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1.
Introduction

To minimize the co-channel DL interference to non-CSG macro UEs operating in close proximity while optimizing the CSG HeNB coverage, an optional requirement on HeNB Output Power for co-channel E-UTRA protection was agreed in RAN4#59 [1]. There are 2 options in the agreed optional requirement for the HeNB to adjust its output power according to the input conditions.
In this paper, we discuss the potential issues arising from using Option 2 of the agreed optional requirement, and provide a proposal to modify this option in the requirement in TS 36.104 [2] to deal with the identified issues.
2.
Discussion
The sections for the optional requirement specified in [2] that are related to the discussion here are extracted below for ease of reference.

*** Start of extraction ***
-
Iob is the uplink received interference power, including thermal noise, within one physical resource block’s bandwidth of 
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resource elements as defined in TS 36.214, present at the Home BS antenna connector on the Home BS operating channel.

*** Next extracted section ***
Table 6.2.5-1: Home BS output power for co-channel E-UTRA channel protection

	Input Conditions
	Output power, Pout

	Ioh (DL) > CRS Êc + 10log10(
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 EMBED Equation.3  [image: image3.wmf]RB
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) + [30] dB  

and 

Option 1: CRS Êc ≥  -127 dBm or

Option 2: CRS Êc ≥ -127 dBm and Iob > [-103] dBm
	≤ [10] dBm 


	Ioh (DL) ≤ CRS Êc + 10log10(
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and 

Option 1: CRS Êc ≥ -127 dBm or 
Option 2. CRS Êc ≥ -127 dBm and Iob > [-103] dBm


	≤ max (Pmin, min (Pmax, CRS Êc + 10log10(
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[40] dB ≤ X ≤ [90] dB 




*** End of extraction ***

It can be seen from the above sections that the HeNB supporting Option 2 shall reduce its output power when the measured uplink received interference power Iob (presumably from the UL transmission of non-CSG macro UEs operating in close proximity) is larger than a certain threshold [-103] dBm. Therefore, the HeNB need to reduce its output power (may be to a large extent of up to 10 dB) whenever a non-CSG macro-UE approaches its coverage area, and may increase its output power (may be to a large extent of up to 10 dB) whenever a non-CSG macro-UE leaves its coverage area. Note that this event of a non-CSG macro-UE approaching/leaving the HeNB coverage area is transient in nature, and may happen frequently in real life deployment, e.g. whenever a non-CSG macro-UE passes by a window near the HeNB location in the house.
As the HeNB coverage area will change according to its output power, this means that the coverage area of the HeNB supporting Option 2 will also change (may be to a large extent of up to 73 %) whenever the measured uplink received interference power Iob crosses over a certain threshold; and we have identified the following issues with this phenomenon.
· The network stability would be considerably degraded as there would be many simultaneous handover requests for the UEs connected to the HeNB due to the sudden change in the HeNB output power. And these simultaneous handover requests will greatly increase the network (both backhaul and radio) traffic to carry the required control signaling for the handover processing.
· The UEs that have been handover from the HeNB to the macro-network will become the new sources of the uplink received interference power Iob. Thus the HeNB will be stuck in the reduced power mode even when the non-CSG macro-UE has left the HeNB coverage and contribute to the uplink received interference power Iob.
· In the case of providing contiguous coverage using HeNB, when such sudden drop in the HeNB output power happens a coverage hole is created.
As the above issues are due to the sudden and large change of HeNB output power whenever the uplink received interference power Iob crosses over a certain threshold, the remedy of the issues is to prevent any sudden and large increase/decrease in the HeNB output power. Instead of reducing its output power to the target level in one step when the measured uplink received interference power Iob is larger than a certain threshold, the HeNB shall reduce its output power gradually towards the target level.
With this gradual approach in reducing the HeNB output power, the network stability would be maintained as the HeNB coverage area is not reduced abruptly. Moreover, if the measured uplink received interference power Iob drops below the threshold while the HeNB is still reducing its output power, then the HeNB may gradually increase its output power to the target level according to the other measurements. This gradual approach in changing the HeNB output power will help better in a true heterogeneous network and coordination between various cells, and offer the ability of throttling the power change in case of a sudden and abrupt need to change the network configuration due to change in the field of coverage and user behaviour. Therefore, we propose to add a note in Table 6.2.5-1 in [2] to state that the HeNB supporting Option 2 shall reduce its output power gradually. The text proposal is provided in the following section. We will prepare the corresponding CR to [2] in the next RAN4 meeting if the text proposal is agreeable.
3.
Text proposal
*** Start of proposal ***
6.2.5
Home BS Output Power for co-channel E-UTRA protection

To minimize the co-channel DL interference to non-CSG macro UEs operating in close proximity while optimizing the CSG Home BS coverage, Home BS may adjust its output power according to the requirements set out in this clause. These requirements are only applicable to Home BS. The requirements in this clause are applicable for AWGN radio propagation conditions.

For Home BS that support the requirements in this clause, the output power, Pout, of the Home BS shall be as specified in Table 6.2.5-1 under the following input conditions:

-
CRS Êc, measured in dBm, is the Reference Signal Received Power per resource element present at the Home BS antenna connector received from the co-channel Wide Area BS. For CRS Êc determination, the cell-specific reference signal R0 according TS 36.211 [10] shall be used. If the Home BS can reliably detect that multiple TX antenna ports are used for transmission by the co-channel Wide Area Base Station, it may use the average in [W] of the CRS Êc on all detected TX antenna ports, including R0. 

-
Ioh, measured in mW, is the total received DL power, including all interference but excluding the own Home BS signal, present at the Home BS antenna connector on the Home BS operating channel. 

-
Iob is the uplink received interference power, including thermal noise, within one physical resource block’s bandwidth of 
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resource elements as defined in TS 36.214, present at the Home BS antenna connector on the Home BS operating channel.

The input conditions defined for the requirements in this section are specified at the antenna connector of the Home BS. For Home BS receivers with diversity, the requirements apply to each antenna connector separately, with the other one(s) terminated or disabled. The requirements are otherwise unchanged. For Home BS(s) without measurement capability, a reference antenna with a gain of 0 dBi is assumed for converting these power levels into field strength requirements.
Table 6.2.5-1: Home BS output power for co-channel E-UTRA channel protection

	Input Conditions
	Output power, Pout

	Ioh (DL) > CRS Êc + 10log10(
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and 

Option 1: CRS Êc ≥  -127 dBm or

Option 2: CRS Êc ≥ -127 dBm and Iob > [-103] dBm
	≤ [10] dBm 


	Ioh (DL) ≤ CRS Êc + 10log10(
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and 

Option 1: CRS Êc ≥ -127 dBm or 
Option 2. CRS Êc ≥ -127 dBm and Iob > [-103] dBm


	≤ max (Pmin, min (Pmax, CRS Êc + 10log10(
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	Note: When Option 2 is supported, the Home BS shall gradually adjust its output power to the required level.


Note 1:
Only the option supported by the Home BS shall be tested.

Note 2:
For CRS Êc < -127dBm, or Iob ≤ [-103] dBm when Option 2 is supported, the requirements in sub-clauses 6.2.1 and 6.2.2 apply.

Note 3:
The output power Pout is the sum of transmits power across all the antennas of the Home BS, with each transmit power measured at the respective antenna connectors.

Note 4:
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 is the number of downlink resource blocks in the own Home BS channel. 

Note 5: 

[image: image16.wmf]RB

sc

N

 is the number of subcarriers in a resource block, 
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Note 6:
X is a network configurable parameter.

Note 7:
Other input conditions and output power to be applied for network scenarios other than co-channel E-UTRA macro channel protection shall not be precluded.
*** End of proposal ***
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