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1. Introduction

As presented in [1] and in [6], a problem dealing with the UE minimum power in some close scenarios was already presented at the RAN4#26 and  RAN4#28 and has generated several LS between RAN4 and RAN2 see [2];[3].

The rationale of the problem resides in the fact that, even with the TPC inner loop, the UE power is too high and wastes uplink capacity.

 This problem may be encountered as well in non harmonised inter-frequency scenarios . Non harmonised means that the RRM of the different frequencies are not centralised and that no mechanism is possible between them. In this case, when getting further to the base station, the TPC inner loop increases the power to such an extent that it is too high for neighbour inter-frequency cell.

This problem may cause severe dead zone areas because a single UE may blind a base station and reduce considerably its system capacity.  Conversely, the base station may  blind the UE downlink.

Multiple concerns were already expressed by operators, and some findings are presented in this contribution. It could also be noted that the ref [4] has already pointed out , in a very accurate manner, this issue, outside of the 3GPP world with this introduction : "Even if this dynamic range can be as much as 70dB, the mobile may not be able to decrease its transmitting power low enough, i.e. below the minimum power level, and thus start interfering with other users and reducing the overall capacity of the system". 

2. Description of the problem

As a reminder, the problem identified could be summarized by the following observations :

In CDMA systems, uplink power control is an essential feature: the base station monitors the UE transmit power to ensure the received level is as close as possible to the level needed to meet the quality requirement for the user. If the mobile transmit higher than the level expected by the base station, the power received at the base station receiver for this user will be seen as an extra-interference for all other users.

The UE transmitter has a finite dynamic range: the transmitter has a maximum output power (which depends on the class of the UE) but also a minimum output power. From TS 25.101 specification, minimum output power should be below –50dBm. This dynamic range has been set to cope with most of the deployment scenarios.

However, in some particular propagation conditions, the UE may hit its minimum output power, notably in the following situations :

· IDLE to CELL_FACH/CELL_DCH transition. The UE transmit power is not yet monitored by the base station and the UE set its initial power using an open loop mechanism. If the initial power estimated by the UE is below its minimum output power, it is allowed to start transmission using the minimum output power as specified in TS 25.214. This represents a risk for the network since that power may be a strong interferer, which may lead to a significant quality and/or capacity degradation for the cell.

· CELL_DCH state Closer : When moving closer to the base station, less uplink power is needed and decreased down to the power floor even if TPC still demands to decrease uplink power.

Furthermore, in some particular propagation conditions, the UE may hit the minimum  power level sustainable by a base station in the following situation (see Figure 1 ) :

· CELL-DCH state Further : When moving further from the base station BS1, more uplink is demanded by the inner loop control. It is likely that the UE comes closer to another inter-frequency neighbour cell BS2. This latter cell may be “blinded” by the  ACLR impairments of the UE, therefore creating a dead zone area on the other frequency (UE’ loses link). This problem is particularly serious when :

· frequencies are operated by different operators,

· RRM are not linked so that any intra/inter frequency hard handover cannot be triggered.

3. Topology of realistic scenarios for close UEs

This section, details the scenarios where UEs too close from the Base Station will hurt, in a severe manner, its system capacity. 

2 scenarios are presented : the Macro cell and the Micro cell cases.

3.1 The  Macro cell scenarios :

Assumptions : 

Base Station NF: 5dB

Min Power for the UE : -50dBm

UE antenna gain (typical): 2dBi

BS antenna gain (typical for omni and trisector configuration ): 13dBi and 18dBi 
	Noise Rise 

(dB)
	BS Noise Figure (dB)
	Input level at the BS receiver (dBm)
	Interferer signal (dBm)
	UE antenna Gain (dBi)
	BS antenna Gain (dBi)
	Min Ue power (dB)
	Distance UE BTS (m)
	% of the system capacity used by this UE

	3
	5
	-100
	-103,0
	2
	13 (omni)
	- 50
	30.8
	~50%

	3
	5
	-100
	-103,0
	2
	18 (tri)
	- 50
	54,8
	~50%

	6
	5
	-97
	-98,3
	2
	13 (omni)
	- 50
	17.8
	~75%

	6
	5
	-97
	-98,3
	2
	18 (tri)
	- 50
	31,6
	~75%


Table 1 : Calculation of the free space distance in Macro cell scenarios
In this table, the free space distance [7] is calculated in case one UE, transmitting at – 50 dBm, will be received at the BS receiver at 3dB above the normal floor for 2 different cases: Omni and tri-sector BS antenna configuration. Capacity loss figures for 3 and 6 dB of Noise Rise are coming from the 7.2.2 of  [5] :

The interpretation of those results is straight forward: 

For an Omni antenna, there is a capacity loss of 50% for a user distant of  30.8 to 17.8 meters. This is typically the case of range for maintenance scenarios (people working on the roof).

For a Tri Sector antenna, between 31.6 and 54.8 meters, more than 75% of capacity loss are expected. This is typically the case for mirrors buildings as shown in the following drawing :  

                             
[image: image1]
Additionally, in this case, the tests are made for with the assumption that the MCL = 70 dB from the roof antenna to the bottom in the street. But there is no test for the mirror situation explains above.

3.2 The Micro cell scenarios

Assumptions : 

Base Station NF: 15dB

Min Power for the UE : -50dBm

UE antenna gain (typical): 2dBi

BS antenna gain (typical for omni and tri sector configuration ): 3dBi and 7dBi

	Noise Rise 

(dB)
	BS Noise Figure (dB)
	Input level at the BS reveiver (dBm)
	Interferer signal (dBm)
	UE antenna Gain (dBi)
	BS antenna Gain (dBi)
	Min Ue power (dB)
	Distance UE BTS (m)
	% of the system capacity used by this UE

	3
	15
	-90
	-93,0
	2
	3 (omni)
	- 50
	3,1
	~50%

	3
	15
	-90
	-93,0
	2
	7 (tri)
	- 50
	4,9
	~50%

	6
	15
	-87
	-88,3
	2
	3 (omni)
	- 50
	1,8
	~75%

	6
	15
	-87
	-88,3
	2
	7 (tri)
	- 50
	2,8
	~75%


Table 2 : Calculation of  the free space distance in Micro cell scenarios
In this Micro Cell case, the catastrophic scenarios occur only at 2 to 5 meters from the Micro Base Station. Please note that this calculation takes the assumptions of 10 dB of desensitization which is a realistic value for Micro cell deployment. Here again, this is a realistic scenario for Micro Cell deployment when the MCL requirement of 45dB is not guaranteed for a user around the top of a standard lamp e.g. at the first floor of a neighbor building

3.3 CELL_DCH “closer”

The UE “UE1” is maintaining a radio link with the base station “BS1”.

When moving closer and closer to BS1, inner loop uplink TPC asks UE1 for decreasing its transmit power. The UE minimum transmit power of –50 dBm (TS25.101 section 6.4.3.1) can be  hit even if less power is sufficient to maintain radio link quality. This too strong power will blind uplink radio link from another UE “UE2” maintaining a radio link with BS1. Indeed, its uplink SIR is degraded by the interference created by UE1. This is potentially the case of all UEs, such as UE2, located in the blue area which is therefore called UL deadzone.
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Figure 1 : CELL_DCH Closer case

3.4 CELL_DCH Further case
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Figure 2 : CELL_DCH Further case

The UE “UE1” is maintaining a radio link with the base station “BS1”.

In the “CELL_DCH Further case” case, the UE UE1 is moving farther from BS1. The uplink TPC inner loop requires from UE1 more and more UE transmit power as the Path loss is increasing. UE1 is moving closer and closer to BS2, which is operated on a neighbour frequency by another operator.

As RRM are not harmonized, UE1 ACLR and BS2 ACS impairments make UE1 pollute BS2. Then, UE2 uplink  communication with BS2 is blinded by the stronger UE1 uplink power. UE2 uplink may be dropped and an uplink deadzone is created (blue colored in Figure 2).

Conversely, when UE1 is getting closer to BS2, downlink from BS1 to UE1 is blinded by BS2 transmission. UE1 may enter a downlink deadzone (pink colored in Figure 2) caused by UE1 ACS and BS2 ACLR impairments.

Both uplink and downlink deadzones may “breathe” and vary from propagation and cell load conditions.

4. Conclusion

This paper briefly summarizes realistic dead zone scenarios.

This is a real concern (see [4] ) noted by several companies and that could be handled by simple solutions. It suggests some way forward and would like to ask RAN4 decision on  :

1. the seriousness of the problem,

2. further exploration of the possible solutions such as [1],

If agreed by RAN4, others RAN groups shall be informed and involved in the evolution of the 3GPP standard needed to counteract those dead zone effects.
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