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1 Introduction

As per the guidance in [1], RAN4 has been requested to consider time-domain and power setting solutions to mitigate interference in heterogeneous deployments of macro-femto or macro-pico scenarios.  In particular if femto-cells or Home eNB (HeNB)s are operating in a closed subscriber group (CSG) mode, autonomous power control setting at the HeNB can be employed to mitigate interference by the HeNB to the macro UE (MUE). In [2], a set of principles were proposed as a framework for specifying restrictions on the HeNB transmit power under a closed subscriber scenario (CSG). Subsequently in [3] a set of simulation assumptions for the evaluation of the performance and impact to macro networks of HeNB’s with autonomous power setting under CSG conditions was proposed. Based on these agreed assumptions simulations have been carried out to assess the level of interference to non-CSG MUEs in the presence of CSG HeNB deployments in a dual strip apartment block [8]. Based on these interference assessment results and others, this contribution proposes a framework and structure to specify the HeNB transmit power as a function of the estimated MUE received signal strength as seen by the HeNB. 
2  System level results analysis
In [8], the performance impact of the deployment of CSG HeNBs in a dual strip on the throughput degradation of non-CSG MUEs was investigated and quantified. It has been shown that under full RB re-use between the HeNBs and the macro network, even for a modest number of 1-20 HeNBs deployed in a dual strip apartment block as an overlay on a macro network with a case 1 (ISD of 500), with each HeNB transmitting with a power of 20 dBm, and with 25% of the MUEs located within the CSG HeNB coverage area that the MUE average throughput degradation exceeds 60% and the 5 percentile throughput degradation exceeds 100%. For a deployment with 10 HeNBs per macro cell, in order to reduce the MUE DL throughput degradation to 5% on average due to HeNB CSG deployments, it has been shown that the HeNB power needs to be reduced to at least 5 dBm in the presence of an indoor MUE. Furthermore it was shown that the probability of outage for the non-CSG MUEs can be significant and up to nearly 40% if the HeNB’s  do not reduce their transmit power below 20 dBm with up to 80% of non-CSG MUE’s located within the dual strip CSG HeNB coverage as per the agreed use case defined in [3].  It has also been shown that underlying this degradation in MUE throughput is a significant degradation in SINR as seen by the MUE. As such the HeNB transmit power should be reduced to a level that limits the degradation in average and 5 percentile throughput to the MUE to be less than [5] percent.
Observation #1: The degradation of non-CSG MUEs when within the coverage area of indoor CSG HeNB deployments can be severe. This degradation can result in significant loss of MUE DL throughput and outage conditions with high probability. This loss may significantly degrade the overall network performance and result in lower overall capacity in the area.
Proposal #1: The degradation in 5-percentile throughput of the non-CSG MUE within the CSG HeNB coverage area shall be limited to [5] percent.

Proposal #2: When a non-CSG MUE is present within the coverage area of a CSG HeNB, the CSG HeNB will reduce its transmit power to ensure that the DL throughput degradation to the MUE will be below a threshold of [5] percent. 
Observation #2: The degradation in non-CSG MUE throughput can be directly related to the SINR seen by the MUE when the MUE is present within the CSG coverage region of the HeNB.

Proposal #3: In order to reduce the interference seen by the MUE, the HeNB will estimate the SINR as seen by the non-CGS MUE. The SINR estimation is HeNB implementation specific.
3 Proposed structure of requirements for autonomous power setting for Home BS
In order to specify the requirements structure for autonomous power setting of a Home BS, it is proposed to add a section to TS36.104, reusing the structure in section 6.2.4 of TS36.104. The proposed text is provided below.
<6.2.5 Home BS output power for co-channel E-UTRA UE protection>
In the presence of a co-channel macro UE transmission, a Home BS shall be capable of adjusting its transmitter output power based on radio measurements of the received co-channel transmissions, in order ensure that the interference level to a co-channel  macro UE operating in the same geographical area while optimizing the Home BS coverage from the network point of view. These requirements are only applicable to Home BS. The requirements in this clause are applicable for AWGN radio propagation conditions.

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(DL), measured in mW, is the Reference Signal Received Power per resource element on one of the co-channels for DL transmissions present at the Home BS antenna connector for the Reference Signal received from the co-channel transmission. For CRS Êc(DL) determination, the cell-specific reference signal R0 according TS 36.211 [3] shall be used. If the Home BS can reliably detect that multiple TX antennas are used for the co-channel transmissions  the Home BS may use the average in [mW] of the CRS Êc on all detected antennas. 
UL RS Êc, measured in mW, is the Reference Signal Received Power per resource element on one of the co-channel UL transmissions present at the Home BS antenna connector for the Reference Signal received from the co-channel transmission. If the Home BS can reliably detect that multiple TX antennas are used for the co-channel transmission, the Home BS may use the average in [mW] of the CRS Êc on all detected antennas.   

-
Ioh, measured in mW, is the total received power, including signals and all interference but excluding the own Home BS signal, 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 (mW)

	Ioh / (
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for CRS Êc(DL) ≥  [TBD] mW
or  UL RS Êc < [TBD] mW
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	≤ [TBD]


Note 1: 
The Home BS transmitter output power specified in Table 6.2.5-1 assumes a Home BS reference antenna gain of 0 dBi, a target outage zone of [TBD]dB around the Home BS for a macro MUE co- channel transmission, with an allowance of 2 dB for measurement errors, an ACIR of 30 dB, a co-channel MUE Ês/Iot target of [TBD] and the same UL RS Êc value for the co-channel MUE as for the Home BS.

Note 2: 
For 10log10(CRS Êc) < -127dBm, the requirements in subclauses 6.2.1 and 6.2.2 apply.

Note 3:
The output power Pout is the sum transmit 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: image6.wmf]RB

sc

N

 is the number of subcarriers in a resource block, 
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Note 6: The SINR on a linear scale as seen by the co-channel MUE shall be defined as 
CRS Êc(DL) / (Ioh + UL RS Êc - CRS Êc(DL) + [TBD]offset )
in which the offset accounts for any transmit power differences, scaling differences and any errors in the estimation of CRS Êc(DL)  and UL RS Êc.
4 . Conclusion
This contribution has discussed a number of the key attributes that an autonomous CSG HeNB power setting algorithm should have in order to ensure that its interference to non-CSG MUEs does not exceed a prescribed limit. Based on the above discussion the following recommendations are proposed as a framework to define the autonomous power control requirements for a CSG HeNB.
Proposal #1: The degradation in average and 5-percentile throughput of the non-CSG MUE within the CSG HeNB coverage area shall be limited to [5] percent.

Proposal #2: When a non-CSG MUE is present within the coverage area of a CSG HeNB, the CSG HeNB will reduce its transmit power to ensure that the DL throughput degradation to the MUE will be below a threshold of [5] percent. 

Proposal #3: In order to reduce the interference seen by the MUE, the HeNB will estimate the SINR as seen by the non-CGS MUE.

Proposal #4: The structure of the HBS transmit power requirements for the protection of co-channel E-UTRA MUE’s shall be defined using the format of section 3 above. 
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