3GPP TSG-RAN Working Group 1 #37
Tdoc R1-040594

Montreal, Canada
May 10-14, 2004

Source: 
Siemens


Title:
Uplink signalling for E-DCH scheduling

Agenda Item:
9.4

Document for:
Discussion 

1. Introduction

The FDD Enhanced Uplink Study Item was completed at RAN#23 in March and recommended that an Enhanced Uplink Work item should include 3 possible enhancements for the uplink dedicated channel: (i) Fast Node B scheduling, (ii) HARQ and (iii) Further investigation of shorter TTI. The first of these improvements, fast node B scheduling allows for efficient allocation of planned noise rise in an EUL cell by means of tracking in a rapid manner the data rate requirements and capabilities of participating terminals and accordingly allocating permitted noise rise to terminals, by means of TFCS restriction. When allocating TFCs at higher data rates, the node B may be allocating a significant proportion of the UL noise rise. To avoid resource wastage, it is of importance that the node B does not allocate more resource than the UE requires or is capable of using. Thus, to support efficient scheduling, the node B requires up to date information on UE status, which depends on transmit power, buffer occupancy and the status of any non EUL channels (such as voice). 

This information must be either derived by the network or indicated by some form of uplink signalling. This paper proposes and examines the use of the TFC selection algorithm for supplying additional uplink signalling for supporting scheduling.

2. Uplink signalling to support efficient node B scheduling

The EUL Study Item technical report demonstrated that the combination of node B scheduling and HARQ can offer significant cell throughput gain for bursty uplink packet services. The aim of scheduling may be twofold: (i) To maximise use of uplink noise rise within the own cell and (ii) to lessen, as far as is possible likely interference to other cells. 

In order to effectively allocate uplink resource in the own cell, the node B needs to have a short-time awareness of the data rate requirements and capabilities of terminals in order to avoid unnecessarily allocating resource. Parameters that affect a terminals uplink data rate include:

· The amount of data in the UEs buffer

· The transmit power for the current TFC, relative to the maximum transmit power of the UE

· The status of any other transmissions (e.g. HS-DPCCH, Rel-99 voice)

When an uplink transmission is made, the UE takes into account the rules specified in [1] (or a modification of these rules specific to E-DCH) and selects a TFC. The selected TFC is indicated using physical layer signalling using the TFCI word. For an Enhanced UL channel, the TFC selection algorithm is likely to be restricted by a node B pointer.

Prior to node B scheduling, the UE may also employ the TFC selection algorithm in the following manner:

· Considering data in the UE buffer for the EUL (and any other processes buffers), but not taking into account data that is about to be transmitted in the same TTI as the UL signalling

· Without consideration of the node B TFC limit.

The purpose of employing the TFC selection algorithm in this manner is not to make an actual transmission, but rather to indicate the TFC that would be likely to be selected in the next TTI, with no TFC limit, to the scheduler by means of transmitting an additional “predicted TFCI”. Transmitting the TTI enables the UL scheduling information to be quantised in a manner most connected with the allocation of TFCs/noise rise at the scheduler and selection of data rates at the terminal, to prevent the scheduler from unnecessarily allocating UL noise rise.

It is worth noting that the above procedure is well suited to a “time and rate” type scheduling algorithm, where the node B allocates UL resource to a small group of terminals for a TTI. If the duration of the node B scheduling command is likely to be longer than a TTI, the algorithm could be modified such that the UE divides the remaining buffer size by the duration in TTIs of the scheduling command and then operates the TFC selection algorithm in the above described manner, to yield a predicted TFC for several TTIs. This may be particularly relevant in the case of a 2msec TTI.

3. Accuracy of predicted TFCI signalling 

Inaccuracy in the use of predicted TFCI for Uplink signalling arises due to the latency between the calculation of the predicted TFCI and reception by the UE of any resulting change in the node B rate restriction. In principle, the following events could occur during this time:

· If the predicted TFC was power limited, fading in the radio channel may mean that the predicted TFC can no longer be supported, or a higher TFC may now be supported

· If the predicted TFC was limited by the amount of data in the UE transmit buffer, new data may have arrived

· If the predicted TFC was limited by the status of other, non-EDCH channels, the status of these channels may have changed.

Of course, these changes can occur regardless of the format of UL scheduling signalling. The effect of these sources of inaccuracy on the usefulness of predicted TFCI based UL signalling and the potential user and system level effects are analysed in two special cases; power limited and data rate limited:

Power limited case

In the case that the UE buffer is sufficiently full that the maximum TFC can always be used if available, the predicted TFC will be restricted by the available transmit power of the UE; this is likely to occur in regions near to cell borders. There are two possible inaccuracies arising in the power limited case:

· If the TFC is under-reported, the UE may not be granted as much data rate as it could have used. The effect of this may be a reduced data rate to the UE but it is not likely to have significant cell throughput impacts in a well loaded cell, depending on the scheduling algorithm.

· If the TFC is over-reported and the node B allocates the full requested TFC, some wastage of cell resource will occur. User throughput will not be impacted.

Obviously the effect of such errors is dependent on the dynamic situation and the scheduling policy. However some analysis was performed for the case that predicted TFC errors lead to the maximum possible degradation, which occurs in cases where the node B allocates the UE its full requested TFC. The TFC selection algorithm was simulated in several fading channels at representative pathloss values, as derived in Figure 1, which shows the distribution of uplink pathloss for the primary radio link according to the system simulation assumptions given in Table 2. In Figure 2, the percentage of incorrect predicted TFCs are shown in relation to mean pathloss for a number of fast fading channels. As expected, incorrect TFC prediction is not a significant issue for those UEs that are well within the cell with a low pathloss; these are not power limited. About 10% of UEs will incorrectly report the predicted TFC when they are power limited for greater than 10% of the time. The worst case effect of incorrectly predicted TFCs is shown in Figure 3, which shows (i) The worst case mean wastage of system resource due to TFC over-prediction and (ii) The mean loss in UE data rate, resulting from under prediction. 
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Figure 1 Cdf of pathloss values in a macrocellular environment
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Figure 2 Percentage of incorrect TFC predictions as a function of pathloss
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Figure 3 Losses due to predicted TFC errors in the power limited case (left) Lower UE data rates due to under-predicted TFC (right) Loss in UL resources due to over-predicted TFC.

It should be noted that these estimates of TFC prediction performance are worst case since:

· They assume that the UE is always power limited

· They assume that the scheduler always grants the requested TFC to a UE

The results indicate that the scheduler should treat predicted TFC reports for UEs experiencing large pathloss values with a little more caution to avoid wastage of cell resource. However for the majority of UEs, incorrectly predicted TFCs should not cause significant performance loss even in this worst case.

Data Limited Case

The data limited case occurs when there is sufficient UE transmit power to support a requested TFC, but the contents of the UE buffer change between the predicted TFCI transmission and reception of the node B scheduling command. Changes in the UE buffer occur as a result of the arrival of further data from the application. Such changes are most likely to occur for NRT video traffic, where the mean time between packets is 11msec and is less likely for gaming, where the mean inter-arrival time is 40msec and FTP.

The effect of such inaccuracies is very much dependent upon the scheduling policy; the UE will, of course take account of the newly arrived data in the following predicted TFC calculation in order that the data can be scheduled. Thus as long as the scheduling period is sufficiently short, under-reporting of the predicted TFC for this reason should not be significant. Under-predicting the TFC should not lead to any loss in cell throughput if the system is not lightly loaded.

4. Transmission strategies for UL predicted TFC signalling

As with any signalling, it is of importance to keep overhead for reporting UL scheduling information to a reasonable level. To this end, the frequency, information size and format of the signalling is of importance

Frequency of predictive TFCI signalling

A predicted TFCI may be reported:

1. Each TTI

2. Every Nth TTI

3. On demand

4. When the predicted TFCI changes

5. When the predicted TFCI exceeds a certain level 

Advantages and disadvantages of these options are outlined in Table 1. Of these options a combination of (4) and (5) seems the most promising since the signalling is only transmitted when large noise rise may be allocated to the UE and accurate prediction of noise rise is more important and since if the UE is able to support a large TFC it is also more likely to have sufficient transmit power to support the signalling bits.

	Frequency
	Advantages
	Disadvantages

	Each TTI
	Highest accuracy
	Largest signalling overhead

	Every Nth TTI
	Lower signalling overhead compared to every TTI
	Increased risk of TFC changing due to power and buffer size fluctuations

	On Demand
	Accuracy can be as good as every TTI method

Lower signalling overhead compared to every TTI
	DL signalling required

	When the predicted TFC changes
	Accuracy can be as good as every TTI method

Lower signalling overhead compared to every TTI
	Variable signalling overhead

	When the predicted TFC exceeds a certain level
	Lower signalling overhead compared to every TTI
	Accuracy reduced depending on threshold. Variable signalling overhead


Table 1 Advantages and disadvantages or reporting methods

Size of predictive TFCI signalling

The size of predictive TFCI signalling may be:

· A TFCI codeword, as for the actual TFC

· A TFCI codeword based on a subclass of TFCI, requiring fewer bits (i.e. a quantised TFC)

· A differential between the actually used TFC and the predicted TFC

Format of predictive TFC signalling

A detailed description of appropriate coding format and link level performance is beyond the scope of this discussion paper. However one interesting point to note is that the TFCI encoding scheme currently allows 10 bits for TFCI, some of which are set to zero if the TFCI requires less than 10 bits. One possibility may therefore be, rather than effectively wasting power to specify a combined TFCI word for EUL that specifies both the actually used and the predicted TFC. Obviously the availability of these bits depends on the final structure of the E-DCH and other channels.

6. Conclusion

A “predicted TFCI” method has been discussed for supporting EUL scheduling. The method has the advantages that it re-uses existing TFC selection algorithm, and that the quantisation of the UL information is relevant to the operation of the node B scheduling and UE data rate selection. The use of the TFC selection algorithm for predicting future data rate requirements ensures that as far as possible, the node B is aware of actual likely selected data rates once scheduling has been performed.
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8. Simulation Assumptions

	Parameter
	Value

	
	

	Cell Layout
	Hexagonal, 3 sector

	Site to Site Distance
	2800m

	Antenna Pattern
	70 degree, 20dB FTB

	Propagation Model
	128.1 + 37.6 log(R)

	Slow Fading
	8dB

	Correlation between sites
	0.5

	Carrier Frequency
	2000MHz

	Node B antenna gain+cable loss
	14dBi

	UE antenna gain
	0dBi

	UE EIRP
	21dBm

	Uplink System Noise
	-102.9dBm

	EUL Noise Rise
	6dB

	Power Control
	Perfect

	Scheduling update period
	10msec

	TFCS size
	13


Table 2 Simulation assumptions











































