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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 B

· Allow SHO UEs to transmit information to all of the Node Bs in their 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 the case of time-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.

In order not to impact downlink capacity, the overhead required for signalling requires careful study. This paper contributes some downlink signalling overhead signalling estimates under the assumption of a time and rate based scheduling system with a low number of grant channels. 

2. Downlink geometry for terminals in soft handover

Figure 1 indicates DL geometry distributions for first, second and third radio links and was generated according to the simulation assumptions given in Table 1. The figure depicts the cumulative percentage of total users experiencing a geometry of XdB or worse on a particular radio link. Thus in the case of the third radio link, the curve peaks at around 8% since only a limited number of terminals are involved in 3 way SHO. It can be seen that:

· Around 7-8% of all terminals have a second or third radio link with a geometry of worse than –6dB

· Around 4% of terminals have a third radio link with a geometry of worse than –9dB

· The worse case limit for geometry for the third RL is around –12dB.

· Around 5% of terminals have a first radio link geometry worse than –6dB.

Figure 2 indicates a cdf for the C/I, including second and third radio links. This scenario applies when multiple Node B scheduling is used, or when the scheduling Node B is not selected to be the Node B with the best downlink pathloss. If a single scheduling Node B with the best DL pathloss is used, then the geometry distribution is equal to that of the first radio link.
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Figure 1 Downlink geometry distributions for the first, second and third radio links for terminals in SHO
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Figure 2 Cumulative distribution of worst radio link C/I for multiple schedulers

3. Supportable EbNo for second and third radio links

Based on the above geometry curves, supportable EbNo values were calculated for a downlink scheduling signalling channel. The following assumptions were made in calculating EbNo values:

· The signalling channel consists of a 2msec transmission interval, similar to HS-SCCH in HSDPA

· 5 information bits are used for identifying TFC restrictions instructed by the Node B scheduler. A further 16bit CRC is included, which is masked according to the UE-ID. 

Figure 3 indicates achievable EbNo values based on the above assumptions at geometries of –3 to –12 dB. (The target error rate is 1%). 

Multiple schedulers:

To achieve a reasonable DL performance at a geometry of –12dB would require EbNo of less than 0dB and is plainly not realistic. In the range 2-4dB EbNo, supporting geometries of down to –9dB would require in this worst case 5% of the Node B power, and would cover all radio links except the 3rd radio link for 4% of the terminals. 

Single scheduler: 

Around 5% of terminals experience geometry worse than –6dB and need more than 2.5% of Node B power for 2-4dB EbNo.
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Figure 3 Achievable EbNo for 2msec HS-SCCH like DL signalling channel

It should be noted that DL power control commands will be based on the DCH, which may be in soft handover. In the soft handover case, the DL TPC will not be optimal for setting EbNo individually for the grant channels. This is similar to the situation for HS-SCCH when the DCH is in SHO. To assess the overhead of the DL signalling channels, simulations were carried out with the assumption that the Node Bs are able to derive the average power level to a UE, but not to track the fast fading. Thus EbNo requirements were estimated under the assumption of no fast power control, but known mean power.

Figure 4 shows performance using 1/3 rate convolutional coding; based on this assumption and those in Table 1. The required EbNo for 1% BLER is approx. 4dB. It can be seen that covering geometries down to –9dB requires approximately 5% of Node B power in the worst case, whereas –6dB geometry requires 2% of Node B power.
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Figure 4 DL signalling performance using 1/3 convolutional coding

4. Discussion

The following considerations should also be taken into account in evaluating the above results:

· The figures shown relate to worst case Ec/Ior estimates for terminals near to the cell edge. Since terminals will be distributed across the cell and the Node B scheduler will over time signal rate restrictions to all of the terminals, the mean Ec/Ior usage will be much smaller than this worst case. Figure 5 indicates a cdf of Ec/Ior requirements when (i) The Ec/Ior level is related to the DL geometry and (ii) a limit of –13dB is set on the Ec/Ior and the demodulation performance is as indicated in Figure 4. The figure indicates that:

· With multiple schedulers, around 8% of terminals require Ec/Ior greater than –15dB (3% of Node B power), and <2% would require >-13dB. The mean Ec/Ior is –19.6dB.

· With single scheduler, no terminals require more than –15dB Ec/Ior. The mean Ec/Ior is –22.5dB.
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Figure 5 CDF of  Ec/Ior values when Ec/Ior is related to dowlink geometry and an Ec/Ior limit of –13dB is set

· For time-rate scheduling, a relatively low number of grant channels can be allocated [4]. Furthermore, if a 2msec TTI grant channel is used, grant channels may be time multiplexed.

5. Conclusions

The results indicate that single Node B time-rate scheduling is easily feasible using:

· A 2msec HS-SCCH like grant channel

· A relatively low number of grant channels

Also, multiple Node B scheduling or scheduling using a Node B that does not have the best DL pathloss is feasible. 

In the case that UL signalling indicating assumed TFC in SHO [3]  is used, multiple Node B scheduling is of limited necessity since the Node Bs in the active set will be aware of the scheduling allocation to the UE. However if no such signalling is adopted, some form of multiple scheduling may be required to avoid unpredictable high processing/interference loads at the non scheduling Node B

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

	Fast Fading Channel
	ITU Vehicular A, 3km/h

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

	Contents of signalling channel
	21 bits: 5 bit TFC restriction, 16 bit CRC/UE identity

	Spreading factor for signalling channel
	128


Table 1 Simulation assumptions
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