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1. Introduction

Currently the UE can support up to 6 radio links in an active set [1]. It was proposed [2] to set the maximum active set for E-DCH as 3 so as to reduce the UE hardware complexity. But we believe that limiting the E-DCH active set size to 3 would degrade the system performance as discussed and shown in previous contributions [3-4]. In joint adhoc meeting on EUL and MBMS in Sophia Antipolis it was agreed that interested companies shall investigate the impact of different E-DCH active set sizes on the uplink interference [5]. This document provides results along these lines. 

2. Background

The E-DCH active set defines the set of cells that can control the uplink resource allocation by sending absolute and relative grant messages on E-AGCH and E-RGCH channels respectively, to the UE. Serving E-RGCH can send Up, Down and Hold commands, whereas non-serving cell can send only Down and Hold commands. Since cells cannot coordinate on fast basis due to delays on interfaces (e.g. Iub) therefore 
‘Down’ command is the only viable way to control the uplink interference. Therefore our main concern is that a small E-DCH max active set size could prevent heavily interfered cells outside the E-DCH active set from taking part in the scheduling process, which in turn would cause excessive UL interference to those cells. 

3. System Model

The study is based on static simulation implying users’ position is determined at the start and they remain stationary throughout simulation. This means the dynamic effects such as abrupt path gain changes, are not considered. If such effects were included, even higher interference levels would result. The focus is on potential interference contributions from UEs, which the cell cannot control, and how this varies over the service area in realistic deployments. As an example the service area is taken from a real network in a city.
3.1 Enhanced Uplink Model
There are only E-DCH users in the system. The E-DCH data rate (actually the maximum power offset from DPCCH) of enhanced uplink users is under the control of the cells in the active set. 

Active Set Assignment:

The serving cell assignment and active set compilation of the UE are based on CPICH RSCP. This means that with maximum active set size ASmax, the cell with best CPICH RSCP is considered serving cell, and the next ASmax –1 cells are also members of the active set. 

Radio Resource Allocation:

It is assumed that the radio resource management in Node B aims at maintaining an uplink noise rise of up to (max by allocating power offsets to users. A certain margin is typically required to allow for some inter-cell interference, which is out of control from the Node B perspective. This can be expressed as an expected inter-cell interference Iinter to intra-cell interference Iintra ratio F (uplink expansion factor). The remainder of the available resources at each Node B are allocated evenly to the n UE’s connected to the same serving cell. The resource allocation to the UE in focus is further restricted by the UE maximum transmission power pmax. Thus, the simplistic model of critical uplink inter-cell interference at a specific cell used in this study states that we only need to worry about the interference from UE’s, which do not have the specific cell in the active set. This means that it is assumed that all cells in the active set are capable of controlling the UE uplink resources. 

Performance Criterion:

The focus of this study is on the interference contribution from one potential UE to the first cell to be excluded from the active set due to the limited active set size. The interference contribution is normalized to the maximum total uplink interference in a cell. This ratio is denoted Fractional Uplink Load Contribution (FULC). Figure 1 illustrates the meaning of FULC.

	

	Figure 1. Illustration of the Fractional Uplink Load Contribution (FULC)


The quantity FULC is sufficiently well related to the active set size limitation. Both average FULC and FULC CDF are of interest. The former indicates the average impact from limiting the active set size, while the latter relates to how often a critical contribution may be encountered. Therefore number of users can have the same cell as the best cell outside the active set size, therefore several users in the same cell can contribute to the total FULC since FULC is measured per user
. Obviously, FULC is not the only contributor to the total uplink interference at the base station. As usual, a cell receives all type of interference, i.e. interference from its own cell and also from UE in other cells (even if they receive relative grants from the cell under consideration). Therefore, FULC contribution is considered critical, if FULC ( 0.1. 

A high FULC must be taken into account when dimensioning the system. The only way to do this is to include even larger interference margins in the scheduler. Thus instead of operating at say 7dB noise rise, the scheduler target must be reduced to some 5dB to ensure good system performance, leading to a significant reduction in capacity. If the scheduler target is not reduced, a coverage loss or a power rush may result.

Table1 lists some typical radio interface and traffic parameter values used in this study.

Table 1: Important system parameters

	Parameter
	Value

	Max noise rise [dB]
	(max = 7 dB

	UE max power
	pmax  = 21 dBm

	Uplink F
	F = 0.6

	No of E-DCH users/cell
	n = 3 or 1


3.2 Network Deployment Model
A real network deployed in a city has been used for this study. This network bears a challenging environment with varying terrain elevation, and its site permit problems due to buildings. It constitutes both a realistic and challenging network, and therefore it serve as a good basis for investigating the impact from active set limitations. The exact elevation of the high-rise buildings is not taken into account but hilly terrain areas are captured. Furthermore, feeder loss and antenna tilt are modeled as in the real network. The dynamic effects such as abrupt path gain changes and corner effects are not considered. At this point we would like to stress that by excluding dynamic effects and high-rise buildings, the interference situation has been significantly improved. Without these limitations, the interference contributions from uncontrolled UEs would be clearly worse.

3.3 System Results: Uplink Interference
As discussed before, here the focus is on cells outside the active set, since they have no means to affect the inter-cell interference from those UE’s. In particular, the focus is on the impact of the cell with ASmax + 1 best CPICH RSCP, i.e. the cell that is interfered by, but not able to control the UE, and that would have been able to control the UE if the maximum active set size were one position larger. Figure 2 shows the location of critical interference contributions for 3 users/cell (blue) and 1 E-DCH users/cell (red). 
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Figure 2: Spatial distribution of the critical interference contributions for 1 user/cell (red) and 3 users/cell (blue) 

Figure 3 provides relative differences in Fractional Uplink Load Contribution (FULC) over the service area between different E-DCH active set size limitations. The areas represented by any colour other than navy blue, are hit by critical uplink interference (i.e. FULC ( 0.1). The figure shows the decrease in FULC with the increase in the E-DCH active set size. With E-DCH active set size = 4, the areas affected by critical FULC are considerably reduced. 
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Figure 3. The spatial view of FULC for different E-DCH active set size limitations
The spatial distributions of the interference shown above are quantified in Table 2. The table summarizes the average FULC and probability (FULC ( 0.1) for the above two cases: 1 and 3 E-DCH users/cell. The average impact is small when limiting the active set size to 3 especially in scenario with 3 users/cell. 
This is because mainly areas comprising of hilly terrains, sharp corners, etc are significantly affected by FULC as shown in figures 2 and 3. But such areas are not negligible. Table 2 shows that in single user case and with active set size 3, about 25% area is affected by the critical interference. Single user scenario is both realistic as well as interesting as it maximizes the system throughput by exploiting the channel dependent scheduling. Critical interference is reduced by 8% when increasing the active set size from 3 to 4. Further increase in active set size up to 5 reduces the affected service area by 16% compared to the scenario with AS size = 3. Such an improvement is significant since FULC affected areas contribute to throughout loss and dropping of radio links. Furthermore, user mobility, abrupt path change at the sharp corners and other propagation factors such as high buildings were not included in this study. This means in reality the interference situation will be much worse.  

Table 2. Statistics of FULC for different E-DCH AS size: 3 and 1 E-DCH users/cell 

	
	3 E-DCH users/cell
	1 E-DCH user/cell

	Max E-DCH AS
	E(FULC)
	P(FULC ( 0.1)
	E(FULC)
	P(FULC ( 0.1)

	1
	0.10
	0.33
	0.29
	0.62

	2
	0.05
	0.12
	0.14
	0.38

	3
	0.03
	0.05
	0.09
	0.25

	4
	0.02
	0.02
	0.06
	0.17

	5
	0.01
	0.01
	0.03
	0.09


4. Conclusion

This study investigates the impact of different E-DCH active set size limitations on the uplink interference. Static simulation is performed in a service area representing a real city network. Performance criterion is the Fractional Uplink Load Contribution (FULC), which is the interference contribution from the UE to the first cell to be excluded from the active set (best cell outside AS). 

The analysis indicates that for single user case and with active set size 3, around 25% service area is affected by the critical interference. By increasing the E-DCH active set size to 4 and 5, the area of critical interference is reduced by 8% and 16%, respectively. Thus even with 5 active set size 9% area is hit by the critical interference. We therefore believe this improvement in critical interference by increasing E-DCH active set size beyond 3 is significant as otherwise in some areas there will be severe system degradation in real operation. Only hilly areas were considered, whereas user mobility, sharp contours and building were not included in the service area. The investigated network is not unique in any sense. It is characterized by a cell plan where several locations have many cells with similar average path losses. Such networks are in fact quite common in reality, although not in a system simulator with a hexagonal cell pattern. An additional example of such a network was reported in [4]. This means worse performance is expected in real network. 

Based on this study we conclude E-DCH active set size =3 is too limited. We therefore propose to keep the same active. We therefore propose that E-DCH active set size is kept the same as specified in 25.133 [1], i.e. 6. 
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Annex A: Spatial Distribution of Critical Interference
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Figure A.1. Spatial distributions of the critical interference contributions for 3 E-DCH users/cell and different active set size limitations
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Figure A.2. Spatial distributions of the critical interference contributions for 1 E-DCH users/cell and different active set size limitations
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