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1. Introduction

During RAN2#42 it has been agreed that the re-ordering function for EUDCH will be located in the SRNC. 

In this contribution we will look at the re-ordering function in a bit more detail and see what control information it requires to operate reliably.  
We will start by looking at the re-ordering function used for HSDPA, and try to build on that for EUDCH.

2. Re-ordering in HSDPA
2.1. Cause for out of sequence delivery

In HSDPA, re-ordering is implemented at the priority queue level. The re-ordering is required in order to cope with out of sequence delivery due to different delays experienced by transmissions handled by different HARQ processes which are transmitting in parallel. This is shown in figure 1:
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Figure 1: HSDPA out of sequence delivery example
The re-ordering is based on a TSN in the MAC-e header. The size of the TSN is 6 bits, which allows a maximum re-ordering window size of 32 MAC-d PDU’s. 
2.2. Triggers for delivery to higher layers

The re-ordering entity for HSDPA is delivering information to the higher layers based on 3 triggers:

1) Newly arrived data enables insequence delivery of information to the higher layers;

2) Newly arrived data advances receiver window which makes some MAC-hs PDUs fall below the window;

3) T1 expiry leading to delivery of all information up to the missing MAC-hs PDU;

Trigger 1) is the “normal trigger” and will lead to the quickest delivery of information to higher layers. Both triggers 2) and 3) are usefull for correcting “error” situations in which certain information does not arrive (arrives very late) at the re-ordering entity.
3. Re-ordering in EUDCH
3.1. Cause for out of sequence delivery

3.1.1. Delay variation caused by HARQ
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Also for EUDCH, parallel HARQ transmissions may cause out of sequence delivery to the re-ordering entity. This is shown in figure 2:
Figure 2: EUDCH out of sequence delivery example (HARQ)
During the joint RAN1/RAN2 meeting in Prague a working assumption was agreed w.r.t. the number of processes that will be used for HARQ in EUDCH:

· 3 or 4 processes for 10ms TTI
· 5 or 6 processes for 2 ms TTI
Furthermore, although not agreed, contributions are proposing a maximum number of retransmissions larger than 4 so let’s assume a maximum number of retransmissions of 7 (8 transmissions in total).

The worst case situation w.r.t. delay variation will arise when 1 process is continuously unsuccesfull apart from at the last retransmission, and the other processes are continuously succesfull.
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Table 1: Worst case HARQ delay variations (ms)
As shown in table 1, depending on configuration, max HARQ delay variations can range from 20 to 280ms.

3.1.2. Delay variation caused by Iub/Iur delay variations
However in the EUDCH case, there might be another reason why MAC-e PDU’s are delivered out of sequence to the re-ordering entity at the SRNC, i.e. transport delay variations at the Iub/Iur. This is shown in figure 3:
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Figure 3: EUDCH out of sequence delivery example (Iub/Iur delay variations)
The out of sequency delivery shown in figure 3 will never be the result of transmissions from one Node-B, but only due to MAC-e PDU receptions at different Node-B’s. Due to (temporary) transport delay variations between links from different Node-B’s, PDU’s received in one order over Uu arrive in another order at the SRNC.
One could question if the internal UTRAN transport delay variations between different Node-Bs are such that this will cause problems in real-life network configurations ? The following should be considered:

1) Ref [1] lists a delay difference of around 20ms for two Node-B <-> SRNC transport bearers. However, ref [1] only considers Real-Time (conversational) services like audio and video: conversational services will be transported with a high priority in the transport network. This will lead to a low total delay and thus also to a low total delay variation.
2) EUDCH will typically not be used for conversational services, but for other service classes including the background class. This type of traffic has a high delay tolerance and will be transported with a low priority in the UTRAN transport network. This will result in a higher total delay and higher delay variations.

3) For the streaming class, [2] specifies a minimum delay of 280ms and [3] allows a max delay of 65 seconds to be signalled. Interactive and background classes will typically allow larger UTRAN delays than for the streaming class. 
In general we assume that max Iub/Iur transport delays and delay variations could be as much as up to several hundreds of ms
, which means that they could be comparable to the delay variations caused by HARQ.
3.2. Triggers for delivery to higher layers

We assume that the re-ordering function for EUDCH will preferably work with the same 3 triggers as defined for HSDPA. So again: 

1) Insequence delivery
Newly arrived data enables insequence delivery of information to the higher layers;

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

3) Timer
Timer expiry leading to delivery of all information up to the missing MAC-hs PDU;

The third mechanism is an SRNC internal issue. The SRNC should be able to configure a correct timer value based on the applicable HARQ configuration and the estimated Iub/Iur delays. 
For the triggers 1) and 2), the re-ordering function will have to receive data time/sequence information together with received MAC-e PDU’s.
4. Conclusion

It is proposed to agree on the following re-ordering function control input:

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;

It is proposed to document these requirements in the RAN2 Stage-2. 

More detailed considerations w.r.t how to realise these control inputs are included in Ref [5].
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� Note that [4] allows a maximum timing correction of +/- 1.2 seconds.
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