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Proposed SDD Text for
Femtocell Cooperative MIMO Support

Ping-Heng Kuo, Yu-Tao Hsieh, Pang-An Ting,

ITRI
Introduction
In the current system description document (SDD) of IEEE 802.16m [1], multiple-input multiple-output (MIMO) techniques are supported by the femtocells for throughput enhancement and interference mitigation.
In some circumstances, due to restrictions on physical sizes, only single antenna can be equipped at the mobile stations (MS). Thus, Single-User MIMO can not be applied in these cases. Many research papers in the existing literature have suggested that mobile cooperation can resolve such bottleneck by sharing the antennas of other users. For instance, if there are two users (each with Nt = 1 antenna) who can exchange information with each other, the link between this pair of MSs and the base station (BS) can be seen as a virtual Nr x 2 MIMO channel, where Nr > 1 represents the number of antennas at the BS. Hence, MIMO-based transmission technologies such as distributed STBC and distributed spatial multiplexing can be leveraged to improve the system performance. Along with the advantages of MIMO transmission, cooperative communications also offer many other benefits such as reductions in energy consumptions (see [2] and references therein).
The implementation of a cooperative scheme is, however, not easy due to many other practical issues, especially in macrocell scenarios. For example, it is essential to ensure that the information exchange at the MS side is error-free, because the cooperation becomes pointless if the data received by the BS is erroneous in the first place. 
Nevertheless, cooperative communication is much more feasible in femtocell scenarios, due to the following facts:
1. The coverage area of a femtocell is much smaller. Therefore, it is reasonable to presume that the MSs are separated by small distances.

2. The femtocells are mainly applied in indoor environments, so the MS mobility levels are generally very low. 

Based on the first fact, multiple MSs that are in proximity can form a cooperative cluster [3], as shown in Fig. X. The intra-cluster communication (usually referred to as “Phase 1 transmission”) can be carried out by short-range radio transmission techniques. The MSs within a cluster can exchange data robustly as they are close to each other. Some researchers have modeled the intra-cluster links as AWGN channels [4, 5]. Additionally, due to low mobility levels of femtocell users, frequent clustering process and partner selection are not required. Hence, cluster-based MS cooperation can be incorporated in femtocells without using too much system resources.
We suggest to outline the MS cooperation schemes in the femtocell section of SDD.
Text Proposal
----------------------------------------------------------Start of text ---------------------------------------------------------
17.10 MIMO Support

Femto BS may support multi-antenna techniques for improved throughput and interference mitigation performance.

MIMO techniques can also be applied in femtocell uplink via MS cooperation. In particular, MSs in close proximity to each other can share their data to emulate a single entity with multiple antennas.
Figure X illustrates a simple topology of a MS cooperation-based MIMO scheme for femtocells. In Fig. X, MS1 is the scheduled user while MS2 is an unscheduled user nearby, and MS2 can assist MS1 to perform uplink MIMO transmission by sharing its antenna. Once MS2 has successfully received and decoded the data from MS1 in Phase 1, the rest of the transmission procedure (Phase 2) is equivalent to a conventional point-to-point MIMO signaling. SFBC and spatial multiplexing can be supported to provide higher reliability and data rate, respectively. 
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Figure X: MS cooperative-based MIMO scheme for uplink transmission in femtocells.
----------------------------------------------------------End of text ---------------------------------------------------------
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