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1.
Introduction
For HSDPA, the TSN length is 6 bits long. At the last meeting, it was proposed to use a combination of the reception time-stamp, the number of re-transmissions and a 6 bit TSN as a means of re-ordering the data (see [1]). At the time, it was agreed to support the transmission from the Node B to the SRNC of the time-stamp for the first and last transmission, but there was no agreement on the actual length of the TSN field.
In this document we are analyzing the need for a TSN and make a proposal for the length.
2.
Re-ordering based on timing of first transmission
Although HARQ could result in out-of-sequence delivery because of varying number of re-transmissions of each packet, the first transmissions of data always occur in sequence. Therefore, if one can determine the time of the first transmission for each packet, this would be a very reliable way to re-order packets.

For EUL, the HARQ scheme is synchronous and supports a two bit transmission sequence number (RSN), which is sent on the E-DPCCH. As long as one of the first four E-DPCCH transmissions is correctly received at the Node B, it will therefore be possible to determine the timing of the first transmission. If we assume a probability of error of 1e-2 for the E-DPCCH, which is probably on the high side, it will be possible to determine the timing of the first transmission with a probability of error of 1e-8, i.e. quite low.

Simply for re-ordering, it would therefore not be necessary to have a TSN at all.

3. Detection of missing PDU
The main problem with the time-only based scheme is that it does not allow to detect whether PDUs are delayed/missing or not. This implies that it is impossible to know when it is safe to deliver data to the higher layers. It is therefore necessary to have some TSN. Any break in the sequence should be understood as implying that some data is missing. 
In order to also be able to rely on this TSN to deliver data to the higher layers (if the TSNs are in-sequence), it is necessary for the TSN space to be large enough that the probability of skipping an entire cycle would be extremely small. 

The residual error rate on E-DCH is expected to be ≤1e-2. Let HARQ_NB, be the total number of HARQ processes. If we discount the maximum number of packets that could still be in the process of being re-transmitted, the worse case probability of skipping an entire cycle would be: 10-2*(TSN_SPACE – (HARQ_NB-1)).
Therefore, we would have the following probabilities:

	TTI/HARQ Processes
	TSN Length
	Error Probability

	2ms, 7 HARQ proc.
	3 bits
	1e-4

	
	4 bits
	1e-20

	10ms, 4 HARQ proc.
	3 bits
	1e-10

	
	4 bits
	1e-26


For 10ms TTI it would likely be enough to just have a 3 bit TSN value. However, if we want to maintain as much commonality as possible between the 2 and 10ms TTI, it would be preferable to use 4 bits.

4.
Proposal

In support of re-ordering, it is proposed to have, on top of the first transmission timing which will be sent from the Node-B to the SRNC, a 4 bit TSN associated with each MAC-es PDU.
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