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1 Introduction

RAN1 has discussed enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE. A number of contributions proposed time-domain ICIC as an effective solution for macro-femto and macro-pico deployment scenarios. At the RAN1 #61bis meeting, RAN1 has agreed to consider power control and time domain solution as baseline solutions for macro-femto deployment scenario, without precluding macro-pico scenario.
The time-domain ICIC causes UEs and eNB to experience high fluctuation of interference level subframe-by-subframe. We propose a UE power control scheme which takes this high fluctuation of interference level into account.
2 Enhanced UE power control scheme
2.1 Necessity of enhancing power control algorithm
According to [1], the transmission power for PUSCH in LTE is set by the following formula:
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 is the size of the PUSCH resource assignment to a specific UE expressed in number of PRBs.
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 is a transport format dependent offset to allow the transmitted power per RB to be adapted according to the MCS level.
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 is a semi-static base level to define target received level.
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 is an open-loop path-loss compensation component . PL is the downlink path-loss estimate measured by the UE.
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 is a power correction value provided by explicit transmit power control (TPC) commands.

The LTE power control algorithm is a combination of open-loop and close-loop scheme. Open-loop power control sets a coarse operating point, based on path-loss estimate, broadcast system parameter and some UE-specific signalling. On the other hand, close-loop power control fine-tunes the power setting around the open-loop operating point using the TPC commands.
Fig. 1 shows a deployment example of heterogeneous network employing time-domain ICIC. MeNB 1 participates in cooperative silencing. MeNB 1 can use the even-numbered subframes for the PDSCH and PUSCH transmission. In this case, MeNB 2 and PeNB 1 experience high-level uplink interference from MUEs served by MeNB 1 at the even-numbered subframes compared to the odd-numbered subframes. Generally, the time-domain ICIC causes eNB to experience high fluctuation of uplink interference level subframe-by-subframe.
The main purposes of power control include maintaining a required SINR according to QoS requirements and controlling inter-cell interference. The high fluctuation of uplink interference makes it difficult for the power control to maintain a required SINR. This high fluctuation finally leads to inaccurate power setting and/or excessively frequent transmission of the TPC commands.
2.2 Proposed power control scheme
The proposed power control scheme is as follows:
Step1: eNB measures the interference level of each subframe.
Step2: eNB calculates the subframe offset of transmit power (SOTP) for each subframe.
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[image: image7.wmf])

(

SF

i

D

 be the SOTP of the ith subframe.
Step3: eNB signals UE the following SOTP vector:
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, where T is the period of SOTP.

Step4: UE sets the transmit power of the PUSCH using the following formula:
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UE adjusts the transmission power of the PUSCH for the ith subframe by 
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 in order to maintain the required SINR. The SOTP, 
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, should be calculated based on the interference level of the subframe. 
The cooperative silencing pattern can be configured to have the periodicity and also is semi-static. This implies that the interference fluctuation pattern also has the periodicity and is semi-static. Since the interference fluctuation pattern is semi-static, the SOTP pattern can be semi-static, and hence is not necessary to be signalled to UE frequently. 
The SOTP pattern can be cell-specific or UE-specific.
Using the proposed SOTP-based power control scheme, eNB can control the transmission power of the PUSCH accurately without excessively frequent transmission of the TPC commands in heterogeneous networks employing the time-domain ICIC.

3 Conclusions
We have proposed an enhanced power control scheme for heterogeneous networks using time-domain ICIC. The proposed scheme makes eNB to control the transmission power of the PUSCH accurately without excessively frequent transmission of the TPC commands in heterogeneous networks employing the time-domain ICIC.
4 References
[1]. 3GPP TS 36.213, Physical layer procedures.

[image: image12.emf]Macro 

eNB 1

Macro  

eNB 2

MUE 2

Pico/femto 1

MUE 1

PUE 1

MUE 3



[image: image13.emf]0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9

Downlink 

of MeNB 1

0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9

Uplink of 

MeNB 1

0 2 4 6 8 1 3 5 7 9

Downlink 

of PeNB 1

0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9

0 2 4 6 8 1 3 5 7 9

Uplink of 

PeNB 1

0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9

0 2 4 6 8 1 3 5 7 9

Downlink 

of MeNB 2

0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9

0 2 4 6 8 1 3 5 7 9

Uplink of 

MeNB 2

0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9 0 2 4 6 8 1 3 5 7 9

Data served Data not served


Fig.1. Example of the cooperative silencing in a heterogeneous network
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