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Solutions to Reduce the SSN Length
1 Introduction

There are two different approaches defining a short Ack/Nack report so far, namely the event based solution and the time based solution. The event based solution is based on asynchronous reporting, including sequence numbers, and the short bitmap will be sent when an error is detected. These two solutions can be found in [1] and [2]. 

As suggested in [2], the time based solution may be suitable for the DL, while the event based solution may be suitable for the UL. In the DL, an independently coded bitmap could carry multicast information for all the mobile stations monitoring the timeslots where the radio block containing the bitmap is sent. In the UL, an SSN based solution would probably imply a lower bandwidth utilization, as described in [3]. 

In EGPRS, the size of SSN is 11 bits, which is too big for a 20 bits bitmap. It is also suggested in [2] that the length of SSN should be reduced. Furthermore, there are no spare bits in the downlink RLC/MAC headers, so it is difficult to support some new features which need indicators in the RLC/MAC header, e.g. FANR. 

This document discusses on solutions to reduce the SSN length, and aims to support the event based solution in the UL. Moreover, after the BSN is reduced in the RLC/MAC headers, the spare bits obtained can be used to carry indicators for new features.
2 Description

The SSN length is determined by the Sequence Number Space (SNS), which should be no less than 2WS. Therefore, SNS equals 2048 in EGPRS, and 128 in GPRS, while WS equals 64 to 1024 in EGPRS, and 64 in GPRS. 

In order to reduce the SSN length, the window size must be reduced first. The window size is valued according to the number of timeslots allocated. See more information in 3GPP TS 44.060 Annex I. 

For each network, the round-trip delay has a direct implication on the performance, hence on the definition of the minimum window sizes. If RTTI and FANR are supported in the future GERAN network, the round-trip time (RTT) will be reduced a lot. To support RTTI, two PDCHs are combined to support 10ms TTI, and as a result, the maximum combined timeslot number is equivalent to four. 

The RLC window size needs to cope with the maximum amount of outstanding RLC data blocks within RLC roundtrip time. Otherwise, too small a window starts to limit the peak throughput. This amount is given as follows when N carriers, M timeslots and two RLC data blocks per radio block (10ms) are used:
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According to [4], a RTT of 70ms can be obtained for 10ms TTI, and for VoIP service, the required delay for satisfied users is less than 300 ms, so a maximum value of RTT should be no more than 125ms. If dual-carrier is supported, N should be equal to two, otherwise it should be one. 

In order to not limit the peak throughput, a minimum RLC window size as below may be needed: 

	Timeslots allocated
	2
	4
	6
	8
	10

	12
	14
	16

	WS (RTT=70ms)
	14
	28
	42
	56
	70
	84
	98
	112

	WS (RTT=130ms)
	26
	52
	78
	104
	130
	156
	182
	208


As showed in the table above, a WS far less than 1024 is quite possible. After the WS is obtained, the SSN length can also be obtained according to the WS. Moreover, when a small SSN length is more important, it can be obtained by reducing the window size. A simple relationship is introduced as below: 

	WS
	64
	65~128
	129~256
	257~512
	513~1024

	SSN length
	7
	8
	9
	10
	11


The sender and the receiver must use the same SSN length in a TBF, so it would be necessary for the network to tell the MS what SSN length should be used during this TBF. It can be done by including a SSN length in the assignment message explicitly, or the MS and the network calculate the SSN length according to the WS as the table shown above.

3 Fast Ack/Nack Reporting
For FANR in the UL, the event based solution may be used. With the SSN length reduced, the event based solution defined in [5] can be optimized. More space can be drawn to cover more RLC blocks. For example, if a SSN length of 7 bits is used, then four more blocks can be covered by one 3-byte bitmap.

	Field
	Size
	Usage

	Address
	0-3 bits
	TBF of the Ack/Nack information (identified by TFI). The size is a function of the number of active TBFs for the user.

	BSN_NACK
	7 bits
	BSN of a radio block that has not been correctly received.

	BSN_MAP
	10-13 bits
	Ack/Nack bitmap of the block sequence numbers following BSN_NACK

	Extension bit
	1 bit
	0: Report is complete, 1: A new Ack/Nack segment follows, using the same format.

	CRC
	3 bits
	CRC covering the 3 byte segment


4 RLC/MAC headers

With the SSN length reduced, some spare bits can also be obtained in the RLC/MAC headers, and these spare bits are very useful to carry some additional information. For example, 1 bit can be used to indicate whether a short Ack/Nack bitmap is included or not. 

With an 8-bit-length SSN, the downlink RLC/MAC header type 2 will be as below:

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	Spare
	BSN1
	3

	
	CPS
	Spare
	4


5 Conclusion

This contribution has discussed solutions to reduce the SSN length, and the SSN length is determined by Sequence Number Space (SNS). The SNS should be no less than 2WS, so when WS gets smaller, it is possible to reduce the SSN length. 

The SSN length used in a TBF could be sent to the MS when the TBF is established, or if no SSN length information is provided in the assignment message, the network and the MS could calculate the SSN length according to the WS. 

With a reduced SSN length, more RLC data blocks can be reported in an event based short Ack/Nack bitmap, and some spare bits obtained in the RLC/MAC headers, would be very useful for GERAN Evolution. It is proposed to include this document in the feasibility study report.
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� These data in yellow are used only when dual carrier is supported. 
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