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Distributed sounding allocation for multi-cell MIMO
Keying WU, Hongwei YANG, Liyu CAI, Dong LI, Xiaolong ZHU 
Alcatel Shanghai Bell Co., Ltd.
1
Introduction
IEEE 802.16m targets for a high improvement over IEEE 802.16e, in terms of peak data rate, sector throughput, and coverage, etc. A major obstacle to these objectives comes from the inter-cell interference (ICI), especially with universal frequency reuse. To solve this problem, various techniques have been proposed and discussed, among which the multi-cell MIMO is one of the most promising solutions, which can significantly improve the cell-edge performance as well as sector throughput. 

Multi-cell MIMO allows several BSs to perform joint MIMO transmission for multiple MSs attached to different BSs over the same time-frequency resource. Multiuser precoding is usually performed at each BS for enhanced MIMO transmission. For effective multiuser precoding, each BS needs to know the channel state information (CSI) of all MSs involved in the coordinative transmission, and uplink sounding is an effective method for CSI acquisition in the time division duplex (TDD) mode. When performing channel estimation using uplink sounding, MSs jointly served by the same BS (BSs) will cause serious interference to each other, since they typically have similar path losses from the coordinating BSs. To avoid such inter-user interference in the sounding transmission, orthogonal sounding patterns should be assigned to MSs served by the same BS (BSs). For this purpose, joint sounding allocation among coordinating BSs is required since these MSs might be attached to different BSs. 
In 802.16e, the sounding mechanism has already been defined as a means for the BS to acquire downlink CSI in the TDD mode. However, in 802.16e the sounding patterns for each MS (including the cyclic shift index and the positions of the sounding zone in which the MS will transmit sounding signals) is allocated by its attached BS independently, without cooperation and information exchange with other BSs. Joint sounding allocation among several BSs is not supported by the current sounding mechanism in 802.16e. In this contribution, we propose a distributed joint sounding allocation technique for multi-cell MIMO, to facilitate the implementation of multi-cell MIMO in TDD. This technique has two properties: 
1) It guarantees orthogonal sounding transmission for MSs served by the same BSs.

2) It avoids the use of a central control unit for joint sounding allocation, which is important from the network flat architecture point of view.

We propose to support in IEEE 802.16m joint sounding allocation among coordinating BSs to facilitate multi-cell MIMO in the TDD mode. We also propose to accept the technique presented in this contribution as a solution to joint sounding allocation for multi-cell MIMO in IEEE 802.16m. 

2
Problem Statement 
We consider a cellular system with B BSs and K MSs. In multi-cell MIMO, one BS may serve several MSs attached to different BSs, and one MS may receive services from several BSs. Fig. 1 gives some examples of the serving relationship in multi-cell MIMO. Each BS performs multiuser precoding for the MSs that it serves, so as to control their CCI. In order to compute the precoding matrixes, the BS needs to know the CSI of all the MSs involved in the coordinative transmission. In this contribution, the TDD mode is considered and the BS can acquire CSI using uplink sounding. When performing channel estimation (CE) using uplink sounding, inter-MS interference might be significant due to their similar path losses to the serving BS (BSs). To avoid such interference and guarantee high-quality CE, orthogonal sounding patterns, in terms of either cyclic shift separability or decimated subcarriers, are preferred for MSs served by the same BS (BSs). For example, MS-1 and MS-2 in Fig. 1(a) should use orthogonal pilot patterns, but MS-3 can use the same pattern as MS-1 or MS-2. Note that the MSs served by the same BS (BSs) may be attached to different BSs in multi-cell MIMO. With the sounding mechanism defined in 802.16e, their sounding patterns are assigned by their attached BSs independently, so it cannot be guaranteed that orthogonal sounding patterns will be allocated to these MSs. To solve this problem, a joint operation is required among coordinating BSs, which needs to solve the following two problems:
1) How to coordinate the sounding allocation among coordinating BSs, so that MSs served by the same BS (BSs) will be assigned orthogonal sounding patterns.

2) How to realize 1) in a distributed manner without a central control unit, which is the requirement of the network flat architecture.

In the following, we will introduce a distributed sounding allocation technique to solve these two problems.
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Figure 1. Some examples of the serving relationship in multi-cell MIMO
3
A Distributed Sounding Allocation Technique 
In the following, we always assume that the serving relationship between BSs and MSs has been determined. We first introduce some definitions to simplify the following discussion: 

Co-BS:
The BS that jointly serves at least one MS with another BS/other BSs. BS-A is called the Co-BS of MS-B if MS-B is jointly served by BS-A and another BS/other BSs.
Co-MS: 
The MS that is served by more than one BS jointly. MS-A is called the Co-MS of BS-B if MS-A is jointly served by BS-B and another BS/other BSs.
As-BS:
BS-A is called the As-BS of BS-B if BSs A and B jointly serve at least one MS.
Divide the available sounding resource into several orthogonal sounding patterns. This can be implemented using both cyclic shift separability and decimated subcarriers. Each BS is assigned a particular part of the sounding patterns, referred to as the prior sounding patterns of this BS. A BS is allowed to use all sounding patterns, but with different priorities, i.e., the prior sounding patterns first, and then the others. The proposed distributed sounding allocation technique consists of the following three steps.
Step 1:
Sounding allocation responsibility negotiation among Co-BSs. 
If a MS is jointly served by more than one BS, its Co-BSs need to negotiate which one will be responsible for the sounding allocation of this MS. 
a) Each BS is responsible for the sounding allocation of the MSs attached to it.

b) Negotiation for Co-BSs:
· AS-BSs exchange the numbers of MSs under their charges.
· AS-BSs can re-assign their sounding allocation responsibilities if some of them have a low load of sounding allocation responsibility, while others have a relatively high load. After re-assignment, AS-BSs should have more even loads of the sounding allocation responsibilities.
Step 2:
Sounding allocation at each BS.
a) For a non-Co-BS: It can use all sounding patterns. 
b) For a Co-BS: It first assigns sounding patterns for Co-MSs, and then for non-Co-MSs.

· For Co-MSs: The BS first uses its prior patterns. If there are not enough prior patterns, it uses the prior patterns of those of its AS-BSs whose Co-MSs has already got sounding patterns.
· For non-Co-MSs: The BS selects sounding patterns from the rest of all patterns. 
Step 3:
Sounding information exchange.

Co-BSs exchange the sounding information of their Co-MSs, so that the sounding signals of each Co-MS can be received by all its Co-BSs.
3.1
Some examples
We use several examples to illustrate the effectiveness of the above technique. Here we employ the cell-layout in Fig. 2, and assume that coordination only happens among adjacent BSs. For example, BS-1 in Fig. 2 only collaborates with BSs 2~7. We divide the available sounding resource into seven orthogonal sounding patterns p1~p7, and assign each BS one particular sounding pattern as its priori sounding pattern. Adjacent BSs are assigned different priori sounding patterns, as illustrated in Fig. 2. 
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Figure 2. Cell layout
Example 1
Consider the serving relationship in Fig. 3. The prior pattern of each BS is shown in the bracket. Assume that MS-1 is attached to BS-1, MS-2 is attached to BS-2 and MS-3 is attached to BS-3. The sounding allocation process is listed below.

Sounding allocation responsibility negotiation 

1. BS-1 is responsible for the sounding allocation of MS-1, BS-2 is responsible for MS-2, and BS-3 is responsible for MS-3.
2. BSs exchange the numbers of MSs under their charges.
3. No negotiation is needed.
Sounding allocation at each BS
1. BS-1: It allocates its priori pattern p1 to MS-1.
2. BS-2: It allocates its priori pattern p2 to MS-2.
3. BS-3: It allocates its priori pattern p3 to MS-3.
Sounding information exchange

1. BS-1 forwards the sounding information of MS-1 to BS-2.

2. BS-2 forwards the sounding information of MS-2 to BS-3.

3. BS-3 forwards the sounding information of MS-3 to BS-1.
The result of sounding allocation is also shown in Fig.3. As we can see, the MSs served by the same BS are assigned orthogonal sounding patterns.
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Figure 3. The serving relationship in Example 1, where the prior pattern of each BS is listed in the bracket
Example 2

Consider the serving relationship in Fig. 4. The prior pattern of each BS is shown in the bracket. Assume that MS-1 and MS-2 are attached to BS-2, and MS-3 and MS-4 are attached to BS-4. The sounding allocation process is listed below.

Sounding allocation responsibility negotiation 

1. BS-1 and BS-3 are not responsible for the sounding allocation of any Co-MSs, BS-2 is responsible for MS-1 and MS-2, BS-4 is responsible for MS-3 and MS-4.
2. BSs exchange the numbers of MSs under their charges.
3. Negotiation 
a) BS-1 has no responsibility, and both its As-BSs have two MSs in charge. BS-1 randomly selects one MS from MS-1 and MS-3, and takes the responsibility of sounding allocation for this MS. We assume that BS-1 selects MS-1.
b) Similarly, BS-3 has no responsibility, and both its As-BSs have two MSs in charge. It randomly selects one MS from MS-2 and MS-4, and takes the responsibility of sounding allocation for this MS. We assume that BS-3 selects MS-2.
c) BS-1 and BS-3 send messages to the relevant BSs.
4. The responsibility of each BS after negotiation: BS-1 ( MS-1; BS-3 ( MS-2; BS-4 ( MS-3 and MS-4.
Sounding allocation at each BS
1. BS-1: It allocates its priori pattern p1 to MS-1.
2. BS-3: It allocates its priori pattern p3 to MS-2.
3. BS-4: 
a) It allocates its priori pattern p4 to MS-3.
b) It allocates the priori pattern p1 of BS-1 to MS-4.
Sounding information exchange

1. BS-1 forwards the sounding information of MS-1 to BS-2.

2. BS-3 forwards the sounding information of MS-2 to BS-2.

3. BS-4 forwards the sounding information of MS-3 and MS-4 to BS-1 and BS-3, respectively.

From above, we can see that orthogonal sounding patterns are used for MSs served by the same BSs. MS-1 and MS-4 are assigned the same pattern, but this is allowed since they are served by different BSs.
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Figure 4. The serving relationship in Example 2, where the prior pattern of each BS is listed in the bracket
4.
Conclusions

In this contribution, we propose a distributed solution to joint sounding allocation for multi-cell MIMO. It facilitates the implementation of multi-cell MIMO in the TDD mode, providing a sounding-based approach for each BS to acquire the CSI of the MSs jointly served by itself and another BS/other BSs. This technique guarantees the orthogonality among the sounding transmissions from MSs served by the same BS (BSs), and avoids the use of a central control unit for joint sounding allocation. We recommend supporting joint sounding allocation for multi-cell MIMO in IEEE 802.16m. We also recommend accepting the proposed technique as a distributed solution to joint sounding allocation for multi-cell MIMO in IEEE 802.16m.
Text Proposal to SDD
------------------------------------Start text proposal------------------------------------
11.x.2.3 UL Sounding Channel
11.x.2.3.3 UL sounding for multi-cell MIMO
In multi-cell MIMO, MSs served by the same BS (BSs) can use orthogonal sounding patterns, in terms of either cyclic shift separability or decimated subcarriers. For this purpose, the sounding resource is divided into several orthogonal sounding patterns. Each BS is assigned a particular part of the sounding patterns, referred to as the prior sounding patterns of this BS. If a BS serves MSs in both single-cell MIMO and multi-cell MIMO modes, it first allocates sounding patterns to the MSs in the multi-cell MIMO mode using the prior sounding patterns, then to the MSs in the single-cell MIMO mode using the rest of all sounding patterns.
------------------------------------End text proposal------------------------------------


  


