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1. Introduction

In [1], two requirements were proposed for the control input to the EUDCH re-ordering control function in the SRNC:
1) The re-ordering function needs to be provided with sufficient timing/sequence number information in order to be able to undo any out of sequence delivery caused by HARQ (Uu) or by UTRAN internal transport delay variations (Iub/Iur).

2) The re-ordering function needs to be provided with sufficient information to enable the following triggers for delivery to higher layers:

a. Insequence delivery
Newly arrived data enables insequence delivery of information to the higher layers;

b.
Window advance

Newly arrived data advances the receiver window which makes some MAC-e data fall below the receiver window;


During the RAN2 adhoc meet in Cannes it was agreed that:

· Re-ordering entity is in a “lite” separate MAC sub-layer in UE and SRNC.

· Re-ordering is per re-ordering queue. Would then be below MAC-d

· If overhead is acceptable it is possible to instead have re-ordering on logical. Would then be just above MAC-d.

In both cases, having multiple re-ordering queues for EUDCH will be supported.


In this contribution we will discuss whether this separate layer depends on the introduction of some kind of Transmit Sequence Number (TSN) over Uu for meeting the requirements indicated above, and if so, how large this TSN would need to be.

2. First requirement: Sufficient Timing/Sequence number information

The timing/sequence number control input to the EUDCH re-ordering function at the SRNC needs to be such that it can cope with both the Uu HARQ delay variations as well as the Iub/Iur transport delay variations. Two approaches for providing the re-ordering entity in the SRNC with sufficient control information are identified:

1) One solution to come to sufficient control input for the re-ordering function in the SRNC would be to have the UE provide sufficient sequence number/timing information over Uu so that any out of sequence delivery on Uu and/or Iub/Iur can be corrected. E.g. by enabling a TSN in the MAC-e PDU to cover e.g. 1 second in time, out of sequence delivery caused by HARQ and Iub/Iur delay variations can be handled. However such a solution will come at the cost of signalling additional overhead over Uu. 

2) Alternatively, the Node-B could “time-stamp” the information received over Uu. As long as the time-stamp is big enough for the re-ordering function in the SRNC to re-order any out of sequence delivery caused by Iub/Iur transport delay variations, the re-ordering control information provided over Uu only has to cover the out of sequence delivery caused by Uu HARQ operation.
The “time-stamp” information provided by the Node-B could consist of time information, but could also be some kind of sequence number or counter, like e.g. the CFN and subframe number.

In order not to load the Uu interface unnecessary, we prefer to use the second approach. 
This leads us to the following assumptions:

1) The re-ordering control information provided over Uu has to be sufficient to handle the out-of-sequence delivery over Uu, i.e. caused by parallel HARQ process transmissions.

2) The re-ordering control information provided by the Node-B has to be sufficient to handle the out-of-sequence delivery over Iub/Iur, i.e. caused by Iub/Iur delay variations.

3) In case the re-ordering control information provided by the Node-B does not cover any out-of-sequence delivery caused by HARQ, both information 1) and 2) need to be provided to the SRNC (re-ordering based on Node-B tagging + Uu numbering).

4) In case the re-ordering control information provided by the Node-B also covers any out-of-sequence delivery caused by HARQ, only the Node-B generated re-ordering control information needs to be provided to the SRNC (re-ordering based on Node-B tagging only).

An example solution complying to assumption 3) would be a solution in which the Node-B adds a (CFN, subframe number) to every MAC-e PDU received over Uu. The (CFN, subframe number) indicates when the MAC-e PDU was succesfully received. This information will enable the re-ordering function to undo any out of sequence delivery due to Iub/Iur transport delays. Then in addition to this information, the MAC-e PDU will have to contain sufficient information, e.g. a TSN, to undo any out of sequence delivery which occurred due to HARQ delay variations (comparable to the 6-bit TSN used in HSDPA).

An example of solution complying to assumption 4) was provided in ref [2]: in this solution the Node-B adds a EUDCH frame number (e.g. again a (CFN, subframe number)), however not of the subframe at which the information was succesfully received, but of the subframe when the information was first transmitted (the Node-B can calculate this based on knowing at which retransmission it was able to decode the information correctly, and due to the usage of synchronous HARQ). In this case, no other information (coming from Uu) needs to be provided for re-ordering purposes to the SRNC.

Summarising, two approaches can be distinghuished:
A) Re-ordering based on Node-B tagging only
Re-ordering only based on Node-B tagging information:

1) the UE will add a retransmission number to each MACe PDU. 
2) the retransmission number will be used by the Node-B to tag the received information with a (CFN, subframe number) corresponding to the time of the first transmission of this MACe PDU. 
3) the SRNC only receives the (CFN, subframe number) to perform the re-ordering.

This approach is only possible if we have:
· a fully synchronous HARQ scheme;

· the retransmission number tagged to each (re-)transmission is different (0,1,2,3…);

· even in case of zero power retransmissions, the retransmission number is incremented;


B) Re-ordering based on Node-B tagging + Uu numbering
Even if we have a fully synchronous approach, when the other two indicated conditions required for the previous approach are not met the Node-B will not be able to calculate the moment of first transmission, and thus not be able to provide information to undo any re-ordering over Uu. This is true if:

· several retransmissions will be using the same retransmission number (as briefly discussed during the joint RAN1/RAN2 meeting in Prague);

· the retransmission number is not incremented at every retransmission
;

In these cases, the re-ordering will have to be based on Node-B tagging + Uu numbering information:

1) the UE will add TSN to each MACe PDU in order for the SRNC to be able to undo any out of sequence delivery caused by HARQ processing.

2) the Node-B will tag the received information with a (CFN, subframe number) corresponding to the time the MACe PDU was succesfully received or moment of first transmission (see section 3.2).
3) the SRNC receives the TSN originating from the UE, as well as the (CFN, subframe number) originating from the Node-B to perform the re-ordering. 
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A gap will normally be caused by 1 HARQ process being succesfull quickly, while other HARQ processes are still performing retransmissions. 


Table 1: 
 
Worst case difference in TSN of MACe PDU’s delivered by two subsequent
                          HARQ receptions
Table 1 indicates the worst case TSN difference of MACe PDU’s delivered by two subsequent HARQ receptions. This worst case is calculated based on 1 transmission continuously failing untill the last retransmission, and all the other HARQ transmissions succeeding immediately. 

For a correct re-ordering, the TSN range should be double the max TSN difference (TSN window). Therefore it should be sufficient for re-ordering purposes to have a 6- or 7-bit TSN (depending on the detailed configuration that is decided in RAN1).

When discussing the triggers for delivery to higher layers in the next sections, we will discuss the approaches A) and B) separately.

3. Second requirement:  Triggers for delivery to higher layers

The next thing to check is whether the control information proposed for the re-ordering also enables the required triggers for forwarding information to higher layers. 


3.1. Node-B tagging only


3.1.1. Trigger: Insequence delivery

Based on the information proposed in section 3 (frame number of first transmission), it will not be possible to realise this trigger unless information was transmitted in two subsequent subframes. This is reflected in figure 1:
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Figure 1: User plan flow example only based on Node-B tagging

In figure 1, there is no possibility for the SRNC to know whether the transmission which started at CFN=15 is subsequent to the transmission at CFN=5, or whether other transmissions are still outstanding (handled by HARQ processes or delayed on Iub/Iur). As a result, the re-ordering entity would have to delay the data provided in CFN15 with the maximum HARQ delay and the maximum Iub/Iur delay variation, in order to be sure that it has received all MAC-e PDU’s that have to be delivered to the higher layers before the MAC-e PDU with CFN15 can be delivered. Effectively this means that in such a solution we only have one re-ordering queue.
Let’s look at an example:

· a service is mapped to EUDCH which is providing a frame normally every 20ms.
· HARQ is configured with a 2ms TTI, 5 processes, and a 1% BLER remaining after 2 retransmissions. Since a low BLER Is required, up to max 6 retransmissions are allowed. 
· due to the absence of an insequency delivery trigger, instead of having a 99% UTRAN delay of (22ms + average Iub/Iur delay), now all data will obtain a delay of (62ms + worst case Iub/Iur delay).
Thus a solution based on Node-B tagging-only misses two important aspects:

- it fails to implement the in-sequence delivery trigger;


- it effectively only supports one re-ordering queue;

Therefore this type of solution is not further considered in this contribution.
3.2. Node-B tagging + Uu numbering
3.2.1. Trigger: Insequence delivery

The two indicated problems should be overcome by providing a TSN numbering originating from the UE over Uu; since the TSN numbering is re-ordering queue specific, it should be possible to detect in-sequence delivery per re-ordering queue for multiple re-ordering queues.

When looking at this type of solution, two questions need to be answered:
· What is the size of the TSN over Uu ?
· With what “timestamp” does the Node-B tag the MACe PDU ?

3.2.1.1 What is the TSN size required over Uu ?
As was indicated in section 2, already for re-ordering purposes a TSN with a size of 6- or 7-bits will be required.
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Still there are cases possible in which even with a TSN of this size, incorrect forwarding could result. E.g. look at figure 2. 
Figure 2: User plan flow example based on Node-B tagging + TSN
If an RNC received information for TSN1 from CFN5.1 (assuming 2ms TTI), and 150ms later receives TSN2 at CFN20.0, the SRNC cannot know whether the UE did not sent anything inbetween (top case), or the UE sent out 64 MACe-PDUs all acknowledged by another Node-B2 (bottom case).

Since the time inbetween the two receive MACe-PDU’s (150ms) is sufficient for delivering 64 (6-bit TSN) MACe-PDU’s (150ms > 64*2=128ms), if the Iub/Iur transport delay difference between Node-B1 and Node-B2 is larger than 150ms, none of the MACe-PDU’s from Node-B2 might have arrived at the SRNC yet. Thus no direct forwarding to higher layers will be possible and the SRNC will have to wait to see if the Node-B with the longest Iub/Iur delay has received any MACe PDU’s inbetween.
With a TSN of size 6 or 7, the Node-B1 would have to miss exactly 64 or 128 PDU’s in sequence in order to result in the case shown in figure 2. Although not proven scientifically, it is assumed extremely unlikely that the above case would take place in real life:
· missing 64 or 128 MACe-PDU’s insequence is not considered to happen very frequently. E.g. a Node-B with a radio link quality 3 dB below the radio link quality of the best Node-B is still expected to receive around 1 out of 10 of the PDU’s.

· most likely, the Node-B2 will not receive all MACe-PDU’s correctly at the first transmission. The need for retransmissions towards Node-B2 will lower the TSN update rate and increase the possibility for MACe-PDU’s being received by Node-B2 to be delivered to the re-ordering entity before the transmission from Node-B1 continues;

· although deviating from a pure “in-sequence forwarding”, it is assumed that a smart UTRAN implementation can take the current Iub/Iur delay situation into account when deciding on the forwarding.

Proposal: 
Given the above it is proposed to have as a working assumption a TSN size of 6- or 7- bits, whatever is required by the HARQ re-ordering window. Contributions to show that this leads to an unacceptable rate of “mis-forwarding” to higher layers are invited.
3.2.1.2. With what “timestamp” does the Node-B tag the MACe PDU ?
Two options can be identified:
1) (CFN, subframe) of the frame at which the MAC-e PDU was succesfully received;

2) (CFN, subframe) of the frame at which the first transmission for this MAC-e PDU took place;

In order to allow the UTRAN to monitor the HARQ performance, it is considered benefical to tag each MAC-e PDU with the number of retransmissions it took to correctly deliver the MAC-e PDU. Assuming this information is included in the Iub/Iur frame, both options 1) and 2) are in principle identical (based on synchronous transmissions). 

Approach 1) seems more correct to use, assuming that in order to anticipate large Iub/Iur variations, the SRNC wants to monitor the experienced Iub/Iur delay.
3.2.2. Trigger: Window advance

Based on the combination of the Node-B added information, and the TSN provided by the UE, it will be possible for the re-ordering function to detect a window advance.


4. Conclusion

It is proposed to agree on:
· a re-ordering queue specific TSN included in the MAC-e PDU over Uu;
· a TSN range sufficient to handle the out of sequence delivery caused by HARQ (6- or 7-bits);

· Node-B tagging with the CFN at which the information was correctly received;
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� 	This condition is in understood not to be in accordance with the current working assumption that we have fully synchronous retransmissions, and not a partially synchronous scheme.
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