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1. Introduction

One of the main elements of the Enhanced Uplink feature is Node B based allocation of noise rise, called “Node B scheduling”. Node B scheduling effectively gives the Node B autonomy to vary the maximum data rate for UEs in its cell according to their transmit power situation, their data rate requirements and the overall cell noise rise. In previous releases, the ability to restrict UE data rates was restricted to the RNC and the advantage of moving to a Node B based scheduling is that faster reaction to changing radio and UE buffer conditions increases air interface utilisation.

A drawback of Node B scheduling though is that the Node B scheduler is less able to take system level considerations into account. There may be several ways to improve this situation, including:

· Transmit information to the Node B scheduler on the UL pathloss to the terminal. The scheduler may then assume that UEs with a high UL pathloss are near to the cell edge and hence are more likely to contribute interference to other cells

· Allow multiple Node Bs to schedule terminals that are near to the cell edge (for example, those in soft handover), in order that a UE based algorithm can be specified that takes into account scheduling information from multiple Node Bs

· Allow the UE to transmit information to all of the Node Bs in its active set to indicate its forthcoming TFC restriction [3]
The first of these two options allows for the Node B to schedule lower rates to terminals that are more likely to cause unplanned noise rise in other cells. However such a scheduling policy would not be consistent with an aim to maximise coverage and fairness. The option involves some additional UL signalling.

The second option reduces unplanned noise rise by allowing multiple Node Bs to control the UE. Such a scheme would necessitate additional signalling in UL and downlink; in particular in the UL scheduling related information, such as buffer status and/or power overhead would need to be transmitted to all AS Node Bs. In the case of time and rate scheduling, multiple schedulers only really makes sense if a non conservative algorithm is used for combining the scheduling commands.

The third option may be combined with option (2), or operated with a single Node B scheduling. In this case, the gain of multiple Node B scheduling is that all Node Bs have some say in the amount of resources granted to the UE.

This contribution examines two types of Uplink Signalling, “predicted TFCI” and “assumed TFC limit” [3]. The predicted TFCI is a form of rate request by the terminal and is assumed to consist of 5 bits. The “assumed TFC limit” is used by terminals in SHO for indicating the TFC limit they will apply, in order that the Node Bs in the active set have the chance to re-allocate unused noise rise. It is assumed here that this information is also 5 bits, and is protected using a 16 bit CRC. 

To facilitate fast and up to date scheduling, it may be useful to place the scheduling information into a 2msec structure. We therefore assume that a 2msec TTI is used for transmitting both “predicted TFCI” and “assumed TFC limit”, which are multiplexed into E-DPCCH.

2. UL TX power requirements for signalling in SHO

Signalled scheduling information in soft handover terminates in the Node B and therefore does not benefit from macrodiversity gain. Furthermore, unlike dedicated channels that are in SHO, ideally power control for a Node B terminated UL signalling channel should follow the the UL channel relating to the particular Node B rather than the best in the active set. However it is assumed that the power for such a signalling channel would be set in a similar manner to HS-DPCCH; i.e. using a fixed power offset from DPCCH.

“Predicted TFC” may need to be transmitted to a single Node B if a single scheduler is used or all scheduling Node Bs. “assumed TFC limit” will need to be transmitted ot all Node Bs. Figure 1 illustrates the UL pathloss for all radio links assuming that SHO is enabled with 2 or 3 links in the active set and a threshold of 6dB, and hence relates to pathlosses encountered when transmitting signalling to multiple Node Bs. Also shown in the figure is the pathloss distribution for the best DL Node B. Figure 2 and Figure 3 illustrate the percentage of terminal transmit power that is required for maintaining Ior/Ioc at some of these pathloss values. From the figures, it can be seen that:

For the “predicted TFCI” message

· Around 97% of terminals can support EbNo of up to 5dB using less than 10% of their transmit power. (Around 80% will require less than 1%)

For the “assumed TFC” message

· In the case of a single scheduling Node B, …

· In the case of multiple schedulers, 90% of terminals can support EbNo up to 5dB using 10% of their transmit power. (Around 60% require less than 1% TX power)

The following observations are made:

· Coding schemes for UL signalling information should be designed sufficient to operate with EbNo <5dB; in this case the effect on all but the most power limited UEs should be manageable.

· The coding scheme should take into account that power control will not follow the worst case radio link and hence is not optimal for controlling the power for all Node Bs. This is a similar situation to HS-DPCCH.

· The 3% of UEs for which the TX power requirement is too high will suffer increased BLER on the signalling information on their worst radio link; however the information may well reach other scheduling Node Bs.

· To minimise signalling overhead, transmission of predicted TFCI should be minimised; e.g. the predicted TFCI may be transmitted when it changes or when it exceeds a certain value.

· For UEs that are power limited, a time-rate scheduler should attempt to avoid allocating a significant data rate in a TTI during which an “assumed TFC” transmission is to be made
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Figure 1 cdf of worst case UL pathlosses considering terminals in SHO and non SHO

[image: image2.emf]0

10

20

30

40

50

60

70

0 5 10 15 20

EbNo (dB)

Percentage of Terminal Power

PL -130dB

PL -135dB

PL -140dB


Figure 2 Achievable EbNo for cell edge terminals for the 21 bit “assumed TFC” message
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Figure 3 Achievable EbNo for cell edge terminals for the 5 bit “predicted TFCI” message

3. Effect of SHO signalling on UL noise rise

Since the UL signalling should be useful for all radio links in the active set, but different radio links will have differing instantaneous pathlosses, the noise rise resulting in cells with good UL radio conditions from the signalling should be considered. Such cells will experience higher EbNo than required, which will lead to unnecessary noise rise. Figure 4 indicates the percentage of a UL noise used by the signalling channels. The following observations are made:

· The “predicted TFCI” channel can allow for a proportion of terminals to be received with EbNo up to 15dB (i.e. 10-15 dB higher than planned) without significantly affecting the UL noise.

· The noise effect of the “assumed TFC” signalling is more significant; however if time-rate scheduling with a low number of grant channels is used and the amount of such transmissions is minimised, then the effect should not be significant. 
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Figure 4 Percentage UL noise resulting from signalling channels

5. Conclusions

· UL “predicted TFCI” and “assumed TFC” signalling for supporting multiple Node B scheduling or single Node B scheduling should be feasible as long as a coding scheme is defined that operates satisfactorarily with <5dB EbNo, considering a non optimal power control.

· Even if multiple Node B scheduling is not used, other Node Bs in an AS can receive the “assumed TFC” signalling in order to better plan their own scheduling with an enhanced knowledge of intercell interference levels.

6. 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

	SHO threshold
	6dB

	Coding for signalling channel
	Convolutional, Rate 1/3, Constraint length 9 as 25.212

	Contents of signalling channel
	“predicted TFCI” 5 bits

“assumed TFC limit” 5 bits+16 bit CRC

	Spreading factor for signalling channel
	128

	Noise Rise
	6dB
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