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Virtual MIMO Communication
Anubala Varikat, Viswanatha Rao Thumparthy 
Sasken Communication Technologies Ltd. 

Bharath Somayaji, Anup Gunaseelan, Krishnamurthy Giridhar 
Indian Institute of Technology, Madras
Functionalities that support Virtual MIMO (V-MIMO) communication using the antennas of neighbor subscriber stations are suggested for inclusion in the SDD for 802.16m. They would serve as enablers not just for V-MIMO communication, but for efficient short-range communication of other kinds as well.
Description of the concept
Two factors that limit the gains that are practically and realistically achievable in MIMO systems are the following. First, due to correlation between closely spaced antennas, the MIMO gains can be reduced significantly. On spatially constrained devices like handsets, it is problematic to accommodate more than two to four antennas with adequate spacing. Second, the hardware complexity and the number of RF chains goes up, limiting the number of antennas that are feasible.

To solve these problems, the use of cooperative or virtual MIMO techniques between Subscriber Stations (SSs) is promising. An SS that wishes to communicate with a BS first finds other SSs in the vicinity that would be willing to communicate its data. For example, if the SS wishes to transmit data to the BS, it shares the data with these neighboring SSs. Once the sharing of data has been done, the SSs transmit the data in one slot, as if they were multiple antennas on a single device engaging in MIMO transmission. Similar operations occur on the downlink. Fig. 1 illustrates a V-MIMO system as considered.
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Figure 1. A virtual MIMO system

To make cooperative MIMO communication possible, an inter-SS link (IL) needs to be implemented. 
The relaying strategies for the IL need to be designed taking into consideration the special features of the uplink and the downlink communication. Especially for the downlink communication, spatial re-use of the IL will be crucial for obtaining overall improvements in spectral efficiency.

If location information of the SSs is available at the BS, it would help efficient spatial re-use of the resources used for the IL with centralized resource allocation schemes. Also, to help in certain localized resource allocation schemes and neighbor discovery schemes, location information of SSs at the SSs themselves would be helpful.

The IL could use a short-range high rate RAT different from that used for the UL/DL. A benefit of such an approach is that the technology can be optimized for short-range communication, i.e., for a range of not more than a few meters. An example of such a technology could be UWB. 

However, the re-use of WiMAX technology for the link is attractive in requiring only a single RF chain and PHY for carrying out MIMO communication.

One option for IL communication using re-use of WiMAX would be to accommodate it within the existing WiMAX frame structure, consisting of DL and UL sub-frames, by allocating a few of the sub-channels for IL communication. 

A problem with this scheme is that power control for both the short-range IL and the long-range DL/UL within the same OFDMA symbol can be problematic. For example, for DL data transfer at the cell-edge, an SS will need to transmit fairly high levels of power on the IL so as to maintain a balance with adjacent sub-carriers being used for the long-range UL communication by the SSs of the V-MIMO cluster or by other SSs in the vicinity. This could seriously hamper the ability to optimize spatial re-use of the IL.

Another problem with the scheme is that the ramping up and down of the transmitters on the IL could lead to distortion in the signals on neighboring symbols and sub-carriers.

Hence it is preferable to define a separate time zone for the IL communication. This is illustrated in Fig. 2.

Figure 2. IL communication on a separate time zone

Due to the power and antenna size constraints on handsets, a very short range communication is envisaged between two SSs. Consequently, much smaller cyclic prefixes can be considered for the IL communication. So as to support backward compatibility with 802.16e, the IL zone duration can be kept at an integer multiple of OFDM symbols. The additional time saved through the shortening of the cyclic prefix can be accumulated and used as guard periods for switching between transmit and receive modes. This will prevent distortion of the UL/DL signals on neighboring time zones due to ramping up and down of transmitters, and provide sufficient time for switching between transmit and receive modes. Higher order modulation and higher rate coding schemes may also be considered for the IL communication.
The IL zone may be used for short range communication of other kinds as well, for example, as a substitute for a technology like Bluetooth.
The number of SSs available in the vicinity for formation of a virtual MIMO cluster changes continuously. The BS would need to be notified continually of the number of antennas with which an SS will communicate at a point in time when in V-MIMO mode.

Additions suggested in the SDD
· Support for at least 8 antennas on the BS and 8 x 8 MIMO communication, so that V-MIMO communication using the antennas of SSs or Relays in the close vicinity can be exploited.
· Uplink messaging to notify the BS of the number of antennas with which an SS will communicate at a point in time when in V-MIMO mode.

The inter-SS communication can be implemented using an alternative technology, or through re-use of WiMAX. For re-use of WiMAX, support for the following functionalities is suggested in addition to the above.
· A separate time zone with adaptable duration for the inter-SS communication, called the IL (Inter-SS Link) zone.

· Location information of the SSs at the BS.
· Location information of SSs on the DL-MAP.
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