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1 Introduction
In LTE-advanced, channel reciprocity is an important feature to control multi-antenna system 
efficiently in TDD systems [1][2]. One problem in exploiting channel reciprocity was that co-channel interference is asymmetric between UL and DL.  This contribution attempts to solve this problem leading to a new solution.
2 Problem in Exploiting Channel Reciprocity
In TDD systems, eNB can get knowledge of DL channel gain from UL channel measurement through SRS exploiting channel reciprocity. However, since interference is asymmetric between UL and DL, eNB cannot know DL interference or UE’s SINR for each subband. If DL interference is constant in whole system bandwidth, eNB can get the UE’s SINR for each subband using a feedback of the DL interference level. However, DL interference is usually frequency dependent. Reporting subband-based interference will spend a large amount of UL signaling. Due to this problem, channel reciprocity has not been actively used in LTE.
3 Exploiting Channel Reciprocity Under Asymmetric Interference
We propose a solution to this problem, with which eNB can get UE’s SINR efficiently exploiting channel reciprocity. The proposed method is introduced after describing DL signal model.
3.1  DL Signal Model
Consider that eNB transmits the p-th symbol 
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) using power PS,m in the m-th  subband of OFDMA DL, as shown in Fig. 1(a). Then, in the m-th subband, the UE receives 
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where 
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 is the UE 's interference-plus-noise in the m-th subband. The UE's SINR in the m-th subband is expressed as
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3.2 Proposed CQI Reporting
We propose new CQI reporting in which UE transmits only pilot signals of different power in subbands. After measuring the interference-plus-noise power 
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Figure 1: Transmission model in the proposed pilot transmission.
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in the m-th subband (
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 is the number of pilot symbols per subband, and 
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 is the power parameter common to all subbands. The transmit power in the m-th subband is inversely proportional to 
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 in advance for this pilot transmission. Fig. 1(b) shows the UL transmission model.
  In TDD systems, UL and DL have the same complex channel gain 
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where 
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 denotes the average over pilot symbols
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Thus, eNB can get UE’s SINR 
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 is controlled such that eNB has average pilot power larger than average interference-plus-noise power, i.e.,
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The parameter 
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 is updated in a long-term period following shadowing without spending a large amount of signaling. There are many possible ways in controlling 
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, e.g.,  closed-loop control shown in Fig. 1(a).
Although we have assumed flat fading in a subband for simplicity, the proposed method can be applied to selective fading environments, setting 
[image: image36.wmf]m

UE

I

,

 to average interference and spreading the pilot symbols over a subband. Alternatively, UE could apply a compensation factor
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  in order to compensate the estimated gap between the predicted DL SINR and real DL SINR.
3.3 Scenarios of Applying Proposed Method in LTE-Advanced
Main advantage of the proposed method is that eNB can get UE’s SINR through the pilot transmission only. We discuss scenarios of applying this “pilot” signal in LTE-Advanced.
Scenario I) Current SRS is changed to new SRS  (new SRS=“Pilot”)
In this scenario, the proposed pilot signal replaces current SRS. The new SRS(=pilot) is transmitted with different power in subbands. Using this new SRS, eNB can estimate both eNB’s UL SINR 
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) simultaneously, as shown in Fig. 1 (b). In this case, UL data packets after scheduling would have different transmit power in subbands, following the new SRS power level.
Scenario II)  Independent SRS and “Pilot” 
The proposed pilot signal is used independently of current SRS. In this case, SRS and “pilot” are used for eNB to estimate UL and DL channel quality, respectively. In other words, “pilot” signal replaces current signaling of CQI/PMI(rank 1) reporting (see appendix about PMI reporting). This “pilot” signal would not spend much signaling compared to CQI/PMI(rank1) reporting.
3.4 Other Features
The proposed method has other advantages below :
1) eNB can obtain newer channel quality information in the proposed method than in current CQI reporting, because SINR measurement is performed in the latest uplink instead of the latest downlink (see Fig. 2).
[image: image60.wmf]Transmit

Power

h

Received

Power

DL SINR

m

h

1

h

M

h

Subband 1

Subband m

Subband M

I

UE,m

m

h

2

h

I

UE,m

P

s,m

2

UE,m

I

m

h

=

g

UE,m

eNB

UE

(a) Downlink

(b) Uplink

m

h

1

h

M

h

Subband 1

Subband m

Subband M

eNB

UE

Transmit

Power

P

s,m

DL SINR

P

s,m

=

2

g

UE,m

m

h

I

UE,m

UL SINR

=

g

NB,m

h

P

s,m

I

NB,m

1

I

NB,m

Information 

 h 

(long-term  update)

h

I

UE,m

m

h

2


Figure 2: Channels used for the current and proposed CQIs.
2) The proposed method can be applied to any number of eNB antennas without changing the format or without increasing signaling (see appendix). It could be also applied for coordinated multipoint transmission and reception.
3) The proposed method is simple, since it just controls UL transmit power according to 
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4 Conclusion
This contribution proposed an efficient way of exploiting channel reciprocity under asymmetric co-channel interference. Through the proposed pilot transmission, eNB can obtain UL SINR and DL SINR simultaneously. The proposed method is expected to reduce signaling for reporting CQI/ PMI considerably. It can be also applied to any number of eNB antennas without changing the format or without increasing signaling. Using this method, we could exploit channel reciprocity even under asymmetric cochannel interference between UL and DL.
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Appendix
We explain application of the proposed method to multi-antenna eNB.

Consider that eNB with N antennas transmits 
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where 
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denotes the transpose and 
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 denotes the Nx1 complex channel vector between eNB’s N antennas and UE. The UE’s SINR is expressed as
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in the m-th subband.

Consider that UE transmits the proposed pilot signal 
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 in uplink. Then, eNB receives Nx1 signal vector 
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where 
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 is the Nx1 interference-plus-noise vector at eNB in the m-th subband. eNB can predict the UE's SINR
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Here,  
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 is controlled to satisfy
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Since eNB can predict 
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 for arbitrary w, eNB can optimize the precoding vector w and predict the UE’s SINR through the proposed pilot signal only. Thus, the proposed pilot signal can replace current signaling of CQI/PMI(rank 1) reporting.
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