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1
Introduction
In [1], we had presented a qualitative discussion on potential inter-cell interference impact due to E-DCH transmissions at neighbour cells in CELL_FACH state due to lack of macro-diversity. In this contribution, we provide an analysis of this impact based on both field log traces as well as system simulation study.
Field Trace Analysis of RoT Impact at Neighbor Cells

We show the Rise Over Thermal (RoT) or Noise Rise (NR) impact if a UE continues transmission when using a shared E-DCH resource, even after the cell reselection criteria has been met. We show in Tables 1 and 2 the RoT impact obtained from two field traces, for different amounts of time that a shared E-DCH resource is used on the uplink. The RoT target is assumed to be 6 dB. It is also assumed that the UE is transmitting a 512 bit payload during the entire time that the E-DCH resource is allocated.

Figure 1 shows the Ec/Io trace corresponding to the data shown in Table 1. As the initial strongest cell (shown in black) dips below -14 dB (assuming that as the cell reselection threshold), the new strongest cell (shown in red) is a few dB stronger.
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Figure 1: Ec/Io Trace for one of the field traces
Table 1: RoT Impact for different cell update parameters and E-DCH resource times

	Cell Reselection Parameter (dB)
	E-DCH Resource Time (msec)
	Average ∆ Path Loss (Serving - Non-Serving) (dB)
	Average RoT Impact to Non-Serving Cell (dB)

	-14
	100
	4.98
	0.64

	 
	200
	9.20
	1.24

	 
	500
	8.83
	1.15

	-17
	100
	11.12
	1.81

	 
	200
	10.32
	1.55

	 
	500
	9.77
	1.39


Table 2: RoT Impact for different cell update parameters and E-DCH resource times

	Cell Reselection Parameter (dB)
	E-DCH Resource Time (msec)
	Average ∆ Path Loss (Serving - Non-Serving) (dB)
	Average RoT Impact to Non-Serving Cell (dB)

	-14
	100
	6.78
	0.75

	 
	200
	6.79
	0.76

	 
	500
	6.74
	0.75

	-17
	100
	11.55
	1.96

	 
	200
	10.88
	1.73

	 
	500
	10.33
	1.55


The average RoT impact at the neighbour cell was computed based on the following:

· Required Ec/Nt (determined from link simulations) for TBS = 512 bits in a VA30 channel

· Average ∆ Path Loss (Serving - Non-Serving) (dB)
· Computed from the field logs as above
· Desired Average RoT = 6dB at the neighbour cell.

The following example describes in more detail how the average RoT impact is computed.

Let Io/No be the RoT before the UE causes any impact.

 

Now let the UE cause Ec/Nt = K impact at the neighbor cell.

 

In this case, Nt for this user equals (Io+Ec) – Ec = Io (exact equality), i.e. the interference this user sees is the Io that exists in the absence of this UE.

 

Ec/Nt = Ec/((Io+Ec)-Ec) = Ec/Io = K

 

Hence, Ec/No/(Old RoT) = K

 

Say K = 0.2; Old RoT = 4

 

Ec/No = 0.2*4 = 0.8

 

New RoT = Old RoT + Ec/No = 4.8

 

(New RoT)/(Old RoT) = 10*log10(4.8/4) = 0.79dB which is non-negligible.

As can be observed in Figure 1 and Tables 1 and 2, using such an analysis, there is a significant RoT impact, which can cause spikes in RoT.

4
System Simulation Study

We have also performed a system simulation study to determine the impact caused due to continuing an E-DCH transmission due to lack of macro-diversity.

We used 21 cells with a 2-ring layout and wraparound where each cell is uniformly loaded with 60 UEs. The traffic of each UE is generated by a two-state Markov (ON-OFF) model where ON and OFF periods have an average duration of 200ms and 300ms respectively. During the ON period, a packet of size 300 bits is generated every 10ms. 

Table 3 lists the system network configuration parameters, while Table 4 lists the different transport blocks and, scheduled by the uplink MAC scheduler, along with their associated modulation and coding parameters.
Table 3: System Configuration Parameters
	Parameter
	Units
	Value
	Comment

	Total # Node-Bs
	
	7
	

	Cells per Node-B
	
	3
	Simulating a total of 21 cells

	Users per cell
	
	60  
	60 UEs per cell with bursty ON-OFF traffic

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	1000m
	

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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	BS Front-Back Ratio (
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	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	10dB
	

	UE Max Output Power
	dBm
	21
	

	BS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Enabled
	2 slot delay, 4% Error

	Channel Type
	
	PA3, PB3,VA30, VA120

[30 30 20 20]
	3GPP Mix

	Receiver
	
	Rake Receiver
	2 Rx antenna

	Node-B  Channel Estimator
	
	Realistic
	

	Scheduler
	
	Greedy Filling Proportional Fair
	

	Traffic Model
	
	Best effort 
	ON (200ms) – OFF (300ms), 12kbps

	TTI Duration
	[ms]
	2
	

	Simulation Duration
	s
	120
	With 30s warm-up


Table 4: MCS Table
	MCS
	Transport Block Size (bits)
	Modulation
	Target Number of Tx
	Number of codes
	Code Rate
	SF
	Instantaneous Data Rate (kbps)

(after Target number of Tx)

	1
	128
	BPSK
	4
	1
	0.33
	16
	16

	2
	256
	BPSK
	4
	1
	0.33
	8
	32

	3
	512
	BPSK
	4
	1
	0.33
	4
	64

	4
	768
	BPSK
	4
	2
	0.33
	2
	96

	5
	1024
	2xBPSK
	4
	2
	0.33
	2
	128

	6
	2048
	2xBPSK
	4
	2
	0.33
	2
	256

	7
	3072
	2xBPSK
	4
	2
	0.40
	2
	384

	8
	4096
	2xBPSK
	4
	2
	0.53
	2
	512

	9
	5120
	4xBPSK
	4
	4
	0.44
	4,2
	640

	10
	6144
	4xBPSK
	4
	4
	0.53
	4,2
	768

	11
	7168
	4xBPSK
	4
	4
	0.62
	4,2
	896

	12
	8192
	4xBPSK
	4
	4
	0.71
	4,2
	1024

	13
	7000
	4xBPSK
	1
	4
	0.607
	4,2
	3500

	14
	8192
	4xBPSK
	1
	4
	0.71
	4,2
	4096

	15
	9000
	4xBPSK
	1
	4
	0.781
	4,2
	4500

	16
	11000
	4xBPSK
	1
	4
	0.954
	4,2
	5500


In the following figures, BT refers to bursty traffic.
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Figure 2: RoT impact when UE transmits on E-DCH
Figure 2 illustrates the RoT impact due to the lack of macro-diversity. The blue and red curves were simulated without any restriction on the transport block sizes. In that case, the scheduler selected transport blocks from Table 4. It is seen that the average ROT increases by around 0.5dB. We have also considered the situation when the TB size is restricted to 2048 bits for all UEs. This restriction does not seem to help reduce the ROT if there is no macro-diversity as shown in Figure 2. The ROT variation is reduced with macro-diversity as expected.
The user and cell throughputs show variation among the scenarios considered above. We have assumed a packet dropping criteria at the traffic source such that a packet is dropped and not transmitted if its delay of exceeds 1 second. The purpose of doing this was to prevent full queue behaviour at the source and mimic the bursty nature of traffic in CELL_FACH. Therefore although the traffic source is same in all cases, the goodput is different due to this dropping. It should be noted that the increases in ROTs are not due to increased throughputs. This can be seen from Figure 3 and 4which shows the user throughput CDFs and fairness (normalized throughputs) respectively.
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Figure 3: CDF of user throughput
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Figure 4: Fairness Curve




5
Conclusions
An analysis was performed to study the impact of inter-cell interference in CELL_FACH state due to E-DCH transmissions, based on field log analysis as well as system simulations. The analysis performed here indeed suggests that inter-cell interference needs to be controlled at neighbor NodeB cells. The impact was observed even for the case when each user’s TBS was limited to 2048 bits. We request RAN WG1 to consider a suitable procedure to control the impact due to inter-cell interference. For those NodeBs that do not capable of IC-IC [2], a method such as that recommended in [1] could be considered.
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