


3GPP TSG RAN1 #51bis
R1-080494
Jan 14th – 18th, 2008

Sevilla, Spain

Agenda item: 
6.3.5
Source: 
Qualcomm Europe
Title: 
Calibration Procedures for TDD Beamforming
Document for:

Discussion and Decision
1
Introduction
For a TDD system, since the DL and UL transmissions are on the same spectrum, the reciprocity principle allows DL channels to be estimated through the SRS transmissions on the UL. These transmissions could be explicit reference signals, i.e., known RS sequences, or UL control channels that may be used as reference symbols post demodulation and allow the estimation of the space-selective (over multiple receive antennas) channel. 

TDD transmission assures channel reciprocity for only the physical propagation channel. Hence, whenever there is a noticeable difference between the transfer characteristics of various (samples of) analog parts used at TX/RX, there is no reason to assume reciprocity of these variations at TX/RX and therefore reciprocity of the equivalent channel. 
Hence, it is important to understand the magnitude of variations observed at different analog parts and their influence on the accuracy of the reciprocity assumption when applied to the equivalent channel. Moreover, in antenna array systems, each antenna will have it is own transmitter/receiver chains which are not necessarily the same for all antennas. Therefore, antenna array calibration is required. 
In systems that employ antenna arrays, there are two kinds of mismatches that need to be addressed in the calibration procedure:

· Mismatches due to the physical antenna system/structure: theses include the effects of mutual coupling, tower effects, imperfect knowledge of the element locations, and amplitude and phase mismatches due to antenna cabling

· Mismatches due to hardware elements in each antenna TX/RX chain. These include analog filters, I and Q imbalance, phase and gain mismatch of LNA/PA on the chains, different non linearity effects, etc.

It is thus essential to perform calibration, so that the channel on one link may be estimated by measuring a reference signal on the other link.
2
Beamforming
In systems with multiple transmit and single receive antennas, beamforming provides increased SINR. When multiple transmit and receive antennas (MIMO), are available, eigen-beamforming can be used where multiple layers being transmitted to a user can be signaled on the eigen-beams of the channel. The achievable gains (over non-beamformed transmission) are especially noticeable when the number of layers (rank) transmitted is less than the number of transmit antennas at the eNB. This is always true in asymmetric antenna scenarios, where the number of transmit antennas at the eNB is larger than the number of receive antennas at the UE. 
We envisage the operation of TDD beamforming in the following manner:

· UL SRS configured for users in beamformed mode

· No need to feedback precoding information in symmetric scenarios

· Eliminates feedback errors

· UE specific RS used

· Precoded dedicated RS, embedded in each RB, used for demodulation

· No need to signal PMI in PDCCH

Note that the usage of UE specific RS is already a part of FS2 specifications.
We propose to add this mode for FS1 as well.
3
Short Term Beamforming
Assume that UL and DL devices have flat transfer functions over a number of consecutive sounding tones per Tx antenna, i.e., the coherence bandwidth equals the number of sounding tones assigned to each Tx antenna, the composite transfer function can now be obtained from the SRS.

We use the following notation in this section:
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Without any loss in generality, we will assume that the calibration procedure is initiated by the eNB and is assisted by the UE. The UE needs to feed back the estimated channel coefficients with a granularity of 
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 tones. The underlying assumption is that the channel coefficients are constant over 
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 contiguous tones for a given Tx/Rx antenna pair. Further, we will denote the number of tones across the entire system bandwidth as
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. Therefore, the problem can be stated as the transmission of 
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 downlink channel coefficients in an efficient manner.
3.1
Scenario A
In this case, we assume that:
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In this case, the DL transfer function is generated by using the UL SRS and the calibration transfer function. This can now be used to beamform the allocated RB and UE specific RS.
3.2
Scenario B
In this case, we assume that:
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In this scenario, the information available at eNB using SRS is incomplete. 

Assuming that at most one RE
 is transmitted from each Tx antenna in the uplink, the total number of orthogonal dimensions occupied in the uplink equals:
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The number of additional coefficients that need to be transmitted in the uplink equals:
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We observe that the number of additional coefficients increases with:

· Increasing Rx/Tx antenna asymmetry at UE

· Increasing number of Tx antennas at eNB

3.3
Possible Solution 

In [2], a proposal was outlined to feedback all the additional channel coefficients in the uplink and relying on coherent demodulation at the eNB.

We observe that this approach requires the transmission of all coefficients within the channel coherence bandwidth, making it very inefficient when either the coherence bandwidth is small (large delay spread channels, such as Veh-B) and/or the product of UE antenna asymmetry with number of Tx antennas at eNB is large.

For example, consider the following:

· Scenario 1

· Tx/Rx configurations – (1,2) at UE, (4,4) at eNB
· UE needs to occupy 1+4 tones ( 75 KHz

· Scenario 2

· Tx/Rx configurations – (1,4) at UE, (4,4) at eNB

· UE needs to occupy 1+12 tones ( 195 KHz
· Scenario 3

· Tx/Rx configurations – (1,2) at UE, (8,8) at eNB

· Beamforming configuration for FS2

· UE needs to occupy 1+8 tones ( 135 KHz
· Scenario 2

· Tx/Rx configurations – (1,4) at UE, (8,8) at eNB

· UE needs to occupy 1+24 tones ( 375 KHz
Clearly, such an approach is not scalable. What is needed is a solution that does not depend on the channel coherence bandwidth.

4
Calibration
The alternative is to perform eNB calibration. The main motivation of calibration is to perform DL channel restoration for DL precoding. The UL Transfer Function is measured by a number of sets of un-modulated UL sounding channels. Assuming that UL and DL devices have flat transfer functions over a number of consecutive sounding tones per Tx antenna, i.e., the coherence bandwidth equals the number of sounding tones assigned to each Tx antenna, the composite transfer function can now be obtained from the SRS. The calibration procedure is initiated by the eNB and is assisted by the UE. Assume that the N UE’s and used for calibration, and the eNB has M antennae. Assume that all antennae at the eNB are used for both tx and rx, while for calibration purposes, only the antennae at the UE that can both tx and rx are used.

For calibration purposes, each transmit antenna of an UE can be considered as a separate UE, as shown in Figure 1. Consider the following nitation:

Transmit mismatch for antenna i in the eNB:i 
Receive mismatch for antenna i in the eNB: i. 
Define i = i/i for each antenna i in the eNB as the effective mismatch. 
For each UE i, transmit mismatch: i 
receive mismatch be denoted byi.
   Define i = i/i for each UE as the effective mismatch. 
UL channel from UE i to eNB antenna j: hUij
DL channel from eNB antenna i to the jth: hDij. 
Reciprocity of the TDD channel: hUij = hDji for all i, j. 
The mismatches 1, 2, …, M need to be estimated for proper calibration at the eNB. It is not necessary to calibrate the UEs.
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Figure 1: Calibration Process

The effective channel from the ith eNB antenna to the jth UE is written as i hDijj. 
The effective channel from the jth UE to the ith eNB antenna is equivalently i hjij. 
Then, the effective calibration factor cij for the eNB antenna i to the jth UE is given by i hDijji hUjij. = ij by the reciprocity of the physical channel. 
Denote C = (c1, c2, …, cM) as the effective calibration vector for the eNB. Then, with UE j, the calibration vector is given by Cj = (11, 21, …, M1). 
Note that it is only necessary to calibrate the eNB up to a scaling constant. Hence, Cj/11 = (1111, 2111, …, M111) = (, 21, …, M1). 
Note that this is independent of j, i.e. the receiver mismatch need not be used for calibration. For N observations from N UEs, the effective C may now be calculated by simple averaging/MMSE estimate etc. 

4.1   Calibration Procedure
1) The eNB decided that it needs calibration, and chooses UEs with strong CQIs and relatively low Doppler for calibration.

2) The eNB sends messages to N UE’s to enter calibration mode.

3) UE j measure the cell specific RS (closest to the next SRS transmission on UL, accounting for processing time) and reports back the channel from eNB antenna i using a 6 bit I/Q quantization, along with an SRS on the UL at the same time.

4) For each antenna i (= 1, 2, …, M) at the eNB, the calibration factor 
ci = i hDijji hUjij. = ij is calculated. MMSE estimation can be done as well.

5) The effective calibration factor from the jth UE is found as Cj = (, 21, …, M1).
6) C = f(C1, C2, …, CN) is found by averaging/MMSE estimate.
7) The eNB exits the calibration mode when satisfied with the calibration.
4.2   Beamforming Procedure

The beamforming procedure is now outlined as follows:

1) The eNB calibrates itself as often as necessary (probably every few hours) using the procedure described in Section 3.1.

2) For each UE, the eNB weighs the gain to each UE antenna by the ratio of their transmit PAs and receive antenna gains – let this be denoted by G. Typically G = 1.

3) The SRS from the transmit antennae at the UE are used for channel update.

4) The eNB uses the calibration vector C, the gain G and optimally beamforms to the UE. 

Thus, the eNB needs to perform over the air calibration every few hours using a number of UEs, as temperature is the driving factor in changing the AGC gain stage at the eNB. For actual beamforming, the UE sends the SRS from the various antenna, which is used for beamforming. The overhead of calibration is minimal.
5
Summary

· We propose the following:

· TDD calibration procedure must be scalable to large antenna asymmetry

· Calibration be carried out using the channel inversion method described in section 4
6
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� Each RE represents a resource element occupied at the IFFT I/P
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