
3GPP TSG RAN WG1 #60
R1-101177
San Francisco, USA, Feb. 22 – 26, 2010
Agenda item:
7.2.5
Source: 
Samsung
Title: 
Antenna calibrations for TDD CoMP
Document for:
Discussion
1 Introduction
Coordinated multi-point (CoMP) transmission/reception has been discussed as an important technique of LTE advanced (LTE-A) to improve the cell edge performance [1]. According to the way-forward as discussed during 3GPP RAN1 #57 as well as in the email reflector [7,8], it was agreed upon that the CoMP feedback formats can be categorized as:

· Explicit Feedback

· Channel as observed by the receiver, without assuming any transmission or receiver processing

· Implicit Feedback

· Feedback mechanisms that use hypotheses of different transmission and/or reception processing, e.g., CQI/PMI/RI

· Sounding Reference Signal

· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity.
In the TDD mode, the sounding reference signals (SRS) can be used as an effective feedback mechanism by exploiting channel reciprocity and the feedback overhead can be reduced. However, channel reciprocity is guaranteed only for propagation channels. Hence, antennas calibration should be performed fully exploit channel reciprocity [3-6]. For single-cell transmissions, intra-cell antenna calibration is needed. On the other hand, if multiple cells are used for joint transmissions, inter-cell antenna calibration should be performed. If antennas of different transmission points are not calibrated, then the CoMP performance will be degraded. In this contribution, we will investigate the issue on antenna calibration for CoMP joint transmissions in the TDD mode.
2 TDD CoMP feedback using SRS
The cells belonging to a CoMP reporting set can have the knowledge of the downlink (DL) channel state of a UE by estimating the received SRS, which is transmitted from the UE [2]. 
Let us consider a CoMP configuration with two eNBs and two UEs as illustrated in Figure 1. By receiving the SRS transmitted by UE1, both eNB1 and eNB2 estimate the channel H11 and H12 of UE1, respectively. Similarly, eNB1 and eNB2 estimate the channel H21 and H22 of UE2, respectively. The channel estimates of H11, H21, H12, and H22 are used for CoMP scheduling and precoding. 
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Figure 1. TDD CoMP feedback using SRS.
3 Antenna Calibrations for TDD CoMP
TDD systems assure channel reciprocity only for the physical propagation channel. Since different RF chains are used in reception and transmission for each antenna and the properties of RF chains can be varied by temperature, humidity, etc, antenna calibrations are necessary in order to fully exploit channel reciprocity.

The objective of antenna calibrations is to make same amplitude and phase ratio between the RF transmitter chain and receiver chain for all the antennas. After antenna calibrations, therefore, following equations should be satisfied.


[image: image2.wmf],,,

,,,

(1)(2)()

(1)(2)()

mTmTmTB

m

mRmRmRB

N

N

aaa

l

aaa

====

L

,
(1)


[image: image3.wmf],,,

,,,

(1)(2)()

(1)(2)()

kTkTkTUE

k

kRkRkRUE

N

N

bbb

m

bbb

====

L

,
(2)
where 
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  are the RF factors on the transmitter chain and receiver chain for the i-th antenna at the m-th eNB, respectively. 
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 is a constant at the m-th eNB and NB denotes the number of antennas at eNBs. 
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  are the RF factors on the transmitter chain and receiver chain for the i-th antenna at the k-th UE, respectively. 
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 is a constant at the k-th UE and NUE is the number of antennas at UE.
In the LTE TDD mode, the self calibration is considered to guarantee channel reciprocity [3,4]. The calibration operation of this conventional scheme is as follows: One of the antennas is defined as a reference transmitter and a test signal transmitted from the reference antenna is measured at the receivers of all the other antennas. Based on the measurements, the base-band processing with appropriate calibration parameters is built to compensate the differences between the transmitter chain and receiver chain of all the antenna elements. According to this scheme, the antenna calibration is performed at each eNB individually. Since not only the selected reference antenna but also the properties of RF chains between eNBs could be different, constants 
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 are likely to be different between eNBs. After antenna calibration at both eNB and UE, the DL and UL channel relationship can be expressed as follows:
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where 
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 denotes the equivalent DL channel matrix between the m-th eNB and the k-th UE including the RF factors of the transmitter chain at the eNB and the receiver chain at the UE, and 
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 denotes the equivalent UL channel matrix between the m-th eNB and the k-th UE including the RF factors of the receiver chain at the eNB and the transmitter chain at the UE. 
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 is a complex constant ration between 
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denotes the matrix transpose operation. If 
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 is different between eNBs, 
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 will also be different between eNBs.
Let us consider CoMP coherent joint transmissions from two eNBs for the k-th UE with single antenna. Assuming maximal ratio transmission, the m-th eNB will use the following beamforming weight for the k-th UE:
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where || . || and 
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denote the vector norm and the matrix hermitian operation. Then, the received signal at the k-th UE is given by
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where sk and nk denote the transmitted signal and a complex Gaussian noise vector for the k-th UE.
As shown in equation (5), the performance of the CoMP coherent joint transmissions depends on 
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. To maximize SINR, the phase of 
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 should be aligned between the CoMP transmission points. From this observation, we can conclude that it is important for all geographically separated CoMP transmission points to keep the alignment of 
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, the complex ratio between UL and DL equivalent channels. However, as mentioned above, the conventional antenna calibration is performed at each eNB individually, so that it is hard to keep the alignment of 
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. Therefore, we need to investigate how to support inter-eNB antenna calibrations for CoMP joint transmissions in the TDD mode.

4 Specification issues for Rel-10 CoMP

From RAN1#59bis, it was greed that for LTE-A Rel-10 any DL CoMP scheme will not include any new standardised X2 interface communication for support of multi-vendor inter-eNB CoMP [8]. This agreement says that eNB’s antennas used for Rel-10 DL CoMP should belong to a cell. Accordingly, no specification is needed for inter-cell antenna calibrations at all. A remaining issue is whether to specify a method for inter-eNB antenna calibrations. Note that LTE TDD systems just rely on implementation-based antenna calibrations to take advantage of channel reciprocity. Similarly, LTE-A TDD systems would not require any specification support for inter-eNB antenna calibrations since all the antennas belong to a cell and the cell can perform self calibrations.
5 Conclusions
In this contribution, we observed that the performance of CoMP joint transmissions depends on how accurately inter-cell antennas are calibrated. When inter-cell antennas are not calibrated, SRS measurements cannot be used to predict the DL channels.
Since only intra-cell DL CoMP will be supported in LTE-A Rel-10, however, we suggest that inter-cell antenna calibrations for CoMP joint transmissions do not need to be specified in the TDD mode.
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