
TSG-RAN Working Group 1 meeting #31 

Marne La Vallee, France 

19 – 23 May 2003
R1-03-0548
Agenda item:
Enhanced Uplink

Source: 
Telecom MODUS, NEC 

Title: 
Text Proposal for EDCH TR - Robust feedback scheme for closed loop rate control in E-DCH.

Document for:

Discussion

This contribution contains a text proposal for the Enhanced uplink DCH technical report. The purpose of this text proposal is to define and describe the potential enhancements of robust feedback schemes and compare the benefits of each scheme, i.e. complexity and gains. 
--Beginning of text proposal --------------------------------------------------------------------------------------------------------- 

7
Overview of Techniques considered to support Enhanced Uplink

7.1.1.5
Signalling to Support Fast TFCS Restriction Control

Editor's Note: This chapter is currently describing one possible solution for the signalling to support the method. Other possible signalling solutions may be introduced later. 

7.1.1.5.1
L1 signaling

Two new L1 messages are introduced in order to enable the transport format combination control by L1 signalling between the Node B and the UE.

· Rate Request (RR), sent in the uplink by the UE to the Node B. With the RR the UE can ask the Node B to change the set of the allowed uplink transport format combinations within the transport format combination set.

· Rate Grant (RG), sent in the downlink by the Node B to the UE. With RG, the Node B can change the allowed uplink transport format combinations within the transport format combination set.

A spectrally efficient way with which the Rate Grant commands can control the TFC is to use differential signalling.

However, with differential signalling in the presence of downlink errors the rate scheduling cannot be reliably carried out.  If the Node B sends a Rate Grant command which is wrongly decoded by the UE, the errors accumulates over time and the TFC pointer at the UE can be drifted away from that of the Node B.  This violation of synchronisation causes the UE to transmit data packets with excessively either high or low rate after accumulating several signalling errors.  In the former case, there is a significant impact on manageability of uplink interference, and in the latter case the UE suffers low data throughput.  The solution for the phenomenon of the drifting of the TFC pointer at the UE should be further studied.  A spectrally efficient solution is required to reduce its impact on the existing downlink capacity.

In the following are introduced some techniques which may help mitigating the effect of downlink errors on differential signalling.

Explicit Signalling of TFC pointer

The Node B sends a whole code word indicating the TFC pointer at every Rate Grant message.  By using explicit signalling the downlink error in the previous frame does not propagate to the following frames.  The penalty is a large overhead in L1 signalling.
Periodic Resetting

Both the Node B and the UE reset their TFC pointer with a pre-determined frequency.  This technique can be effective when the TFCS is small, but it could create large jitters causing interruption of rate scheduling in the case of large TFCS. The reason for the latter is that after the resetting, several RG signals may be required to move the TFC pointer to convergence.

Parallel Signalling 

The Rate GrantNode B rate control command is split into two partsan explicit part and a differential part. The differential part contains a whole differential command that can be applied as soon it arrives at the UE.  On the other hand, 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.  Once the UE receives the whole explicit command, if it detects mismatch of its TFC Pointer against the signalled one, then, it updates its TFC pointer on the basis of the explicitly signalled TFC pointer 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.

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 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.  Differential signalling bits can be transmitted more often than explicit signalling bits as a way to maintain a satisfactory convergence of the rate control.

Event Trigger Based Signalling

The drifting problem of the differential signalling can be managed also with no further overhead in L1 signalling by 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.

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 the time progresses.  The Filtered Signalling solution (see Figure xx) uses a modified version of the adjustment loop introduced for the R99 TPC.  Filtered Signalling is spectrally efficient since it does not require any L1 overhead.  It  should be noted, however, that the 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 TFCS.
[image: image1.wmf]Adjust 

Loop

Node B

Rate

Control

Adjust 

Loop

Downlink

Channel

UE Rate

Control

d

ue

R

ue

R

nb

Node B

UE

d

nb

Uplink

Channel

Tx rate 

request

Rx rate 

request

t

filter

response

 


Figure xx: Functional Diagram of Filtered Signalling Scheme
7.1.1.5.2
RRC signalling

Editor's Note: This chapter is to be defined later.

7.1.1.4.3
Iub/Iur signalling

Editor's Note: This chapter is to be defined later.

8.3
Multiplexing alternatives

This chapter is describing the different alternatives of how E-DCH can be multiplexed with the existing Rel'99 channel structures. (E-DCH is used as a general term referring to both a possible new type of transport channel and to possible enhancements to an existing transport channel)

There are basically two different alternatives to introduce the E-DCH: it can either be time multiplexed with other DCHs in the same way as different DCHs are multiplexed in Rel'99 or it can be code multiplexed, i.e., sent using a dedicated code channel. These alternatives are described and discussed in the following subsections.

Issues that need to be studied when considering each multiplexing alternative are:

· Possible introduction of  TTI lengths shorter than 10ms

· Possible Slot or frame synchronism for E-DCH users

· Flexibility of H-ARQ operation for both soft-handoff and non soft-handoff case.

· Variable gain factors and modulation for E-DCH

· Peak to Average Power Ratio (PAR)

· Interoperability with Rel’99/Rel’4/Rel’5 base stations and support of existing R99/4/5 channels 

8.3.1
Reuse of current physical layer structure

In this alternative the E-DCH is time multiplexed into the same coded composite transport channel (CCTrCH) as the other DCHs if present. The TFCI indirectly informs where and how many bits of each DCH within the CCTrCH are, regardless of the DCH being a Rel99 DCH or an E-DCH. 

Time multiplexing is easiest to implement if the TTI length is 10/20/40/80 ms, since then the Rel'99 transport channel multiplexing chain can be used. There may naturally be some enhancements, e.g., to rate matching, to support the potential new enhanced uplink features, e.g., hybrid ARQ. 

The advantage of time multiplexing of the E-DCH with Rel99 DCHs is that no new code channels are unnecessarily introduced. The multicode transmission would only be used for high data rates in a similar way as specified in Rel99. This approach minimises the required peak to average power ratio (PAR) in the UE transmitter provided only one DPDCH is used.  The code channel structure of this alternative is the same than is already used in Rel'99. 

It may be difficult to use higher order modulation and variable gain factors with this approach. Further, the number of available channel bits on a DPDCH for E-DCH depends on the presence of higher priority DCH’s (e.g voice) and may impact the flexibility of HARQ operation.
8.3.2
Allocating a separate code channel for Enhanced uplink DCH

In this alternative the E-DCH is code multiplexed with other DCHs, i.e., sent using a dedicated code channel, thus introducing a new CCTrCH in the uplink. (Note, that Rel'99 only allows one CCTrCH in the uplink per UE.)

The advantages of code-multiplexing include, among others, simpler introduction of new/shorter TTI lengths, increased flexibility of HARQ operation , and support of adaptive modulation.

Introducing a new code channel may increase PAR in some cases which should be studied. Further, the available resources, such as power, for the code channel carrying E-DCH depends on the presence of higher priority DCHs being carried on the other code channels.
Annex A:
Simulation Assumptions and Results

A.3.1.3

Signaling Errors

Signaling errors may be modeled and specified as the examples in Table A - 1.

Table A - 1 - WCDMA Signaling Errors

	Signaling Channel
	Errors
	Impact

	ACK/NACK channel
	Misinterpretation, misdetection, or false detection of the ACK/NACK message
	Transmission (frame or encoder packet) error or duplicate transmission

	Scheduling related signalling
	Misinterpretation of feedback information
	Potential transmission errors

	Downlink rate control signalling for rate scheduling
	Misinterpretation of rate control command
	Drifting between the TFC pointers in the Node B and the UE if differential signalling is used

	Uplink rate request signalling for rate scheduling
	Misinterpretation of rate request.
	Slow rate adaptation


For H-ARQ, if an ACK is misinterpreted as a NACK (duplicate transmission), the packet call throughput should be scaled down by (1-pACK), where pACK is the ACK error probability. Otherwise the signaling errors will be explicitly modeled to properly account for them.

A.3.1.4
Downlink Modeling in Uplink System Simulation
In addition to modelling CPICH transmission for the purpose of active set selection, only feedback errors for e.g. power control, acknowledgements, scheduling related signaling etc.  need to be modeled. Thus explicit modeling of the downlink channels is not required.
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