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1.
Introduction
For the L2 enhancement WI, followings were agreed for the HSPA Evolution.

- RLC: The RLC AM protocol is evolved into supporting flexible PDU sizes

- MAC: The MAC-hs protocol is evolved into supporting RLC PDU segmentation.      

And in last Sorrento meeting, [2] was presented. The document showed possible mechanisms for the MAC-hs header optimization. Though the document mainly discussed for the case of VoIMS, the principle can be generally used.
In this document, we discuss the MAC-hs header optimization method.

2.
Discussion
2.1 Transport Block with current MAC-hs Format
Following is copied from section 7.4.22.2.1.1.1 of TS 25.993
7.4.22.2.1.1.1
MAC-d flow parameters for conversational / unknown DL:[max bit rate depending on UE category & RAB maximum bit rate] / PS RAB

	Higher

Layer
	RAB/Signalling RB
	RAB

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	UM

	
	Payload sizes, bit
	104, 136, 152, 168, 184, 216, 288, 336(alt 328)

	
	Max data rate, bps
	depends on UE category

NOTE1

	
	UMD PDU header, bit
	8

	MAC
	MAC-d header, bit 
	0

	
	MAC multiplexing
	N/A

	
	MAC-d PDU size, bit
	112 , 144, 160, 176, 192, 224, 296, 344(alt 336)

	
	MAC-hs header fixed part, bit
	21

	Layer 1


	TrCH type
	HS-DSCH

	
	TTI
	2 ms

	
	Coding type
	TC

	
	CRC, bit
	24


NOTE1:
The peak throughput may be limited by the maximum number of MAC-d PDUs that can be included in a single MAC-hs PDU (see [25.321]).

And following table is copied from Annex of TS 25.321 for HS-DSCH Transport Block Size Table for FDD..
	Index
	TB Size
	Index
	TB Size
	Index
	TB Size

	1
	137
	86
	1380
	171
	6324

	2
	149
	87
	1405
	172
	6438

	3
	161
	88
	1430
	173
	6554

	4
	173
	89
	1456
	174
	6673

	5
	185
	90
	1483
	175
	6793

	6
	197
	91
	1509
	176
	6916

	7
	209
	92
	1537
	177
	7041

	8
	221
	93
	1564
	178
	7168

	9
	233
	94
	1593
	179
	7298

	10
	245
	95
	1621
	180
	7430

	11
	257
	96
	1651
	181
	7564

	12
	269
	97
	1681
	182
	7700

	13
	281
	98
	1711
	183
	7840

	14
	293
	99
	1742
	184
	7981

	15
	305
	100
	1773
	185
	8125

	16
	317
	101
	1805
	186
	8272

	17
	329
	102
	1838
	187
	8422

	18
	341
	103
	1871
	188
	8574

	19
	353
	104
	1905
	189
	8729

	20
	365
	105
	1939
	190
	8886


Based on these two tables, following calculation can be made.
	
	SID-WB & NB
	NB 4.75 kbps
	NB 5.90 kbps
	WB 6.60 kbps
	NB 7.40 kbps
	WB 8.85 kbps
	WB 12.65 kbps
	Larger

	RLC PDU Size
	104
	136
	152
	168
	184
	216
	288
	336

	Mac-d PDU size
	112
	144
	160
	176
	192
	224
	296
	344

	Mac-hs PDU size ( 21 bit header)
	133
	165
	181
	197
	213
	245
	317
	365

	Used TB size Index (21 bit header)
	1
	4
	5
	6
	8
	10
	16
	20


Table 1: Used TB size Index for each packet size 
2.2 Comparison with MAC-hs Header change
In [3], several schemes were shown. They can be thought as adjusting MAC-hs header field based on the channel id or Queue id. This can be called as flexible MAC-hs header. As examples, MAC-hs header optimized for IMS is shown in figure 1 and 2. 
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Figure 1: Possible MAC-hs header structure for IMS only (W/O process reservation) 
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Figure 2: Possible MAC-hs header structure for IMS only (W/ process reservation) 
Based on formats shown above, calculation in the following table can be done.
	
	SID-WB & NB
	NB 4.75 kbps
	NB 5.90 kbps
	WB 6.60 kbps
	NB 7.40 kbps
	WB 8.85 kbps
	WB 12.65 kbps
	Larger

	RLC PDU Size
	104
	136
	152
	168
	184
	216
	288
	336

	Mac-d PDU size
	112
	144
	160
	176
	192
	224
	296
	344

	Mac-hs PDU size with 21 bit header
	133
	165
	181
	197
	213
	245
	317
	365

	Mac-hs PDU size with 9 bit header
	121
	153
	169
	185
	201
	233
	305
	353

	Mac-hs PDU size with 4 bit header
	116
	148
	164
	180
	196
	228
	300
	348

	Used TB size Index with 21 bit header
	1
	4
	5
	6
	8
	10
	16
	20

	Used TB size Index with 9 bit header (Gain compared 21 bit header)
	1
	3 (7%)
	4 (7%)
	5 (6%)
	7 (6%)
	9 (5%)
	15 (4%)
	19 (3%)

	Used TB size Index with 4 bit header (Gain compared 21 bit header)
	1
	2 (13%)
	4 (7%)
	5 (6%)
	6 (10%)
	9 (5%)
	15 (4%)
	19 (3%)


Table 2: Used TB size Index with changes in MAC-hs Header 
In the table 2, the gain of optimized MAC-hs header is highlighted in yellow. When the MAC-hs header is optimized, smaller TB size can be used for the same amount of traffic. Smaller TB size means lower cell power, lower interference, higher SNR or more supportable users.
2.3 Further Application of Flexible MAC-hs Header
Each radio bearer has distinctive characteristic. For example, packet for IMS is generated periodically and its size belongs to finite set. Furthermore, characteristic of data on each RB is known in RNC. For example, Rel-6 RNC may not blindly decide whether to use 7 bit LI or 15 bit LI for one RLC entity. Accordingly, UTRAN can decide optimal combination of fields and sizes in the MAC-hs header.
Firstly, following figure is copied from [1] for possible MAC-hs header for L2 enhancement.
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Figure 3: Possible MAC-hs header structure in enhanced L2 operation from [2]
With figure 3 as baseline, following figure 4 shows the difference between flexible and fixed field size. In figure 4, multiplexing of three logical channels is shown. Logical channel 1 can be VoIP, logical channel 2 can be I/B and logical channel 3 can be streaming service. So each field in the header is adjusted to the characteristic of each logical channel. 
In fact, if RLC entity 1 is configured to use 15 bit LI and RLC entity 2 is configured to use 7 bit LI, it may be weird to use same size of “Length” field in the MAC-hs header for both channels. Defining size of each field per logical channel seems to be natural.
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Figure 4: General MAC-hs header structure with fixed size field (left) and flexible size field (right) 
As shown in figure 4, if size and field in the MAC-hs are decided per logical channel, the size of header can be further reduced. This means that more data can be included in the MAC-hs payload if the used transport block size is same. And in some case, the smaller transport block size can be used to transport same amount of user data.
In the right figure 4, SID and N field is used for logical channel 1. Instead, smaller size length field can be used and some fields can be omitted. This will also help to reduce MAC-hs header size. Furthermore, if padding is not necessary in the MAC-hs header, the gain will be much bigger.
3.
Conclusion
New MAC-hs format for L2 enhancement should not be limited to some high data rate services only. Until now, format of MAC PDU has been defined considering the possibility of RB multiplexing. In fact, it can not be assumed that high data-rate PS service will be always transmitted without multiplexing. 
For MAC-hs in REL-7, it is proposed to agree that: 
· Flexible MAC-hs header is used for Rel-7.
· The used field and size of each field in the MAC-hs header is adjustable per logical channel.
· A separate MAC-hs format for VoIP is defined.

4.
Reference
[1] R2-063299, Further considerations on L2 enhancements, Nokia, Ericsson

[2] R2-070257, MAC-hs Format for VoIP Support, LG Electronics Inc.
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