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1 Introduction 

This issue of UE re-ordering buffer stall avoidance has been discussed over the past meetings. The problem was generally recognised by other companies and discussions focussed mainly on whether the current receiver operation is sufficient to provide good stall avoidance performance.  At RAN2#30 in Turin, during discussions for the relaxation of the ACK/NACK bit error rate requirement in the DPCCH-HS questions were raised on the various factors that affects the performance of the UE stall avoidance operation. 

This document aims at summarizing the impact of various parameters on the stalling of the UE re-ordering buffer. The objective is to put into perspective any performance evaluation that includes the UE MAC-hs.  

_______________________________________________________________________________________________

2 Performance Impact

There are many factors that impact the performance of the UE re-ordering buffer performance [1]-[3].  Stall in the UE re-ordering buffer occurs when in-sequenced data in the buffer is “stalled” from being delivered to the upper layer due to missing data block or blocks with lower sequence number within the UE re-ordering buffer. The following list describes the parameters that must be considered when evaluating the UE re-ordering buffer performance.

2.1 Timer Setting 

A timer-based stall mechanism has been accepted as the basic stall avoidance mechanism in the re-ordering buffer, but due to the asynchronous nature of transmission in HSDPA, it has been shown that this timer has to be set conservatively and this in turn negatively impacts the performance of HSDPA [3]. A HARQ process for a UE waiting for retransmission has to wait for its turn until its channel condition is favorable and/or scheduling fairness of other users are maintained.  Small-timer value effectively aborts pending HARQ processes, resulting in upper layer retransmission and reduced throughput.

2.2 Number of HARQ Process

Up to a maximum of 8 HARQ processes per UE could be supported. The use of more than one HARQ process is the source of out-of-sequence delivery of data blocks to the UE since data blocks sent in the different HARQ processes has different delivery time to the UE buffer. Other UEs with more favorable conditions could be scheduled instead, or the different HARQ processes could require different numbers of retransmissions.

A UE in good channel condition has high probability of using large number of HARQ processes. Therefore, performance evaluation of the UE MAC-hs needs to be performed considering up to or close to 8 HARQ processes.

2.3 UE Speed

With higher UE speed, the probability of error in the HS-DSCH is also increased i.e., the number of transmissions needed for a data block to be correctly received at the UE is larger. One HARQ process could take 3 transmissions for successful reception and another latter HARQ process may only require 1 transmission. Hence, the data block in the latter HARQ process will be delivered to the UE re-ordering sooner than the earlier data block causing on out-of-sequence delivery.

2.4 Number of Users

User selection diversity is increased as the number of users increases, allowing a different user or users (multiple in the case of code multiplexing) to be scheduled when his or her channel condition is preferable. However, this blockage of transmission to the UE increases the likelihood of a gap or gaps in the UE buffer (since gaps cannot be filled whilst transmission is to other UEs), which in turn leads to stalling. Furthermore, it follows that a user that is transmitting on multiple HARQ processes has a greater probability of having one of his processes “stalled” because a different user is being scheduled due to its preferable channel conditions. The residual error rate measures the percentage of gaps in the data blocks forwarded to the upper layer [3]. For both large and small-timer values, the increase in the number of users consistently impacts the residual error rate. 

2.5 Traffic Type 

A heavy load traffic type such as infinite buffer occupancy, often used to model the FTP traffic type, allows traffic to be continuously sent to the UE.  The continuous nature of the traffic causes the data blocks that are sent after the gap has occurred in the buffer to flush the gap out of the buffer, instead of having to wait for the timer mechanism.(Note that there is always data blocks that are sent after the gap, otherwise the gap would not exist.)  On the other hand, non-continuous traffic such as bursty traffic depends more on the Timer mechanism to flush the gap in the buffer. As a result, this timer has to be employed more often when the traffic is bursty resulting in reduced throughput with large timer values.   In addition, the impact of the number of users on residual error rate mentioned above would be greater for bursty traffic than for continuous traffic.

2.6 NACK/ACK Error 

The relaxed requirement of NACK to ACK error to 1e-03 increases the probability of a data block to be assumed transmitted although the data block has not been received by the UE re-ordering buffer. Thus, there exists a higher probability of stalling in the re-ordering buffer since the UE is waiting for a data block that will not be retransmitted.

2.7 Higher Priority Pre-emption ABORT 

Pre-emption by higher priority data has been neglected in the study of re-ordering performance. The impact due to aborting of a data block by higher priority data block needs to be considered. With the need to support multiple types of traffic classes with differing quality of service, the probability of this occurring could contribute significantly to the stalling of the UE buffer. 

2.8 Transmitter Window Operation ABORT

The transmitter window defines the MAC-hs PDUs that can be transmitted by the transmitter without causing an ambiguity of the TSN in the receiver. The NodeB aborts PDU with TSN that falls out of a certain range. The impact of this abort will also increase the stalling in the UE buffer.

_______________________________________________________________________________________________

3 Conclusions

The effects of various factors that individually or combined lead to increased UE stalling are discussed in the document. Together with past results [1]-[3], these factors indicate that a more effective stall avoidance mechanism is needed. This conclusion is drawn based upon results that have been presented so far in this working group. 

It has been shown that overhead incurred with any stall avoidance presented thus far is small compared to the gains that could be achieved.  Therefore, it is proposed that RAN2 considers enhancing the current timer-based packet forwarding mechanism in the UE buffer that has been shown to perform poorly the job of stall avoidance. 
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