3GPP TSG RAN WG1 #57bis meeting

R1-092441
Los Angeles, USA, June 29 – July 3, 2009


Source: 

Mitsubishi Electric
Title:


Discussion on Precoded SRS
Agenda Item:

15.5
Document for:
Discussion/Decision
1 Introduction
In RAN1 #57 meeting and e-mail discussions, it was agreed that the baseline for sounding reference signal in LTE-advanced is non-precoded and antenna-specific [1]. At the same time, precoded SRS remains as a topic for further study. This contribution discusses the possibility of introducing precoded SRS for LTE-Advanced TDD. Introducing precoded SRS for FDD is for further study.
2 Transmission Control Scheme Based on Precoded SRS
　First, we describe a transmission control scheme based on precoded SRS. When a M-antenna UE transmits m  (
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) SRSs precoded by a M x m matrix V, the eNB measures the channel HTV as shown in Fig. 1(a), where H is the DL channel matrix. The UL channel matrix is given by HT assuming channel reciprocity. Calibration aspects to exploit reciprocity are discussed in section 5.
If the UE converts the received signals using matrix VT in downlink, the virtual channel from the eNB to UE’s output is expressed as VTH as shown in Fig. 1(b). Since channel reciprocity holds on the virtual channel, i.e., the uplink virtual channel is (HTV)T=VTH, any transmission control can be applied on the virtual channel. For instance, the eNB can use the virtual channel response not only for UL scheduling but also for DL beamforming exploiting channel reciprocity. Codebook-based precoding can be applied on the virtual UL channel using the UE structure shown in Fig. 2.
In this control scheme, m virtual antennas are assumed at the UE, where the number m needs to be signaled by the eNB in advance.  The design of matrix V and the receiver structure at UE would be implementation issues.
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Figure 1: Virtual channel when using precoded SRS. 
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Figure 2: UE structure for codebook-based precoding on the virtual channel 
(4-antenna UE, 2 SRSs).
3 Main Advantages of Precoded SRS 
The precoded SRS has the following advantages:
1) Reduced Number of SRSs
In a MIMO channel with rank r<M, the eNB can obtain full CSI through r precoded SRSs instead of M antenna-specific SRSs. In order to clarify this point, let us consider the SVD of
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where M is the number of UE antennas, N is the number of eNB antennas,
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) is the N x M  diagonal matrix with d=min{N,M}. Since 
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, the UE can provide full CSI by transmitting r<M SRSs precoded by 
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. Thus, the use of precoded SRS reduces the number of SRSs for obtaining full CSI when the rank is small.
2) Coverage Enhancement
In TDD, a power-limited UE at cell edge may use non-codebook-based rank-1 precoding. If this UE transmits a SRS precoded by a non-codebook-based rank-1 precoding vector 
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, the eNB obtains partial CSI for PUSCH. Let us consider two cases:
Case A)  A 4-antenna UE transmits an antenna-specific SRS with power Ps/4 from each antenna
Case B)  A 4-antenna UE transmits a single SRS precoded by 
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 with power Ps.
In case B, the eNB can measure partial CSI corresponding to 
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 with approximately 6dB higher SNR than in case A. Note that the UE in case A provides unnecessary partial CSI corresponding to an unused spatial subchannel. Thus, precoded SRS provides an accurate partial CSI for PUSCH leading to a coverage enhancement. The UE can also apply precoding to PUCCH (e.g., ACK/NACK) for coverage enhancement.
3) Capacity Enhancement
In case available SRSs are scarce due to interference from neighbouring cell, many UEs can provide partial CSI through precoded SRS transmission. Assuming that in total 4 SRSs can be multiplexed by orthogonal sequences or FDM for 4 UEs with 4 Tx antennas, let us consider two cases :
  Case C) A single UE transmits antenna-specific SRSs from 4 Tx antennas.
Case D) Each of the 4 UEs transmits a single eigen-precoded SRS from 4 Tx antennas.
In case D, the eNB can schedule eigen-precoded PUSCH signals from many UEs more easily on same resources based on precoded SRSs from many UEs.  Although periodic SRS transmission from different UEs is possible in case C, its reliability greatly depends on the UE velocity. In case D, eNB can support more accurate UL precoding and link adaptation for high-velocity. Since MU-MIMO can achieve higher capacity than SU-MIMO, higher capacity is expected in case D especially for high-velocity UEs.
4) Obtaining DL CSI through interference-aware precoded SRS
According to [2], the UE can let the eNB know the DL CSI through interference-aware precoded SRS. More precisely, the DL CSI is the equivalent channel in white interference-plus-noise environments after whitening the DL spatial interference as shown in Fig. 3 (b). The UE transmits SRSs precoded by the spatial interference matrix, which lets the eNB know the DL CSI exploiting channel reciprocity as shown in Fig. 3 (a). Using the DL CSI, the eNB can estimate the DL channel quality for any DL precoding. Note that the conventional DL CQI reporting only indicates channel quality for a specific DL precoding (reported as PMI), not for any precoding. Indeed, the eNB may not follow the PMI reporting from a UE for instance in case of DL MU-MIMO. In such a case, interference-aware precoded SRS helps the eNB to estimate DL CQI for any precoding. Thus, the eNB can perform not only UL scheduling but also DL precoding and MCS selection through the interference-aware SRS. With this precoded SRS, UE does not need PUCCH transmission for CQI/PMI/RI reporting. SRS without interference aware precoding would not suffice to estimate DL CQI for any precoding, since interference properties would be lacking.
Interference-aware precoding can be jointly used with signal-aware precoding mentioned in 1) to 3) in section 3. If eigen-precoding is used for signal aware-precoding, the downlink channel after the spatial whitening process is eigen-decomposed and the obtained eigenvectors are used for signal-aware precoding as shown in Fig.4.
The interference-aware precoded SRS may increase PAPR at the UE. Nevertheless, this SRS is useful for non-power-limited UEs. 
[image: image39.wmf]Codebook

-

based 

Precoding

(virtual 2 

antennas)

SRS1

SRS2

PU

SCH 

(Layer1)

PU

SCH 

(Layer2)

UE

Interference

-

aware

Precoding

(F

-

1/2

)

T

Precoding

V

Signal

-

awar

e

Precoding

Codebook

-

based 

Precoding

(virtual 2 

antennas)

SRS1

SRS2

PU

SCH 

(Layer1)

PU

SCH 

(Layer2)

UE

Interference

-

aware

Precoding

(F

-

1/2

)

T

Precoding

V

Signal

-

awar

e

Precoding

Signal

-

awar

e

Precoding


    Figure 3: Interference-aware precoded SRS (: Interference-plus-noise covariance matrix) 
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Figure 4: Joint use of signal-aware and interference-aware precoding for SRS transmission          

               (4-antenna UE, 2SRSs).

From above discussions, precoded SRS is considered useful when rank is small, SRS is scarce, UE has power limitation, or DL CSI is needed. 
4 Specification Impact
The precoded SRS under discussion needs the following control information from eNB to UE in LTE-A specifications. 
1) Information about the number of SRSs

The eNB needs to signal the number of SRSs m (=1,2,3,4) to a UE. According to the number, UE computes a precoding matrix V based on DL channel or interference. 
2) Information about interference-aware mode or not
The eNB needs to signal the SRS mode (interference-aware mode or not). If the interference-
aware mode is used, the eNB estimates the DL CSI through the precoded SRSs; otherwise not. 
3) Information about the power parameter  (only in case of interference-aware mode)

In case of interference-aware mode, eNB and UE need to share the virtual transmit power 
at the input of the linear precoding in Fig. 3(a) for DL CSI estimation at eNB. Only in this case,
the eNB needs to signal the power parameter to UE.
The mentioned control information may change depending on traffic load, UE location, or co-channel interference from neighbouring cells. In our view, it is sufficient to signal the control information every 100ms. Since required amount of control information bits is quite small, we consider precoded SRS as effective at small expense in LTE-Advanced.
5 Effect of Antenna Calibration
There are two main approaches in calibration: self-calibration and over-the-air calibration (see appendix A or [3] for technical details). 
1) Self-calibration
In self-calibration, the UE performs bi-directional channel measurements between its own antennas. Thanks to high SNR for the channel measurements, self-calibration keeps fine phase alignment (e.g., phase error can be less than 3
[image: image14.wmf]o

in practical operation at SNR=25dB). However, the UE must be designed for simultaneous transmission and reception at different antennas. 
2) Over-the-air calibration
In over-the-air calibration, bi-directional channel measurements are performed between UE and eNB. Since the SNR between eNB and UE is much lower than SNR between UE antennas, phase alignment tends to be worse than in self-calibration. Nevertheless, over-the-air calibration works well if the phase alignment error at calibration is much less than phase error in channel estimation for precoding. To achieve this condition, it is necessary to perform bi-directional channel measurements between eNB and UE many times. However, over-the-air calibration does not require simultaneous transmission and reception at UE.

In either approach, it is possible to keep calibration phase alignment error much less than phase error in channel estimation for precoding if calibration is properly performed. Then, the effect of calibration on performance is expected to be limited. 
6 Conclusion
We discussed the possibility of having precoded SRS for LTE-Advanced TDD. From the discussion, we see that
· Precoded SRS is effective, when rank is small, SRS is scarce, UE has power limitation, or DL CSI is needed. 

Thus, we propose to allow for precoded SRS in LTE-Advanced TDD.
Appendix : Antenna Calibration [3]
A. Transmission Model 
Fig. 5 shows the signal transmission model in TDD. The measured UL channel 
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are the Tx and Rx analog gains at UE's m-th antenna, respectively. 

The channel reciprocity holds for real channels, i.e. 
[image: image24.wmf])

(

)

(

UL

m

DL

m

g

g

=

.
A calibration compensates mismatch of analog gains by multiplying calibration parameter 
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 to transmit signal at UE's m-th antenna (m=1, ..., M), respectively. In order to exploit channel reciprocity, it is required to have
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Figure 5: Signal transmission model in TDD.
B. An example of over-the-air-calibration (e.g. [4][5])
 UE determines calibration parameter
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 in Fig. 5 as follows :

1. eNB measures 
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2. UE measures
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3. UE determines 
[image: image33.wmf])

(

)

(

/

UL

m

DL

m

m

h

h

c

=

 (m=1, …,M).
C. An example of self-calibration (e.g. [6])
UE determines 
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 based on bi-directional channel measurements between UE’s two antennas as
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where 
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 is the measured channel parameter from UE’s m1-th antenna to UE’s m2-th antenna, as shown in Fig. 5. 
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