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Codebook-Based Combined Precoding Across Multiple BSs

Yang Song, Xiaolong Zhu, Dong Li 

Alcatel Shanghai Bell 

Introduction

Precoding is a promising closed-loop SU-MIMO technique that can be used to considerably enhance the link quality or throughput of a single user. On the other side, there are some scenarios that multiple base stations (BSs) transmit signals to a common mobile station (MS), usually an edge-user, e.g., macro diversity, and multi-cell coordination techniques such as collaborative MIMO, etc. In such cases, two or more BSs transmitting the same data to a MS at the same time interval such that diversity combining can be performed by the MS and meanwhile a large portion of interference can be mitigated. In the cases of multiple BSs transmitting signals to a MS, combined precoding across the coordinating BSs is employed to make good use of combined MIMO channel and further improve the user performance.
This contribution is to provide a feasible implementation method of codebook-based combined precoding cross multiple BSs with low complexity whenever multiple BSs intend to serve one or more common MSs in the downlink.
Rationale
When multiple BSs are cooperatively transmitting signals to a common MS, e.g., macro diversity, multi-cell MIMO etc., the MS is able to estimate the channel matrix of the combined channel from multiple BSs if appropriate pilot pattern are designed. With the estimated combined channel matrix, the MS can obtain and feed back the preferred precoding matrix index (PMI) to the multiple BSs in coordination which keep the same precoding matrix codebook. With a duplicate of the user data stream, each BS in cooperation shall precode the data with the indicated combined precoding matrix or corresponding sub-matrix block of the combined precoding matrix.

Assume two BSs are serving a common MS at the same time-frequency block, each BS has 
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 transmit antennas, and the commonly served MS has 
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 receive antennas. The channel matrices from serving BS to the MS and coordinating BS are represented by 
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. Codebook-based combined precoding across multiple BSs operates in the following procedures:

1. The commonly served MS measures the combined channel 
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If collided pilots from two BSs are received, the common MS can only estimate the summation of 
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. In the case that separate pilots received from two BSs, the common MS is able to estimate 
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 from its serving BS and coordinating BS respectively. Thus, the combined channel would be a 
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What’s more, to reduce the dimension of combined channel matrix or realize another precoding step such as SDMA, an inner precoding as regular single cell SU-MIMO/MU-MIMO precoding within a single BS can be conducted. The term “inner precoding” is used in the context to separate with “combined precoding”. If separate pilots from the two BSs are received, based on 
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 the MS can select the best precoding matrices 
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 for its serving and coordinating BSs respectively. If uplink sounding signal from the common MS can be received by both BSs in cooperation in TDD system, either one BS can calculate the inner precoding matrix by itself. The dimension of 
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 are the ranks of inner precoding matrix of serving and coordinating BS. Thus, the combined channel can be written as [image: image24.wmf]]
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) depending on the pilot pattern from the BSs in cooperation.
2. The common MS selects its preferred combined precoding matrix [image: image29.wmf]C

W

 and rank 
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. This operation is the same as SU-MIMO precoding matrix selection.

For combined channel 
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Common or different precoding codebooks can be used by inner precoding and combined precoding.

3. The common MS feeds back the PMI and rank of combined precoding matrix to the BSs in coordinating.
If the MS only has an uplink connection with the serving BS, it feeds back the PMI and rank of combined precoding to the serving BS, by which forwards the PMI and rank to the coordinating BS. By doing this, only a few bits are transferred over backhaul network. If the MS has uplink connections with both BSs, the MS can feed back PMI and rank to both BSs. The PMI and rank of inner precoding may also be fed back at the same time.

4. With the data stream for the common user, either BS in cooperation precodes the data with the indicated combined precoding matrix or corresponding sub-matrix block of the combined precoding matrix, followed by an inner precoding if needed.

For combined channel 
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, precoding at the serving BS and the coordinating BS can be written as 
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Figure 1 shows an illustration of above steps for the PMI forwarding case.
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Figure 1

The precoding block diagrams of summated and separated combined channels are plotted in Figure 2. If no inner precoding is applied, the inner precoding blocks can be skipped or all the inner precoding matrices can be regarded as identity matrices. 


[image: image71.emf] 

CI

RR

C



)(W

I

T

RN

I



)(

1

W

1

)(



C

R

d

CI

RR

C



)(W

I

T

RN

I



)(

2

W

1

)(



C

R

d

Inner precoding 

Serving BS 

Coordinating BS 

Combined 

precoding 

    
[image: image72.emf] 

CI

RR

C



1

)(

1

W

I

T

RN

I

1

)(

1



W

1

)(



C

R

d

CI

RR

C



2

)(

2

W

I

T

RN

I

2

)(

2



W

1

)(



C

R

d

Inner precoding 

Serving BS 

Coordinating BS 

Combined 

precoding 

















C

C

RRR

C

CII

2

1

)(

21

)(

W

W

W


a) Precoding of summated combined channel


b) Precoding of separated combined channel

Figure 2  Precoding block diagrams

Received signal for summated combined channel can be written as 
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 is the interference plus noise vector. For separated combined channel, received signal is 
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Codebook-based combined precoding across multiple BSs has the advantages of user performance improvement, low implementation complexity, low requirement on the backhaul. It can be regarded as an enhancement of macro-diversity, multi-cell MIMO and applied to both FDD and TDD systems.

Proposed text to SDD

[add the following text in the end of Section 20.2.2.1.1 in page 154, Line 18]

When multiple ABSs are cooperatively transmitting signals to a common AMS, e.g., macro diversity, multi-ABS MIMO etc., the AMS is able to estimate the channel matrix of the combined channel from multiple ABSs, select and feed back the preferred PMI to the multiple ABSs. Each ABS in cooperation shall precode the common user data with the indicated combined precoding matrix or corresponding sub-matrix block of the combined precoding matrix.
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