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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 the baseline evaluation schemes of Release 6 Enhanced Uplink [1].  In this scheme, the UE can change the uplink transmission rate to compensate the short term channel conditions and node B can manage the uplink noise by controlling the maximum transmission rate of the UEs in the cell.  One way of doing that is to signal to the UE the pointer of the maximum allowed TFC inside the TFCS defined by the RNC.  As a result of this scheme, new uplink and downlink signalling is required for the exchange of control information between the node B and the UE.

In [1] two new L1 messages are introduced: the Rate Request (RR) in the uplink and the Rate Grant (RG) in the downlink.  However, the exact content of the messages and the way these messages are transmitted is not finalised yet.  In principle, there are two fundamental signalling modes that could be used: 
· Differential Signalling – As an example of downlink signalling, the node B sends UP/DOWN/KEEP commands to change the uplink transmission rate of Enhanced DCH.
· Explicit Signalling – As an example of downlink signalling, the node B sends a whole code word indicating the maximum transmission rate.
The use of differential signalling may look appealing in terms of spectral efficiency, but the effect of transmission errors has to be considered, especially for the downlink
.
When differential signalling is used in the downlink for the Rate Grant messages, error propagation can cause the random drifting of the maximum allowed rate (given by the TFC pointer).
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Figure 1: Downlink Feedback Error and TFC pointer drifting
As it is illustrated in Figure 1, a decoding error at 3rd frame causes the TFC pointer drifting from 4th frame onwards and produces permanent un-synchronisation between the node B and the UE.  One can reduce the probability of these errors by using large power offsets or repetition of the feedback commands.  However TFC pointer drifting cannot be completely eliminated when differential signalling is used.  The use of explicit signalling can be a solution because the downlink errors of the previous commands do not propagate.  The penalty is, however, a larger L1 signalling overhead.

As a result of the previous considerations, it is required to study a robust scheme for the downlink signalling of rate control commands in E-DCH.

2. Proposed Solutions
The requirements for the ideal solution can be summarised as follows:
· Cure to rate drifting.  A solution that only reduces the probability of downlink feedback error is not 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 the transmission of user data rather than for 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 channels which will impact the downlink code space, UE complexity, 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 require expensive higher layer signalling.
In this contribution, we propose five different candidate solutions for the downlink signalling which are: 
· Periodic Resetting

· Parallel Signalling
· Time Multiplexed Signalling

· Event Driven Signalling
· Filtering Signalling
2.1. Periodic Resetting
A simple solution for rate drifting is to use periodic resetting. 

1. RNC signals the reset frequency Q and the reference rate Rref to both the node B and the UE at the E-DCH setup time. 
2. After the rate control is initiated, every Q transmissions of the downlink commands both the node B and the UE reset the rates that they have stored so far (Rue and Rnb) to the value of Rref. 

This simple solution can be effective only when the total number of available uplink rates is small.  If the number of supported rates is large, the periodic resetting creates large jitters causing severe interruption of the rate control.
2.2. 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 and Appendix): 
1. The Rate Grant command is split into an explicit part and a differential part.

2. The differential part contains a whole differential command that can be applied as soon it arrives at the UE.

3. One explicit command is spread over the explicit parts of several Rate Grant messages, so that the UE need accumulating these bits over a period of time before it can apply one command.

4. Once the UE receives the whole explicit command, if it detects mismatch of its rate against the signalled one, then, it updates its rate on the basis of the explicitly signalled rate and of the changes up to the current time.

The benefit of this scheme over the explicit signalling scheme is the low overhead in L1 downlink signalling, that can be as low as 1 extra bit per the explicit part of the Rate Grant command.

[image: image2.emf]- - U

U

R

k+1

ue

R

k

ue

R

k+2

ue

U

U

K

U

R

k+4

ue

D

D

k K

K

K

Block 

Enc

R

k

nb

q

k

q

k+1

q

k+2

Node B 

Max rate @t=k

R

k

UE

=dec(q

k

q

k+1

)?

SYNC

R

k+2

UE

=dec(q

k+2

q

k+3

)?

SYNC

R

k+4

UE

=dec(q

k+4

q

k+5

)?

UNSYNC

q

k

q

k+1

q

k+2

q

k+5

R

ue 

starts drifting from k+3                      and resynced at k+6

If UNSYNC

R

k+6

UE

= dec(q

k+4

q

k+5

) + d

ue

k+4

+d

ue

k+5

where d

k

is command received by UE at  CFN=k

R

k+6

ue

R

k

ue

!= R

k

nb

R

k

ue

= R

k

nb

d

k

ue                          

d

k+1

ue                     

d

k+2

ue                       

d

k+3

ue                       

d

k+4

ue                     

d

k+5

ue

U U K D K K

U U K D K K

Downlink physical channel

carrying rate control command

at UE

Uplink physical channel 

carrying rate request

at UE

Uplink physical channel

carrying rate request

at node B

Downlink physical channel

carrying rate control command 

at node B

Decoding error

of downlink rate 

control command


Figure 2: Example of Parallel Signalling (Frequency of Explicit Signaling L = 2 frame)
2.3. Time Multiplexed Signalling

To additionally reduce the L1 overhead of the Parallel Signalling, instead of transmitting both the explicit part and the differential part inside every Rate Grant command, the Node-B can use time multiplexing over consecutive Rate Grant Commands.
The UE updates its TFC pointer when it receives a Rate Grant command containing bits of the differential part, and accumulates the bits of the explicit part if the Rate Grant command contains some.
The use of the received explicit and differential commands in this scheme is the same as in the Parallel Signalling, but in here the overhead for their transmission is reduced.  The multiplexing mode must be decided so that it is maintained a satisfactory convergence of the rate control and at the same time a whole explicit command is received within a time period that is effective to correct error drifting of the maximum rate.
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Figure 3: Example of Time Multiplexed Signalling

2.4. Event Driven Signalling
The drifting problem of the differential signalling can be managed also with no further overhead in L1 by sporadically sending explicit signalling on higher layers.  In such a case explicit signalling should be triggered whenever either the UE or the Node B detects some inconsistencies, for instance, as in the following cases.
· The Node B detects that the UE is transmitting with a rate that is higher than the maximum allowed.
· The Node B detects that the UE is transmitting with a data rate that is lower than the maximum allowed over several consecutive frames, and those transmissions all result in successful receptions. 

· The UE detects the rate control command = UP (or DOWN) and its rate is already at the maximum (or minimum) value imposed by the RNC.

Figure 4 illustrates a rate synchronization scheme where L1 carries differential signalling and the event-driven explicit signalling of Rnb is handled by L3.  Some details of the synchronization procedure are given in the following.
· Time A.  After decoding a data block, the node B detects Rkue > Rknb.  It reports to the RNC the current frame number CFN and its rate Rknb, and it stops updating Rnb any further.  To set a maximum waiting time before the node B receives a response from the RNC, it starts a Tunsync timer which decreases by 1 every frame.  If Tunsync expires, the node B deletes the radio link.
· Time B.  The RNC sends the UE a L3 message to reset its Rue as Rknb, and to stop sending uplink rate requests.  The exact timing of the application of this command is decided by the UE.
· Time C.  The UE sends to the RNC a L3 message to acknowledge and inform the timing of the execution of the command.
· Time D.  The RNC informs the node B about the timing of the reset.  The Node B drops the timer Tunsync.

· Time E.  The synchronization is achieved at the node B and at the UE.  Close loop rate control is resumed.
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Figure 4: Example of Even Driven Signalling 
2.5. Filtered Signalling
The error propagation of the differential signalling can be reduced by applying a filtering in such a way that the impact of past errors on the current TFC Pointer at the UE decays as time progresses.  The Filtered Signalling solution (see Figure 5) uses a modified version of the adjustment loop introduced for the R99 TPC.  The procedure employing the exponentially decaying filter is shown as follows.
1. At the initialization of E-DCH, the parameters of the adjustment loop (the reference rate Rref and the convergence coefficient r ) are signalled by the RNC.

2. At the node B, every downlink message that is transmitted to the UE is fed into an adjustment loop filter to produce the next maximum rate Rnb.  The update expression is as follows:

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


3. Upon reception of the message, the UE updates its local copy of the maximum rate Rue using the same update expression as in the node B:

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

Filtered Signalling is spectrally efficient since it does not require any L1 overhead.  It should be noted, however, that the rate drifting is only reduced, not completely removed.  Therefore, the UE could occasionally send data packets at a slightly higher rate than the maximum allowed by the TFC pointer.  However the impact on uplink noise rise should be small since the adjustment loop will gradually balance Rue and Rnb as time progresses.
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Figure 5: Flowchart of Filtered Signalling

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 rate control signalling solutions proposed in this contribution (first row of Table 1) is examined in Table 1.  It can be seen that all the rate control signalling solutions are applicable when it is used puncturing of DPDCH, or a new field in DPCCH, or also a new downlink dedicated channel.  Instead, the use of a new common control channel that all UEs share in time/code multiplexing, would required some more study for two proposed schemes of ours: the Parallel Signalling and the Time Multiplexed Signalling.
	
	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 one of the problems of rate control in presence of downlink errors: the drifting of the TFC pointer.  Five candidate solutions are considered for the solution of this problem.  The summary of comparison of each candidate solution is given in Table 2. 

As a conclusion of this contribution, we ask RAN1 the following:

· to include in the technical report a description of the problem of the drifting of the TFC pointer. 

· to include in the technical report some of the proposed solutions for their evaluation.

· As proponent we support both Parallel Signalling and Filtered Signalling as base line evaluation scheme.
· to consider the L1 physical channel structure which enables a robust feedback signalling scheme.  

	Method
	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
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5. Appendix – Detailed Procedure of Parallel and Time Multiplexed Signalling

[image: image6.emf]Decide uplink rate request

based on data status and

transmission power margin.

Send uplink rate request 

Decodes uplink rate request 

received at kth frame 

from a UE

encR = Encoded R

nb

k

then encR is divided into

L sub-blocks.

Decide R

nb

k+1

based on noise raise and 

UE’s rate request. 

Send d

k

on downlink

where d

k

= R

nb

k+1 

- R

nb

k

i = k % L 

i == 0 ?

Start k-th frame

Send q

k

on downlink

where q

k

is the i-th subblock

of encR

End of k-th frame

Node B Procedure      UE Procedure

Decodes downlink rate 

control d

k

ue

Update R

ue

R

ue

k+1 

= R

ue

k

+ d

k

ue

i == L-1 ?

Receives q

k

from downlink

where q

k

is the i-th subblock

of encR

Start k-th frame

End of k-th frame

i = k % L

decR = decoding(encR

nb

)

R

ue

k-L+1

== decR ?

YES

NO

YES

NO

YES

R

ue

k+1 

= decR + AccDelta

AccDelta 

=d

k-L+1

ue

+d

k-L+2

ue

+…+d

k

ue

NO


Figure 6: Parallel Signalling Procedure (example)
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Figure 7: Time Multiplexed Signalling (example)




































� Since only the node B has the authority to control the maximum data rate, errors in the downlink are more stringent than in the uplink.  The latter may give a slower adaptation of uplink rate control, but the former have a more severe effect, since they produce un-synchronisation between the maximum rates supposed at the node B and at the UE (or Rnb and Rue respectively).  The violation of synchronisation causes the UE to transmit data packets with excessively high or low transmission power.  In the former case, there is a significant impairment of the manageability of the uplink noise, whereas the UE suffers unnecessarily low data throughput in the latter case.





