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1. Introduction

The contribution [1] highlights the problem of data rate control if a UE is connected to UTRAN and is used as a modem to one or more peripheral devices via interference-limited connections such as Bluetooth. It is explained that, in the Release 99, the problem can be resolved by higher layer signalling with RLC configured to work in the acknowledged mode. In the Release 5 HSDPA, to avoid wasteful employment of radio resources and harmful effects on the transport layer, it is necessary to establish sufficiently fast flow control by direct signalling between Node B and UE. 

This contribution discusses possible solutions for a simple UE flow control in HSDPA and is organised as follows. First we briefly review the structure of the uplink feedback channel in HSDPA. Then we discuss the ways of transmitting the feedback information to the Node B by using uplink feedback signalling. 

2. UE Flow Control

The main idea is to overcome described problem by using additional feedback information sent by UE directly to the Node B. A combining of this signal with other physical layer signalling would improve efficiency and reduce complexity. 

2.1 Structure of the Uplink Feedback Channel

HS-DSCH related uplink signalling consists of HARQ acknowledgement and channel quality indicator (CQI). Uplink signalling is transmitted on dedicated uplink channel (HS-DPCCH) for each user [4].

A 1-bit indication is used for an HARQ acknowledgement. The UE could also signal a recommended Transmission Format Resource Combination (TFRC) by using a corresponding index of CQI (Channel Quality Indicator) as proposed in [3]. A [5]-bit indicator is coded and transmitted over two slots thus leaving space for 32 levels. In the Table 4 (Appendix) [3] an example is given for a 5 bit CQI request list signalled from the UE to the Node B to indicate current channel condition and to request certain transmission format. 

2.2 Using Uplink Signalling to Establish Flow Control

Three different methods will be described. 

2.2.1 Using ACK/NACK Signalling to Establish Flow Control

This solution on HARQ level requires the introduction of a new signal for uplink acknowledgement signalling (ACK-Wait) which is transmitted when UE buffer is full. Once this signal is received, the Node B should not schedule that particular data flow for a while. It should be noted that introducing the third level for ACK-Wait would decrease reliability of feedback and will thus be difficult to realise.

2.2.2 Using Implicit CQI Signalling

This solution requires that the UE requests a TFRC that is lower than the one under current channel conditions when the buffer is likely to overflow. If it is necessary to stop transmission for a while, an OOR (Out of Range) field [3] can be sent.
The disadvantage is that the Node B does not know if the lower TFRC is requested due to bad channel conditions or due to the possibility of buffer overflow. If there are more than one data flow existing per UE and buffer occupancy is critical for only one of them, it could happen that the other is scheduled with lower transmission format than necessary for given channel conditions.

Yet another disadvantage of this solution is that the testing of UEs would be more difficult since the performance for one channel type does not only depend on radio capabilities. 

2.2.3 Using Explicit CQI Signalling

When using explicit CQI signalling one or more combinations out of 32 possible levels are reserved for flow control messages. The details of CQI signalling are still under discussion in RAN1. In the latest proposal [3], the Table 4(Appendix A) , the levels with the indices from 27 to 31 are not used and could be allocated for flow control signalling. 

The basic requirement for flow control is that only one value out of 32 possible levels is reserved for a TFRC-Wait (TFRC-W) signal. When receiving this signal, Node B should refrain from scheduling packets from a particular data flow for a predefined time or until the Node B receives again a CQI which signals the channel quality.

	CQI
	Data Rate Reduction
	CQI Index

	TFRC-W
	Wait
	28


Table 1: An example for uplink relative signalling definition with simple flow control

Depending on the number of levels allocated for flow control signalling, some refinements are possible. The data rate can be controlled by requesting the reduction of number of codes to be allocated to a certain data flow (TFRC-Reduce). This signalling can be relative (the number of codes is reduced relative to the number of codes from the previous scheduling interval) or absolute (the number of codes to be allocated is signalled explicitly). Some simple examples are shown in Table 2 and Table 3.  

	CQI
	Data Rate Reduction
	CQI Index

	TFRC-W
	Wait
	28

	TFRC-R1
	Decrease number of codes for the amount R1 relative to the previous scheduling interval
	29

	TFRC-R2
	Decrease number of codes for the amount R2 relative to the previous scheduling interval 
	30

	TFRC-R3
	Decrease number of codes for the amount R3 relative to the previous scheduling interval 
	31


Table 2: An example for uplink relative signalling definition with flow control 

	CQI
	Number of Codes
	CQI Index

	TFRC-W
	0
	28

	TFRC-R
	1
	29

	TFRC-R
	5
	30

	TFRC-R
	10
	31


Table 3: An example for uplink absolute signalling definition with flow control

UEs with lower capabilities in terms of maximum number of codes might be able to impose flow control with even better granularity. It can be further argued how useful the introduction of these additional levels is. The answer certainly depends on buffer management and burstiness of data.  Some mechanisms for buffer management can have lower thresholds for initiating flow control and may benefit from higher granularity. On the other side, very bursty data rates over HSDPA are most efficiently controlled by a single TFRC-W signal.   

This solution has the following advantages:

· The reliability of CQI signalling is not reduced by allocating one or more levels to flow control signalling.

· UE flow control is clearly distinguished from the channel quality indication making the UE behaviour unambiguous 

· No changes in existing HSDPA uplink signalling are required. A solution for flow control has been proposed in [5] but it requires the introduction of new signalling element called flow control bit-map.     

3. Conclusion
[1] explains the necessity for HSDPA to establish fast UE flow control by direct signalling between Node B and UE to alleviate the problems arising from instantaneous variations of data rates on interfaces between UE and peripheral devices. This contribution describes that an efficient UE flow control can simply be realized by reserving some combination of the CQI reporting. We think a suitable solution for Release 5 would be to reserve at least one level out of 32 available levels of the CQI signalling to be able to stop transmission temporarily. Depending on the decision made in RAN1, it may be relevant to consider introducing some additional signalling fields to improve granularity.

We therefore ask RAN2 to liase to RAN1 to ask for inclusion of this UE flow control or to look for other possible solutions to solve the described problem. 
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Appendix A

	CQI
	TBS
	Number of 
Codes
	Modulation
	Code Rate

	0
	N/A
	OOR

	1
	200
	1
	QPSK
	0.21

	2
	260
	1
	QPSK
	0.27

	3
	340
	1
	QPSK
	0.35

	4
	400
	1
	QPSK
	0.42

	5
	480
	1
	QPSK
	0.50

	6
	680
	2
	QPSK
	0.35

	7
	820
	2
	QPSK
	0.43

	8
	960
	2
	QPSK
	0.50

	9
	1290
	3
	QPSK
	0.45

	10
	1520
	3
	QPSK
	0.53

	11
	1780
	3
	QPSK
	0.62

	12
	2300
	4
	QPSK
	0.60

	13
	2610
	4
	QPSK
	0.68

	14
	3330
	5
	QPSK
	0.69

	15
	3590
	5
	16-QAM
	0.37

	16
	4200
	5
	16-QAM
	0.44

	17
	4700
	5
	16-QAM
	0.49

	18
	5300
	5
	16-QAM
	0.55

	19
	5910
	5
	16-QAM
	0.62

	20
	6600
	5
	16-QAM
	0.69

	21
	7200
	5
	16-QAM
	0.75

	22
	9750
	7
	16-QAM
	0.73

	23
	11500
	8
	16-QAM
	0.75

	24
	14400
	10
	16-QAM
	0.75

	25
	17300
	12
	16-QAM
	0.75

	26
	21600
	15
	16-QAM
	0.75

	27
	RSVD
	
	
	

	28
	RSVD
	
	
	

	29
	RSVD
	
	
	

	30
	RSVD
	
	
	

	31
	RSVD
	
	
	


Table 4 - CQI Mapping Table
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