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1 Introduction

Several companies have submitted simulation results to RAN4 on coexistence between a 5MHz E-UTRA FDD interferer network and a UTRA FDD victim network in uplink (UL). The simulations are performed for two different Power Control (PC) parameter sets as defined in [1].  The results collected in [2] demonstrate that high ACIR requirements are required for this coexistence scenario when PC Set 1 is used. Such requirements are much more relaxed for PC Set 2, due to the lower power used by LTE UEs [3]. A few inputs to RAN4 suggest additional measures to mitigate the impact of E-UTRA UL interference on the UL capacity of UTRA for PC Set 1.

The method proposed in [4] requires assumptions/restrictions respecting radio resource allocation to active UEs by suggesting a frequency domain scheduling. The scheme considered here can provide some mitigation in a coordinated network deployment, where both WCDMA and LTE channels are control by the same operator. However, it is questionable whether this measure will work for an uncoordinated network deployment, where the two adjacent channels belong to different operators. It should be noted that the RAN4 coexistence studies consider such uncoordinated case.  
The scheme in [5] concentrates on the PC parameters and suggests a power offset to the PC Sets 1 and 2. It concludes when reducing the Tx power of UEs by 6dB compared to the value suggested by PC Set 1, the ACIR requirements for the coexistence case considered above will be relaxed by 6dB, based on RAN4 modelling. This is at the cost of the cell mean throughput which decreases by 8%.
This contribution presents a different approach to mitigate the impact of E-UTRA UL interference on the UL capacity of UTRA. Similar to [5], we consider just the PC parameters and avoid any restriction on the algorithms for the allocation of radio resource to UEs in UL.  However, in contrast to [5], the approach tightly controls the inter-cell interference and limits only the Tx power of those UEs which really cause the main portion of interference to the victim network. The approach combines in fact the advantages of PC Set 1 and PC Set 2. In addition to improvement of the E-UTRA network performance, it provides a powerful measure to improve the coexistence performance of E-UTRA network with UTRA.
2 Improved power control modelling for E-UTRA 

2.1 Idea behind the improved algorithm
Contribution [6] to RAN1 proposes a scheme for a tight control of inter-cell interference based on closed loop power spectral density (PSD) control. The scheme uses an explicit layer 1 based uplink load indication in terms of Interference over Thermal (IoT) for the interference management algorithm and envisages two objectives:

· Means to reduce inter-cell interference

· Scheduler flexibility to allocate bandwidth to different users

In this contribution, we apply the main idea in [6] to RAN4 coexistence studies and adapt it to RAN4 assumptions, i.e. open loop power control (OLPC) and fixed amount of RBs to be allocated to each UE. 
The proposed scheme is basically based on a target C/I for each user and a target IoT threshold measured at the neighbour BS. Different target C/I values are set for different UEs depending on their location in the cell and the target Interference over Thermal (IoT) operating point. In this manner, higher target C/I are set for interior users and lower target C/I for the cell edge users. Thus, the cell edge users will transmit less power to keep the overall interference level within a target operating point. The path loss difference between the serving cell and the strongest neighbour cell is used to asses the user location. If the path loss difference is higher, the UE is considered more interior. Vice versa, if the path loss difference is lower, the UE is considered farther from the serving base station site.
2.2 Description of the algorithm
The following relations are used for the E-UTRA uplink power control in coexistence simulations. The Tx power of each schedule UE will be calculated in the following 4 steps.
1) Calculate 
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2) Calculated target SINR for each scheduled UE,
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3) Calculate the Tx power for each scheduled UE,
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4) Adjust the Tx power for each scheduled UE according to the restriction of maximum UE Tx power and minimum UE Tx power,
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The parameters used in the above relations are defined below: 
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Path loss between the serving BS and the considered UE.
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Path loss between the strongest neighbour BS and the UE.
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 Path loss difference between 
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Target SINR for each UE for open loop power control.
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Maximum SNIR at which max throughput is reached,  as defined in 
Annex A.1 of [1].
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Minimum SNIR of the codeset, as defined in Annex A.1 of [1]. 
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Predefined path loss difference threshold.
0<(<=1:

Balancing factor for UEs with high target SINR and UEs with low 
target SINR
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Target IoT operating point demonstrating the expected system 
loading
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Thermal noise in the allocated bandwidth to the scheduled UE, 

1.5MHz (4 RB) for 5MHz bandwidth system, 3MHz (8RB) for 
10MHz bandwidth system
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Maximum transmit power and 
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is the minimum transmit power.
In the proposed OLPC algorithm, if the path loss difference 
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, the UE will be considered to be very close to BS geographically and the target SINR will be set to maximum SINR.

The parameter sets for power control are specified in Table 1. 

Table 1: Power control algorithm parameter
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	1
	100 (20dB)
	3.16 (5dB)


3 Performance of 5MHz E-UTRA UL
Table 2 shows UL performance of the 5MHz EUTRA network for PC Set 1, PC Set 2 and the OLPC algorithm suggested.
Table 2:  Performance comparison among different OLPC algorithms
	
	PC Set 1
	PC Set 2
	Prop. OLPC

	Average user throughput (b/s/Hz)
	0.509
	0.513
	0.6485

	5% C.D.F user throughput (b/s/Hz)
	0.195
	0.122
	0.129

	BS average IoT (dB)
	16.1
	7.5
	4.9

	Percentage of 0 b/s/Hz user
	0.03%
	1.95%
	0.02%


Based on simulation results, we can draw following conclusions:
· The average user throughput of proposed OLPC algorithm is much higher compared to the other two OLPC algorithms.

· The 5% C.D.F user throughput of the proposed OLPC algorithm is better than that of PC Set 2, but lower than that of PC Set 1.

· The BS average IoT for the proposed OLPC is much lower compared to the other two algorithms, in particular compared to PC Set 1. That means the system is more stable under the proposed OLPC.
· The percentage of 0 b/s/Hz user resulting from the proposed OLPC algorithm is 0.02%. This is in the same order as that resulting from PC Set 1 but much less compared to that resulting from PC Set 2. I.e. in the case of PC Set 2 there are more active users which can’t be served (in “outage”). 
In summary it can be claimed that the proposed OLPC algorithm performs better than the OLPC algorithms investigated by RAN4.
Figure 1 shows the CDF of the UE Tx power for different OLPC algorithms. The proposed OLPC results in a small increase in the UE Tx power compared to PC Set 2. It should be noted that the CDF doesn’t show the correspondency between the location of the UEs in the cell and their Tx power. Furthermore, it can be observed from this figure, that the UE Tx power in the case of the proposed OLPC is by far less compared to PC Set 1.
[image: image24.emf]-30 -20 -10 0 10 20 30

0

10

20

30

40

50

60

70

80

90

100

UE Tx Power(dBm)

C.D.F (%)

PC set 2

PC set 1

QC OLPC


Figure 1: UE Tx power distribution
The impact of UE Tx power control algorithm on the BS average IoT is depicted in Figure 2. It can be seen from the figure that the proposed OLPC and PC Set 2 behave very different in terms of the management of inter-cell interference manifested in the BS average IoT. 
As mentioned before, the proposed scheme limits only the Tx power of those UEs which really cause the main portion of interference to the neighbour cells. It allows the interior UEs to transmit with maximum power, but prevents most of the cell edge UEs from transmitting with maximum power. It rather allows such UEs to transmit with an appropriate Tx power to sustain a minimum throughput. On the other hand, Figure 2 (and Table 2) demonstrates that the average BS IoT for PC Set 1 is much higher (about 16.1 dB) compared to that for the proposed OLPC. 
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Figure 2: BS average IoT distribution
4 Coexistence between 5MHz E-UTRA and UTRA in UL
We analysed the coexistence between a 5MHz E-UTRA FDD interferer network and a UTRA FDD victim network for the three OLPC algorithms. The simulation methodology and assumptions are according to [1] agreed by RAN4. The results in terms of capacity losses of UL UTRA for various ACIR values are listed in Table 3. In addition, the results are graphically represented in Figure 3.
Table 3: UTRA uplink capacity loss
	ACIR shift (dB)
	PC SET 1
	PC SET 2 
	QC OLPC 

	-10
	
	30.9%
	31.7%

	-5
	
	9.8%
	9.3%

	0
	49%
	3.3%
	3.6%

	5
	14.2%
	1.2%
	1.2%

	10
	4.9%
	
	

	15
	1.8%
	
	


The capacity loss results for PC Set 2 and the proposed OLPC algorithm are very similar, as could be anticipated. The UTRA capacity loss for ACIR = 33 dB is in the order of 2%. Because the ACIR is dominated by the UE ACLR, this translates into 2% capacity loss for UE ACLR= 33 dB. To achieve the same UTRA capacity loss for PC Set 1, there is need for a UE ACLR (ACIR) in the order of 44.5 dB. The difference between UE ACLR values for PC Set 1 and the proposed OLPC algorithm is in the order of 11.5 dB, which approximately corresponds to the difference between the IoT of the two schemes.
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Figure 3: UTRA UL capacity losses caused by interference from E-UTRA
5 Discussions and Conclusion

In this contribution, we proposed a new OLPC algorithm for RAN4 coexistence studies. We compared the UL performance of a 5MHz E-UTRA network using the proposed OLPC algorithm with E-UTRA performance based on PC Sets 1 and 2 studied in RAN4.

The results show that proposed OLPC outperforms PC Set 2 respecting all performance metrics considered, namely average user throughput, 5% CDF user throughput, BS average IoT and percentage of active users with 0 b/s/Hz. Besides 5% CDF user throughput, the proposed OLPC outperforms PC Set 1 in other performance metrics. The main reason for this result is a much tighter control of inter-cell interference in terms of average BS IoT by the proposed OLPC.

In addition, the proposed OLPC outperforms PC Set 1 in terms of coexistence with a victim UTRA FDD network operating in the adjacent channel. Assuming a target average BS IoT = 5 dB, the UE of a 5MHz E-UTRA system, which applies the proposed OLPC, requires 33 dB ACLR, in order to cause no more than 2% UL capacity degradation in an adjacent UTRA system.  Whereas a 5MHz E-UTRA system using PC Set 1 requires a UE ACLR of 44.5 dB in order to achieve the same performance.      
It should be noted that in an OLPC there is need for a search to select the “optimal” open-loop setting, as performed before for PC Sets 1 and 2, and we did for the proposed OLPC. However, it may not be possible in reality to land on the perfect open loop setting. Therefore, a closed loop power control (CLPC), e.g. the one proposed in [6], will make the system to converge to optimal network setting. In addition, OLPC will not be flexible enough to fit dynamic loading changes or scheduler changes in the system. In summary, with CLPC more accurate IoT control can be achieved and the UEs final C/I can be made much closer to their target C/I.
Nevertheless, we used in this input, the simple modified OLPC in order to evaluate the RF performance of LTE for the case of inter-system interference in a rapid way and not to delay the decision process within RAN4. However, it should be emphasised that an only OLPC will not be sufficient for a realistic system and is not enough to evaluate the overall system performance.
We will provide very soon results for IoT = 6 dB used in UTRA UL coexistence studies. 
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