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Obtaining Downlink Channel Knowledge for MIMO-OFDM System Using Hybrid Channel Feedback
Mingyang Sun, Yinggang Du, Martin Liu, Yunsong Yang, Tao Wu, Xin Chang, Xueqin Gu, Yuanjie Li, Yi Wang
Huawei
Introduction
In order to achieve the maximal system capacity, complete broadband channel knowledge between all transmit antennas and all receive antennas is required at the base station. In Orthogonal Frequency Division Multiplexing (OFDM) systems, this means that channel knowledge is required at each of the K frequency-domain subcarriers.
Obtaining complete channel knowledge at the base station in Time Division Duplexing (TDD) systems is relatively straightforward using uplink sounding as long as the uplink and downlink arrays are calibrated at the base station. In uplink sounding, the mobile transmits a training sequence from each of its antennas (possibly on the same time-frequency resource). Then the base station estimates the uplink channel from each of the mobile antennae to each of the base station receive antennae using standard channel estimation techniques. The base station then translates the uplink channel into a downlink channel based on information obtained from array calibration. 
However, usually mobile stations have more receiver antennas than transmitter antennas. So, even in TDD mode, base station cannot have full channel status information by using channel reciprocity because each mobile station can transmit by only part of its antennas. For example, if a base station has K transmission antennas & K reception antennas (which are identical), and a mobile station has M transmitter antennas & N receiver antennas (N > M). Then, for down link MIMO transmission the base station requires to know the channel status information of KxN channel elements. However, because the mobile station can transmit back in the reverse link by using only M antennas, the base station can have channel status information of on KxM channel elements.
So, it needs another way of feedback mechanism for TDD case if N > M. There are some conventional ways for this case:

i)、 Do not utilize channel reciprocity property. This implies use of feedback mechanism which is used in FDD mode such as codebook feedback. In this case, it will result in more overhead because of not using the advantage of TDD systems.

ii)、 Use CSI for KxM channel elements only. In this case, because a base station can identify only part of channel information, its transmission efficiency will be lower than full CSI information.

iii)、 Transmit antenna switching at mobile station. In this case, mobile station switches transmission antennas periodically such that within the period the base station can identify full KxN channel elements. However, in this case it takes more time for the base station to identify whole channel information, and also mobile station needs additional implementation cost.
This contribution introduces a bandwidth efficient means of obtaining complete channel knowledge in TDD system and provides the base station with complete broadband channel information. This method is called hybrid channel feedback (HCFB). The downlink channel information received by non-transmission antenna is carried by sounding channel of transmission antenna.
Proposed hybrid channel feedback (HCFB) scheme
The BS can obtain the downlink channel information via following processing procedure:
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Figure1 Pilot feedback system

We assume downlink antenna configuration is M*N and downlink antenna configuration is m*n, the sounding channels of multiple uplink users are multiplexed by CDM. As shown in figure 1, the downlink pilots are transmitted from the BS. The downlink pilots received by the MS are:
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Where 
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Assuming M=4, N＝2, m＝1，n＝2, so
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 is separately the downlink pilots received by the first and second antenna, 
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 is downlink channel matrix received by the first and second antenna, 
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We assume the first antenna is transmission antenna, then 
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 is multiplied by an orthogonal code then is added to the uplink pilots in the uplink pilots channel correspondingly and the hybrid pilots are transmitted to the BS.
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Where 
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 is hybrid pilots received by the BS from multiple users, N*1 matrix, 
[image: image21.wmf](

)

,

uli

Hk

 is uplink channel matrix from i-th user to BS, n*m matrix, 
[image: image22.wmf](

)

,

uli

Pk

 is uplink pilot of the i-th user and 
[image: image23.wmf](

)

,

uli

Ck

 is orthogonal code of the i-th user.
The downlink pilots and uplink pilots satisfy following orthogonal conditions:
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Where 
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is the maximum length of downlink channel. 
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L

is the maximum length of uplink channel. With the orthogonality between the uplink pilots and downlink pilots, the BS can estimate the uplink and downlink channel parameters separately. 

Several pilot design schemes are provided to satisfy above orthogonal conditions:

1. Uplink pilot is cycle shift of downlink pilot sequence. When an interval of the cycle shift is longer than the multi-path channel delay the receiver can extract the multi-path channel of uplink and downlink from hybrid pilots using time-window based on the interval. 

2. Uplink pilot and downlink pilot are spreaded by different orthogonal codes and are added to hybrid pilots.
3. Downlink pilot is spreaded by an orthogonal code and is added to the uplink pilots. When spread factor is enough large, downlink channel estimation is not affected by uplink sounding signal. So the BS can estimate the uplink and downlink channel parameters separately. 

4. different cycle shift is corresponding to different uplink pilots. When an interval of the cycle shift is longer than the multi-path channel delay the receiver can extract the multi-path channel from different uplink using time-window based on the interval.
5. Different uplink pilots are spreaded by different orthogonal codes.
First BS estimates the uplink channel parameters:
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After uplink channel parameters is estimated, BS may estimate the downlink channel information form BS to the first antenna by channel reciprocity.
Then BS estimates the downlink channel parameters form BS to the second antenna:
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Because 
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To mitigate destruction of pilot sequences orthogonality due to frequency selective fading, we propose three kind of enhanced technique:
· DFT is applied before the downlink pilots are transmitted from the BS and received downlink pilots is added to uplink pilots with DFT processing.
· Base station spreads the downlink pilots over narrowband bandwidth before the downlink pilots are transmitted from the BS and MS de-spreads the downlink pilots first, then re-spreads it with user orthogonal code and adds it to uplink pilots.
· Narrowband downlink pilots are transmitted from the BS and random hops across entire bandwidth, MS feedback part downlink channel state information.
Advantage
In comparison with codebook based channel state information feedback, the hybrid channel feedback technique provides the base station with full broadband channel state information in the case of channel unreciprocity in TDD system and enable base station to achieve better system capacity using the closed-loop multiple data stream MIMO techniques, e.g. MU-MIMO.
In addition, the channel state information is processed in base station and mobile complexity is reduced.
Conclusion
In IEEE 802.16 SDD, channel state information feedback should be discussed. It would be worth introducing the hybrid channel feedback (HCFB) in SDD as a new channel state information feedback technique.
Text Proposal to SDD

------------------------------------Start text proposal------------------------------------
[Adopt the following text in the P802.16m System Description Document (SDD)]
11.y Channel state information feedback
11.y.z Based on non-codebook channel state information feedback
Based on non-codebook channel state information feedback mode should be supported, e.g. hybrid channel feedback (HCFB).
The downlink channel information received by non-transmission antenna is carried by sounding channel of transmission antenna.
------------------------------------End text proposal------------------------------------
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