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New header structure to carry small LLC frame
1 Introduction

With HUGE and RED HOT supported, the new biggest RLC/MAC block becomes at most two times bigger than today. Currently, an MCS-9 RLC/MAC block can carry 148 information octets, while the biggest RLC/MAC block with 32-QAM and HSR supported will carry 296 information octets. When the LLC frame is not as big as that, a lot of LLC frames will be multiplexed into such a RLC/MAC block. 
This will result in two drawbacks. Firstly, if there are not so many LLC frames available, some space in the RLC/MAC block will be wasted, causing bad channel efficiency in the end. Secondly, if there are enough LLC frames but the RLC entity has to wait for them, a long packetization delay will be introduced [1]. 
Obviously, it would be much better if the RLC/MAC block is not that big when compared with the LLC frame size. This paper addresses this problem, and outlines some possible solutions. 
2 Requirements
The small LLC frame could be an AMR frame, small instant message, upper layer feedback message etc. All these frames or messages have the common requirement that their latency should be as short as possible. The packetization delay is given as below taking an AMR frame as an example. 
2.1 AMR frame

Similarly as shown in [1], the packetization delay of HCS-7/8/9 is:
Figure 1: Packetization delay of HCS-7/8/9

	
	AMR

	
	4.75
	5.9
	7.95
	12.2

	HCS -7
	180
	160
	140
	120

	HCS -8
	220
	200
	180
	140

	HCS -9
	240
	220
	180
	140


This delay is too big to be accepted for a VoIP service, implying it is impossible for HCS-7/8/9 to be used in a VoIP service even when it is permitted by the radio conditions. 
2.2 Upper layer feedback messages
When data is transmitted in one direction, there will be a lot of feedback messages from the upper layers to prevent the transmit window from stalling. For services such as HTTP, FTP or Email, when several packets or objects have been transmitted, the transmitter will not send any new packets to the receiver before a feedback message is received from the receiver. 
When the radio conditions are good, i.e. when a low redundancy code can be used, such a feedback message (LLC PDU) will often not completely fill the payload part of the RLC/MAC block. If there is no other LLC PDU for the TBF, spare bits will be used to fill the RLC/MAC block and channel bandwidth will be wasted. 
2.3 Instant messages
Services supporting instant messages (MSN, ICQ etc.) are currently widely used in internet.and will probably also become popular in future GERAN networks. 
Many functions are supported by these services, such as short text messages, voice, small video clips, file transfers, and games. Packets of short text messages, voice and games are usually very small. If these types of services are used simultaneously, several TBFs need to be established for one MS.
According to the current specification (TS 44.060), an RLC/MAC block can only contain data for one TBF. According to the two drawbacks mentioned in chapter 1, this is inflexible, especially when HUGE and RED HOT are supported. 
3 RLC/MAC header design

To avoid the two drawbacks with wasted bandwidth or long packetization delays mentioned in chapter 1, an RLC/MAC block containing data from more than one TBF, possibly with different quality of service requirements, could be constructed. 
With for instance one RLC/MAC block carrying 1 to 4 TBFs, more TFI fields are needed in the RLC/MAC header. The number of TFI fields depends on the number of TBFs carried by the block.
With 4 TBFs, at most 4 TFI fields are needed, but the more TFI fields there are, the bigger the RLC/MAC header will be. So, the number of TFI fields in the header should be a tradeoff between the advantages obtained and the overhead in the header. 
Table 1 RLC/MAC header for 2 TBFs

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI1
	2

	BSN1
	3

	BSN2
	BSN1
	4

	TFI2
	BSN2
	5

	BSN1
	6

	BSN2
	BSN1
	7

	CPS
	BSN 2
	8

	Spare
	CPS
	9


Table 2 RLC/MAC header for 4 TBFs

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI1
	2

	BSN1
	3

	BSN1
	TFI2
	BSN1
	4

	BSN1
	5

	BSN1
	TFI3
	BSN1
	6

	BSN1
	7

	BSN1
	TFI4
	BSN1
	8

	BSN1
	9

	CPS
	BSN 1
	10

	Spare
	CPS
	11


Table 1 and Table 2 show example headers for a 2 TBF and a 4 TBF RLC/MAC data block, respectively. TFI and BSN(s) in the same color belong to the same TBF, and of course, different TFIs could have the same value. Fields such as ES/P, RRBP and PR related to the original TBF, could be combined with one of the TFI fields in the new header, e.g. the first TFI. Several copies of these fields could also be added to the new header if it is believed that every TBF must have one. 
If two TFI fields are introduced, 6 additional bits are needed, and if 4 TFI fields are required, 18 additional bits are needed. In order to not extend the header size too much, it is believed that two TFI fields could be sufficient. Different sizes of RLC/MAC headers with another TFI field are shown in Table 3. 
Table 3 RLC/MAC header sizes
	MCS
	Uncoded header size (excluding USF)

(BSN+CPS+other+spare=total)

	
	Downlink
	Uplink

	
	original
	new
	original
	new

	1-4
	11+4+13+0=28
	no change
	11+4+15+1=31
	no change

	5-6
	11+3+11+0=25
	no change
	11+3+13+10=37
	no change

	7-9
	21+5+11+0=37
	no change
	21+5+13+7=46
	no change

	10-12
	31+6+11+2=50
	32+6+16+2=56
	31+6+13+8=58
	32+6+18+8=64

	13-16
	41+8+11+2=62
	42+8+16+2=68
	41+8+13+8=70
	42+8+18+8=76


As shown in Table 3, the RLC/MAC headers become about 10% bigger than before. 

We propose to introduce these new headers in the downlink direction for HUGE and (or) RED HOT.  For uplink a similar type of header could be constructed. 
4 Conclusion

This paper addresses the problem with wasted space in a radio block when only a few small LLC frames are to be transmitted within a short time period. It is proposed that when introducing HUGE and (or) RED HOT a new RLC/MAC header with more than one TFI field is considered. The RLC/MAC block with this new header should be able to carry RLC data blocks from different TBFs, concurrently. 
In the uplink direction, the different TBFs contained within one RLC/MAC block can only belong to one MS, and the MS has to support multiple TBFs in such a case. 

In the downlink direction, the TBFs could in theory belong to different MSs, but in this case problems will arise with PC (Power Control) and LQC (Link Quality Control).
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