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1. Introduction 
To enable more efficient data packet transmission in uplink, a closed loop based rate control scheme has been proposed and adopted as one of base line evaluation scheme of Release 6 Enhanced Uplink [1]. In this scheme, UE can change the uplink transmission rate to compensate short term channel condition while node B can manage the uplink noise raise by controlling the maximum transmission rate of UEs in the cell. A new uplink and downlink signalling is required for exchange of control information between node B and UE. 

In principle, there are two fundamental signalling schemes to support R6 closed loop uplink rate control as follows: 
· Differential Signalling – Similar to fast transmission power control adopted in R99, a node B sends UP/DOWN/KEEP command in downlink to control uplink transmission of Enhanced DCH. 
· Explicit Signalling – Similar to Channel Quality Indicator adopted in R5, node B sends a whole code word indicating a maximum transmission rate. 

Since both uplink and downlink feedback are required in closed loop rate control, i.e. rate request and rate control, one can employ Differential or/and Explicit Signalling in downlink or/and uplink. 
Furthermore, in closed loop rate control scheme, there are two sources of feedback errors: 1) an uplink error on UE rate request and 2) a downlink feedback error on node B rate control command. Both uplink and downlink errors are inevitable due to the limited transmission power, the severe fading in wireless channel etc. Due to the fact that only node B has the authority to control maximum data rate, the uplink error is less stringent than the downlink error. The former would incur a slow adaptation of uplink rate control while the latter causes an un-synchronisation between Rnb and Rue. The violation of synchronisation causes UE to transmit the data packet with excessively high or low transmission power after accumulating several feedback errors. In the former case, there is a significant impact on manageability of uplink noise while UE suffer low data throughput in the latter case. 

The threshold drifting is illustrated in the following Figure 1 where a decoding error at 3rd frame in downlink causes the threshold drifting from 4th frame and onwards. One can reduce the probability of this decoding error by means of large power offset or repetition of feedback commands (as shown in Appendix). However this threshold drifting cannot be completely eliminated in the case of Differential Signalling. To use Explicit Signalling can be a solution in which the downlink error in previous frame does not propagate. The penalty is, however, a larger L1 signalling overhead.      
[image: image1.emf]- -

U

U

U

U

U

U

U

U

K

K

K

U

D

D

D

D

k

K

K

K

K

K

K

K

R

k

ue

!= R

k

nb

R

k

ue

= R

k

nb

R

k

nb

Node B Max rate 

@CFN=k

R

k

ue

UE Max rate 

@CFN=k

PhyCH carrying rate

control cmd @UE

PhyCH carrying E-DCH

@UE

PhyCH carrying E-DCH

@node B

PhyCH carrying rate

control cmd @node B


Figure 1: Downlink Feedback Error and Threshold Drifting
2. Proposed Solutions
The requirements for the ideal solution can be summarised as follows:
· Cure to threshold drifting.  A solution that only reduces the probability of downlink feedback error is not sufficient enough when the connection duration of E-DCH is long, e.g. few hours. 

· Small impact to the downlink capacity.  The solution should be spectrum efficient in order to guarantee existing radio resource to be allocated for transmission of user data rather than L1 overhead.
· No or small impact to downlink physical channel structure.  If possible, the robustness of downlink feedback signaling should be achieved without introducing any new physical channel which will impact the downlink code space, UE complexity and etc.  

· No or small impact to RNC.  The solution should be encapsulated mostly within L1 or L2 in order to avoid RNC involvement which would necessitate expensive higher layer signalling.
In this contribution, we propose five different candidate solutions which are: 
· Periodic Resetting

· Simultaneous Signalling

· Parallel Signalling

· Time Multiplexed Signalling

· Event Driven Signalling

· Filtering Signalling
where Simultaneous Signalling has three different variants. 
2.1. Periodic Resetting
A simple possible solution for threshold drifting is to use periodic resetting. 

1. RNC signals the reset frequency Q and the reference rate Rref to both node B and UE at EDCH setup period. 
2. After the closed loop rate control is initiated, both node B and UE periodically reset its threshold Rue and Rnb to Rref whenever CFN%Q = 0. 

Although RAN1 so far has not studied in detail how many transport format can be used for EDCH, this simple solution can be effective when the total number of available uplink rates is small. If the number of supported rates is large, for example 32 levels as in HSDPA CQI, the periodic re-setting creates large jitters causing severe interruption of closed loop rate control.
2.2. Simultaneous Signalling – Parallel Signalling
In order to combine the advantage of both Explicit and Differential Signalling, a hybrid solution can be proposed as follows (see also Figure 2): 
1. The node B spreads one encoded Explicit Signalling Rnb, which is L*M bits long, over L consecutive frames, and transmits N differential signalling bits dnb on every frame.
2. At each frame, the Node B rate control command is split into two parts a) Explicit Signalling bits for Rnb (M bits per frame for L consecutive frames) and b) Differential Signalling bits for dnb (N bits).
3. At every frame, upon reception of these bits, the UE updates its current Rue using due, and it accumulates M bits into an internal buffer.  After reception of L consecutive frames, the UE decodes the Rnb and compares with Rue of L frames before.  If not equal, the UE updates the current Rue to be equal to Rnb + the L changes up to the current frame.
The benefit of this scheme over the conventional Explicit Signalling scheme is the low overhead in L1 downlink signalling. The portion of explicit signalling can be as little as M = 1 bit per frame. In this scheme, the synchronisation is carried out at the UE side. However, it also would be possible to do that in the node B. However, assuming that the node B has the authority to control the rate, it is better to prevent synchronising the node B rate to an erroneous UE rate.
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Figure 2: Example of Parallel Signaling (Frequency of Explicit Signaling L = 2 frame)
2.3. Simultaneous Signalling – Time Multiplexed Signalling

Parallel Signalling requires an additional L1 overhead for sending Explicit Signalling. An alternative to this solution can be a time multiplexing of the L1 signalling space between Explicit and Differential Signalling. In this way we can keep the L1 overhead low. This solution can be implemented as follows. 
1. The node B sends the Rnb at every odd downlink frame and sends the dnb at every even downlink frame. Assuming that the length of the encoded bits of Rnb is L*M, and that the bits available in each downlink frame are M, the node B can send one whole explicit signalling every 2*L downlink feedback frames.

2. The UE controls the instantaneous maximum rate using due received at every even downlink frame. After receiving 2*L downlink frames, it also decodes the explicit signalling Rnb and it compares that with the Rue of 2*L frames ago.  If they are not equal, the UE updates the current Rue to be equal to the signalled Rnb + the L changes up to the current frame. 

The benefit of this scheme is that there is no overhead to send Rnb in downlink. However the fast rate control becomes twice slower. This scheme can be generalised by sending explicit Rnb signalling once for every N downlink frames, while the rest of frames contain the Differential Signalling. In this way, the fast rate control becomes only marginally slower.
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Figure 3: Example of Time Multiplexed Signalling

2.4. Simultaneous Signalling – Event Driven Signalling
There are several events when either node B or UE can detect the threshold drifting. Some examples of these events are: 

· When the node B detects that the UE is transmitting with a data rate that is higher than the maximum rate Rnb. 
· When the node B detects that the UE is transmitting with a data rate that is lower than the maximum rate Rnb over several consecutive frames, and those transmissions all result in successful receptions. 

· When the UE detects the rate control command = UP (or DOWN) and its Rue is already at the maximum (or mimimum) possible value.
Instead of periodically signalling Rnb as proposed in the previous sections, an event-driven signaling of Rnb is one possible solution to cure the threshold drifting. As an example of event-driven scheme, Figure 4 illustrates a threshold synchronization scheme based on high layer signaling, where Explicit Signaling of Rnb is handled by L3 signaling and L1 signaling carries only the Differential Signaling.  
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Figure 4: Example of Even Driven Signaling 
2.5. Filtered Signalling – Adjustment Loop
The reason for the threshold drifting in Differential Signalling is the propagation of the error in the downlink signalling, e.g. a past error in the feedback “unendingly” influences the future values of Rue.  One possible solution to reduce the impact of error propagation is to apply a filtering in such a way that the impact of past errors to the current maximum rate Rue decays as the time progresses.  A procedure employing the exponentially decaying filter is shown as follows (see also Figure 5).
1. At the initialisation of EDCH, the parameter of adjustment loop (the reference rate Rref and convergence coefficient r ) is signalled by the Radio Network Controller (RNC).

2. At the node B, every downlink feedback signal is fed into an adjustment loop filter producing the next maximum rate Rnb. The update expression is as follows:

 Rnb (i+1) = Rnb (i) + dnb (i) + (1-r) (Rref - Rnb (i) ) .


3. Receiving upon downlink feedback message, UE updates Rue using a similar update expression as above:

Rue (i+1) = Rue (i) + due (i) + (1-r) (Rref – Rue (i) ) 

Comparing with the solutions proposed in the previous sections, the Filtered Signalling solution does not require separate explicit signalling of Rnb (therefore it is spectrally efficient). We should note that, even with adjustment loop, the probability of drifting cannot become zero although the actual drifting level will be reduced. Therefore the UE could occasionally send data packets at rate slightly higher rate than allowed Rnb. However the impact on uplink noise raise should be small since the adjustment loop will gradually balance Rue and Rnb as time progresses.  Furthermore the correction due to adjustment loop should be accumulated at every feedback command if the rate control step size is discrete, i.e. +1/-1. 
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Figure 5: Flowchart of Filtered Signaling

3. Impact on downlink physical channel structure

To create space for downlink rate control signalling, four candidate solutions have been proposed so far (see the first column of Table 1). The applicability of the five feedback solutions proposed in the contribution is examined in Table 1. It can be seen that all the solutions are applicable with the cases of puncturing DPDCH, defining a new field in DPCCH and introducing a new downlink dedicated channel.  For the case of a new common control channel that  all UEs in the cell share in a time or/and code multiplexed way, there would be some complications for two proposed solutions: the Parallel and Time Multiplexed Signalling schemes. Alternatives other than the four major candidates listed in the Table are FFS. 
	
	Periodic Resetting
	Parallel Signalling
	Time Multiplexed Signalling
	Event Driven Signalling
	Filtered Signalling

	DPDCH 
Puncturing
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable

	DPCCH 
New Field
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable

	Separate Code

Common Channel
	Applicable
	FFS
	FFS
	Applicable
	Applicable

	Separate Code
Dedicated Channel
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable


Table 1: L1 Physical Channel Options vs. Proposed Solutions
4. Conclusion
In this contribution, we investigated the potential problem of closed rate control: the threshold drifting. Five candidate solutions are then presented to cure the threshold drifting problem. The summary of comparison of each candidate solutions is given in the following Table 2. 

	
	Periodic Resetting
	Parallel Signalling
	Time multiplex Signalling
	Event Driven Signalling
	Filtered Signalling

	Main benefit
	Simplicity
	Small L1 overhead for Explicit Signalling
	L1 overhead identical to Differential Signalling
	No periodical Explicit Signalling 
	No periodical Explicit Signalling + Low complexity

	Main drawback
	Disruption of close loop rate control
	Additional L1 overhead compared to Differential Signalling
	Reduction in update cycle of closed loop rate adaptation
	High complexity involved in event processing
	Floating point filtering processing

	Cure of threshold drifting
	Yes
	Yes
	Yes
	Yes
	Minimise the drifting level

	L1 overhead
	Small
	Medium
	Small
	Small
	Small

	L3 overhead
	small
	Small
	small
	Large
	Small


Table 2: Brief appraisal of proposed solutions

As a conclusion of this contribution, we ask RAN1 the following:
· to include a text describing the threshold drifting phenomenon in the technical report. 

· to include some of proposed solutions in the technical report for evaluation.
· As proponent we support both Parallel Signaling and Filtered Signalling as base line evaluation scheme.  

· to consider the L1 physical channel structure which enables a robust feedback signalling scheme.  
Reference
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TSGR1#31(03)0381, TR 25.896 v030 “Feasibility Study for Enhanced Uplink for UTRA FDD”
5. Appendix
5.1. Appendix – Power Offset and Repetition
In conjunction with the solutions proposed so far, a supplementary scheme is also presented to enhance robustness of feedback signalling.  Note that this scheme does not cure the drifting problem but rather it reduces its likelihood. The scheme works as follows.
Key Concept: To use power offset and repetition to reduce the signalling error rate. Note that downlink is more critical than uplink, the unbalanced bit energy setting is spectrally efficient. (e.g. downlink target feedback error rate dTER = 1e-4, uplink target feedback error rate uTER= 1e-2).  Optionally, in conjunction with above, both the node B and the UE periodically reset Rue and Rnb to pre-determined values ( the reset timing is based on the connection frame number). 
The RNC send to the node B and to the UE the initial power offset and the repetition at radio link establishment. The initial values are calculated as follows:

           tSIRrc = tSIRdp + POrc(0) + 10*log10(REPrc(0)) 

where tSIRrc is the target SIR for rate request satisfying uTER. tSIRdp is the target SIR of dedicated pilot. To select two unknown parameters, one can find POrc(0) allowing minimum REPrc(0). Similarly, RNC calculates POrr(0) and REPrr(0) for uplink.
This solution enables to preserve the capacity of other channels by use of high repetition and low power offset although this slows down the rate adaptation.  

A small enhancement of this solution is to use an unbalanced target error rate for each downlink rate control command, e.g. tSIRrc(DOWN)>tSIRrc(UP). This prevents the undesirable increase of uplink rate due to feedback error. 

5.2. Appendix – Detail Procedure of Parallel and Time Multiplexed Signalling
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Figure 6: Parallel Signalling Procedure (example)
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Figure 7: Time Multiplexed Signalling (example)




































