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Introduction

The problem of missing UE flow control has been discussed at RAN2#28. In [1] different method to mitigate the problem are discussed, highlighting that fast feedback would be beneficial for HSDPA. Given burstiness of interactive traffic and fast scheduling capabilities in HSDPA, it is shown that RLC AM flow control is not sufficiently fast to alleviate these problems. If there is not fast UE flow control the UE manufacturer will have to increase the UE buffer of higher layer and/or modify the CQI to reduce the data rate temporarily.

At the last RAN1 meeting it was agreed to leave a single spare value in the Channel Quality Indicator (CQI) reporting tables [2]. This document proposes to use the spare CQI value as a STOP transmission command for a simple flow control. 
UE behaviour
There could be different behaviours specified for using the STOP command which are described in the following.  Continuously sending STOP should be avoided , since consecutive CQI reports will be missed during that time. With the proposed behaviour the UE should send a single STOP transmission command when data is received that can not be processed. For continuous transmission the UE  may need to send multiple STOP commands due to the round trip time until the STOP signal is received and processed by the Node B. It also seems logical to trigger a STOP command before the buffer is overflowing and first packets would be dropped. 

The time instance at which the STOP signal can be send depends on CQI cycle, the CQI offset and the CQI repetition factor. The most likely scenario for a buffer overflow seems to be if the UE is scheduled for several consecutive TTIs with a high rate. In this case it can be assumed that the UE has a good channel condition and thus continuous CQI reporting is not essential. In [3] it is proposed to increase the CQI during HS-DSCH activity. This would reduce the time until a STOP signal can be received and transmission is stopped even if a large CQI cycle is configured for idle times. 

There are some benefits in specifying the UE behaviour for using the STOP signal. In this case the scheduler knows the UE behaviour and can react accordingly. 

Flow control per MAC-d flow
From the point of time the STOP signal is received the Node B has some indication about the MAC-d flow that is affected. Mention that one MAC-hs PDU transmitted per TTI can only contain MAC-d PDUs with the same priority and from the same MAC-d flow. 

Furthermore before sending the STOP signal a UE could also check the Queue ID of the MAC-hs header to find out if the affected data flow is being transmitted. If during HS-DSCH transmission continuous CQI measurement is configured the affected MAC-d flow is explicitly known. It should be discussed in RAN2 if this functionality should be specified resulting in somewhat increased complexity or left open to be implemented by a clever UE. Theoretically it would also be possible to identify the logical channel from the MAC-d header. 

Reordering Release Timer T1 

If the transmission is stopped the PDUs in the reordering queue will be kept until the reordering release timer T1 expires or transmission is continued. Thus the reordering buffer is effectively used to store the already send PDU's as long as possible without any inter-layer interactions. In case the transmission is continued in-sequence packets had to be delivered to higher layer. It does not seem to be practical to use the reordering buffer to store in sequence PDU's. 

UTRAN behaviour 

Since the behaviour of the scheduler is not specified the Node B is not mandated to stop transmission after having received a STOP signal. In a loaded cell it will surely be beneficial to consider a received STOP signal and to schedule other UE’s instead. Nevertheless high priority data such as DCCH signalling can be send without delay.  

If a STOP signal has been received the Node B could start a timer and could suspend transmission (of one or more MAC-d  flows) temporarily. After a predefined time it can be assumed that either higher layer flow control (RLC, reliable transport layer protocol flow control) or the UE is able to process data again. So the PDU’s are buffered at the Node B instead of being send over the air. This allows the scheduler to select UE's that can process the data and thus end-to-end throughput will be increased. It could also happen that PDU's that can not be processesed are discarded in the Node B (based on delay requirement). Still this is preferable compared to sending them over the air and being discarded at the UE. In any case the RLC protocol has to cope with large fluctuations due to Node B scheduling as well as with packet discard at the Node B.  

The Node B could also probe the UE by scheduling data transmissions with less resources allocated than possible under current channel conditions. In case the situation is not yet resolved the UE will respond with another STOP command. 

Impact on Specification 

There will be almost no impact on specification, because the STOP signal is part of the CQI signalling. So far it is not clear in which specification the CQI table will be included. The basic behaviour how a UE may use the STOP signal should be described in this specification and some primitives may need to be added or modified. 

Conclusions
A simple solution for an effective UE flow control using the spare CQI value as a STOP command has been presented. It is proposed that the UE may send a STOP command each time it receives data that higher layer may not able to process. If continuous CQI transmission is configured during HS-DSCH activity time the affected MAC-d flow can be identified. 

This would allow the UE manufacturer to limit the size of application buffer as well as to avoid conflicts when the UE is connected to external devices. For the UTRAN it is beneficial to consider a received STOP signal for scheduling. The scheduler is able to select UE's that can actually process the data increasing end-to-end throughput and avoiding packet losses in the UE. High peak data rates for operating close to the UE capabilities (of higher layer and external interfaces) are possible.  
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