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Introduction

During the RAN2#45bis meeting the issue of reordering protocol performance for HSUPA when considering buffering Iub delays between Node B and RNC was raised [1]. While agreeing with the framework of analysis conducted in this document, we would like to put forward a number of issues in light of working assumptions upon E-DCH Iub/Iur Frame Protocol details from the RAN3#45 meeting [2, 4] and discussions upon Iub delay measurement [3]. More specifically, operation of reordering function for HSUPA is reviewed and influence of variable Iub delays is assessed. Frame protocol means to improve delay performance of reordering function are proposed. 

Discussion

Background 

Overview of Reordering Function for HSUPA 

The re-ordering entity is part of a separate MAC sub-layer, MAC-es, in the SRNC. Data coming from different MAC-d flows are reordered in different reordering queues. There is one reordering queue per logical channel. Additional mechanisms (e.g. timer-based and/or window-based) are up to SRNC implementation and will not be standardised [5]. An example of timer-based and window based operation of reordering function is provided in the Appendix 1. 

In the following upper bound of delay for delivery of MAC-es PDUs within EDCH FP DATA FRAMEs from termination point of the Frame Protocol in the Node B up to the output of MAC-es reordering function assuming no Iur mobility is examined.  It is further assumed that upper bound of delay for delivery of MAC-e PDUs over the Uu interface is fixed for a given TTI and depends upon HARQ RTT and maximum number of retransmissions for observed MAC-d flow. Assumptions upon operation of the Frame Protocol affecting delay assessment will be formulated in following subsections. Iub interface delay will be modelled as a random variable value. Finally and without loosing generality of considerations, it will be assumed that there is at most one “gap” in the reordering buffer for which the RRT is triggered as explained in the Appendix 1. 

Uplink Delay for “Basic” E-DCH FP Operation    

Basic E-DCH FP operation is defined as a type of transmission from Node B to RNC wherein MAC-e PDUs correctly received in the same TTI in Node B are sent immediately to RNC. According to the working assumption for E-DCH FP operation from the RAN3#45 meeting, “basic” operation may be considered for both 2 ms and 10 ms TTI. Bearing this in mind, following delay assessment holds:    
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wherein RRT denotes the value of Reordering Release Timer operating in the RNC internally. Obviously, the value of RRT should be set so as to allow for a (maximum) number of HARQ retransmissions to fill the gap in reordering buffer before forwarding packets to higher layer. It depends on Iub delay and should be internally set while considering delay requirements of RABs mapped onto different MAC-d flows. 

Uplink Delay for “Flexible” E-DCH FP Operation  

“Flexible” E-DCH FP operation is defined as a type of transmission from Node B to RNC wherein MAC-e PDUs correctly received in the same TTI in Node B are sent to RNC with a certain delay. Upper bound of this delay may be configured via Control Plane (IE Max Buffering Delay value, 
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). According to the working assumption for E-DCH FP operation from the RAN3#45 meeting, “flexible” operation may be considered for 2 ms TTI only. Bearing this in mind, following delay assessment holds: 
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Obviously, the value of  
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 depends on Iub delay and it should be configured while considering delay requirements of RABs mapped onto different MAC-d flows.  Also, RRT depends on Iub delay and it should be internally set while considering delay requirements of different MAC-d flows. Reconfiguring 
[image: image5.wmf]MB

D

based on Iub delay variations is much slower than internally adjusting RRT value according to Iub delay variations. 

RRT Value Setting Based on Iub Delay Estimation  

For both modes of the EDCH FP operation, RRT value depends on Iub delay and should be internally set while considering delay requirements of RABs mapped onto different MAC-d flows. If RRT value were set in accordance with worst case Iub delay, detection of ‘gaps’ by higher layer and delivery of correctly received MAC-es PDUs to higher layer would be unnecessarily delayed. Therefore, it may be desirable to internally set RRT value depending upon Iub delay assessment. For this purpose, it should be possible to obtain Iub delay assessment in the RNC. In the following it will be assumed that Iub delays of different Transport Bearers may change in an uncorrelated manner. 

Presently there are at least two ways to assess Iub delay of different Transport Bearers in the RNC:

· using node synchronisation procedure and 

· using CFN / subframe numbering within EDCH FP DATA FRAMEs. 

When using node synchronisation procedure, one-way-delay on the uplink may be obtained by e.g. using the parameters T3 and T4 within UL SYNCHRONISATION FRAME [7]. This Iub delay may be estimated for Transport Bearer associated with UL/DL SYNCHRONISATION FRAMEs. However, on the association between Iub Transport Bearers and transport channel data streams carrying  UL/DL SYNCHRONISATION FRAMEs as used for the synchronisation procedure it depends whether delay can be correctly estimated. For example DCH dedicated transport channel data streams and associated Iub Transport Bearer may be be used for node synchronisation as well [8].   As there is one-to-one mapping between MAC-d flows corresponding to an EDCH dedicated transport channel and Iub Transport Bearers [9] and reordering is done per logical channel of a MAC-d flow, it is clear that unambiguous Iub delay assessment for EDCH is not possible.  

CFN / subframe numbering within EDCH FP DATA FRAMEs may be used to assess Iub delays in RNC, but it may not be always possible to send DATA FRAME when a need exists. For example, there may be no data available in Node B or transmission of data may be delayed due to Iub congestion in “Flexible” E-DCH FP operation mode.   

Solution 

For the purpose of Iub delay measurement, EDCH FP UL/DL MEASUREMENT CONTROL FRAMEs may be exchanged between Node B and RNC. RNC may send DL MEASUREMENT CONTROL FRAME to Node B that replies with sending UL MEASUREMENT CONTROL FRAME. Format of MEASUREMENT CONTROL FRAMEs is depicted in Figure 1.  Frame structure is aligned to the structure of CONTROL FRAMEs [8]. Exact bit allocations are not proposed. 

· Frame CRC field: aligned to the usual structure of CONTROL FRAMEs [8], 

· FT (Frame Type) field: aligned to the usual structure of CONTROL FRAMEs,

· Control Frame Type field: aligned to the usual structure of CONTROL FRAMEs, 

· FSN (CONTROL FRAME Sequence Number) and 

· DMF – delay measurement field  (value of BFN as inserted by Node B in the UL MEASUREMENT CONTROL FRAME after receiving DL MEASUREMENT CONTROL FRAME from RNC). 

FSN field may be used to establish a unique correspondence between UL and DL MEASURMENT CONTROL FRAMEs. Specifically, and after node synchronisation that has been carried out, when receiving UL MEASUREMENT CONTROL FRAME corresponding to DL MEASUREMENT CONTROL FRAME and by knowing phase difference between RFN and BFN, RNC may calculate one-way-delay in the uplink direction across Iub interface. 

Where feasible it could also be envisioned to use assessed the delay values in order to form a mean delay value or similar.
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Figure 1: Format of EDCH UL/DL Measurement Control Frame (DMF field is contained in the UL Measurement Control Frame only).

Conclusion

We propose to agree upon Iub delay assessment by means of UL/DL Measurement Control Frames. Finally we propose to agree upon inserting the text from ‘Subsection’ solution in the section 6.3 of the TR R3.015. 
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Appendix 1: Operation of reordering function 

In this appendix, an example of timer-based and window-based reordering function is given in the Figure 2. 
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Figure 2: An example of timer-based and window-based reordering function.
The operation of reordering function is determined by two major parameters, which are termed here as Receiver Window (RW) and Reordering Release Timer (RRT), as illustrated in the Figure 2. The RW sets up an upper bound for acceptable maximum data rate on the uplink. Whenever a MAC-es PDU with TSN being larger than current upper edge of the window enters reordering buffer, RW is moved in the direction of increasingly larger TSNs and the PDUs remaining out of it are immediately forwarded to higher layer. The RW is also moved in the same direction whenever in-sequence delivery is possible or after expiry of the RRT triggered for gaps in transmission. 
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