
	8
	16
	24
	224

	10.2 
	10
	204
	216
	8
	16
	24
	264

	12.2 
	10
	244
	256
	8
	16
	24
	304

	6.6
	10
	132
	144
	8
	16
	24
	192

	8.85
	10
	177
	192
	8
	16
	24
	240

	12.65
	10
	253
	264
	8
	16
	24
	312

	14.25
	10
	285
	296
	8
	16
	24
	344

	15.85
	10
	317
	328
	8
	16
	24
	376

	18.25
	10
	365
	376
	8
	16
	24
	424

	19.85
	10
	397
	408
	8
	16
	24
	456

	23.05
	10
	461
	472
	8
	16
	24
	520

	23.85
	10
	477
	488
	8
	16
	24
	536


< Table6: Required TB size; OA mode and UDP checksum off>
	frame type
	payload hdr and ToC
	Speech frame
	RTP payload
	ROHC UOR-0 hdr
	UDP checksum
	L2 hdr
	MAC PDU size

	SID
	16
	40
	56
	8
	0
	24
	88

	4.75
	16
	96
	112
	8
	0
	24
	144

	5.15
	16
	104
	120
	8
	0
	24
	152

	5.9
	16
	120
	136
	8
	0
	24
	168

	6.7
	16
	136
	152
	8
	0
	24
	184

	7.4
	16
	152
	168
	8
	0
	24
	200

	7.95
	16
	160
	176
	8
	0
	24
	208

	10.2
	16
	208
	224
	8
	0
	24
	256

	12.2
	16
	248
	264
	8
	0
	24
	296

	6.6
	16
	136
	152
	8
	0
	24
	184

	8.85
	16
	184
	200
	8
	0
	24
	232

	12.65
	16
	256
	272
	8
	0
	24
	304

	14.25
	16
	288
	304
	8
	0
	24
	336

	15.85
	16
	320
	336
	8
	0
	24
	368

	18.25
	16
	368
	384
	8
	0
	24
	416

	19.85
	16
	400
	416
	8
	0
	24
	448

	23.05
	16
	464
	480
	8
	0
	24
	512

	23.85
	16
	480
	496
	8
	0
	24
	528


< Table5: Required TB size; Scenario 4, OA mode and UDP checksum on>

	frame type
	payload hdr and ToC
	Speech frame
	RTP payload
	ROHC UOR-0 hdr
	UDP checksum
	L2 hdr
	MAC PDU size

	SID
	16
	40
	56
	8
	16
	24
	104

	4.75
	16
	96
	112
	8
	16
	24
	160

	5.15
	16
	104
	120
	8
	16
	24
	168

	5.9
	16
	120
	136
	8
	16
	24
	184

	6.7
	16
	136
	152
	8
	16
	24
	200

	7.4
	16
	152
	168
	8
	16
	24
	216

	7.95
	16
	160
	176
	8
	16
	24
	224

	10.2
	16
	208
	224
	8
	16
	24
	272

	12.2
	16
	248
	264
	8
	16
	24
	312

	6.6
	16
	136
	152
	8
	16
	24
	200

	8.85
	16
	184
	200
	8
	16
	24
	248

	12.65
	16
	256
	272
	8
	16
	24
	320

	14.25
	16
	288
	304
	8
	16
	24
	352

	15.85
	16
	320
	336
	8
	16
	24
	384

	18.25
	16
	368
	384
	8
	16
	24
	432

	19.85
	16
	400
	416
	8
	16
	24
	464

	23.05
	16
	464
	480
	8
	16
	24
	528

	23.85
	16
	480
	496
	8
	16
	24
	544
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