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Introduction

Due to the channel dependent scheduling it can happen that the UE will need to process high peak data rates. The scheduler only considers the UE radio access capability parameter, to ensure that the UE can process such a big amount of data with its radio access functionality. Thus the peak data rate is only limited by the minimum UE capabilities. These do consider the size of the 'application buffer'. Therefore, besides so-called 'soft' and 'hard buffer', a significant buffer on the application level of the UE will be required. The terminal application has to make sure that it can process all the data for the Radio Access Bearer it has set up.

This document looks at potential applications for HSDPA. Some applications can only process a lower data rate compared to the minimum UE capabilities, for others the data rate that can be processed may even change dynamically. This document reviews the current options to limit the data rate provided by HSDPA. Such a limitation could be done statically and dynamically.

Bluetooth Interconnection 

Bluetooth is one of the main functionalities to be used by HSDPA terminals. By means of Bluetooth the UE can be interconnected to a variety of devices such as Lap Top, PDA, digital cameras etc. as shown in Figure 1. Connecting to data services through one's cellular phone is also known as the concept of a personal gateway [1]. 
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Figure 1: Interconnection of HSDPA UE via Bluetooth 
The bit rate of Bluetooth is limited within 728kbps, which is lower that the minimum UE capabilities for HSDPA (1.2Mbps). Thus there needs to be a kind of static data rate limitation. In general RNC (RRC) has to take care that the maximum data rate is not exceeded. This could be rather difficult due to the  channel based scheduling and depends on the buffer size in Node B. A rough data rate limitation can be done either by a proper configuration of lower layer or by flow control over the Iur/Iub interface. A pragmatic approach could be to configure a much lower data rate than possible to avoid buffer overflow in the UE. 

The data rate of a Bluetooth connection could be temporarily reduced (e.g. due to interference from WLAN 802.11b), leading to a buffer overflow at application level. Currently the UE would respond with a Radio Access Bearer reconfiguration (layer 3 signalling), which would need to be done quite frequently for the varying data rates provided by Bluetooth. Before a reconfiguration by Layer 3 signalling can take place the Node B will already have scheduled additional data to the UE. There is no other choice for the UE than to drop the packets after the application buffer is filled. Since the packets have already been processed correctly by HARQ and RLC a retransmission will take place on higher layer thus leading to increased delay and waste of radio resources. 

Possible solutions 

A packet loss after successful transmission should be avoided by all means and excessive UE memory over provisioning is not a solution for terminal manufacturer. Therefore it seems to be necessary to include a fast mechanism for the UE to reduce or stop the data rate transmission in HSDPA. The best solution would provide a simple rate limitation per logical channel, which would allow to continuo high rate transmissions to other logical channels not stalled by the application buffer. A combination with existing uplink signalling could be beneficial to reduce overall overhead. 

A simple solution for the UE could be to signal a bad channel conditions in the uplink even in good channel conditions. The data rate would be reduced by Node B, to some extent at the cost of radio efficiency. The UE behaviour would be ambiguous to the Node B and some more intelligence would be required to recognise that the UE wants to reduce the data rate. The testing of UE's seems to be difficult because the recommended TFRC is not solely based on the channel conditions. Another option could be to signal some resource information in the uplink such as the number of codes (e.g. 2 bits for number of codes [0,5,10, 15]). A simple solution with less signalling overhead would be to reserve one (or more) TFRC [2] values for that purpose to indicate to the Node B that transmission shall be stopped (or reduced) temporarily. 

There could also be a new signal defined in connection with the ACK/NACK, as for instance an ACK-WAIT signal. After reception the Node B would know that the packet was acknowledged, but the UE is not able to process more data right now. In this case the concept of 1 bit ACK/NACK signal would need to be changed at a late point of time, which seems to be difficult. 

The Node B behaviour, which is implementation specific, could be to start a timer to suspend transmission or to slowly increase resources after a stop or wait signal has been received. The scheduler could also choose to continuo transmission at the risk of data loss in the UE. 

An ACK/NACK solution would inherently provide such a signal per logical channel. The Node B could thus stop/reduce transmission of only the logical channel affected. A measurement based method could only work per logical channel (Priority Queue) if the measurement cycle is at least equal to the minimum inter TTI interval or if the signal can be send per event independently from the measurement cycle.  

Conclusions
For applications such as Bluetooth it is important the data can be limited dynamically by the UE. An higher layer signalling that would need to be done quite frequently may prove to be to slow to avoid a loss of data for a limited application buffer. Simple solutions to be included already in Release 5 will need to be discussed. From our point of view the best solution would be to add or to reserve one (or more) measurement report combinations (e.g. TFRI values) in the uplink. Upon reception of such combination the Node B could reduce the data rate or stop transmission temporarily. We see Bluetooth as one of the main functionalities of HSDPA terminals to be supported efficiently. 
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