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1. Introduction
The initial specification of requirements for LTE-Advanced [1] has been approved in RAN#40, May 2008. To meet the requirements, physical technology proposals have been discussed in RAN1#53 [2] and RAN1#53BIS [3]. Enhancement of MIMO technologies has been proposed as one of the most effective approaches for LTE-Advanced, where single user (SU) MIMO, multi-user (MU) MIMO and network MIMO can improve spectrum efficiency to achieve higher system capacity, and network MIMO can further support inter-cell interference management to improve cell edge performance [4]-[8].
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Fig. 1.  Various MIMO modes in a system.
Figure 1 shows the case in which various MIMO modes including SU-MIMO, MU-MIMO and network MIMO coexist in a system. Either of SU-MIMO and MU-MIMO is provided by one eNB to the UEs within one cell, while network MIMO is provided by multiple eNBs with a controller to the UEs who may belong to different cells. The arrangement of MIMO modes is determined by the controller and eNBs based on the system requirements and the channel states of UEs. It is obvious that adjusting the arrangement of MIMO modes according to the change of either system requirements or the channel states of UEs is indispensable to the system. We call it as dynamic switching of various MIMO modes, which should be an important study topic in LTE-Advanced. And we will discuss the dynamic switching details such as timing, strategies and procedures in future meetings. In this contribution, we focus the complexity issue on the dynamic switching and propose an overhead reduction method so as to make it feasible.
2. Overhead Reduction by Autonomic Feedback
The dynamic switching of various MIMO modes faces a challenge of complexity, since the controller and eNBs need get the channel information of all UEs in order to determine the suitable arrangement of MIMO modes at every switching time. A large quantity of feedback and the extra time for getting all UEs’ feedback will result in an enormous overhead. Therefore, overhead reduction is a key issue for dynamic switching of various MIMO modes.
This section proposes an approach to reduce the overhead so as to make dynamic switching feasible, where an autonomic feedback function endowed with UEs, by which the channel information of UEs can be effectively reported to the eNB. The core of this function comprises the 3 steps as follows:
(1)When the eNB need the feedback of channel information from UEs, eNBs can specify the feedback type and inform the UEs the knowledge about the channel information kept in the eNB.

(2)After UEs estimate their current channel states, UEs compare the new channel information with the channel information known by the eNB in terms of some criterion.

(3)Based on the compare result, UEs autonomically judge whether the channel information known by the eNB is still applicable for the current state or not.
For a concrete instance, Fig.2 shows a signal format sent by an eNB to enable the above steps. The format comprises of the main fields including Feedback Type, Channel Information known by eNB before feedback, Compare Criterion and Threshold for an UE.
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Fig.2.  An signal format for the proposed function.
(i) The field of ‘Feedback Type’ designates the UE’s feedback type required by eNB. Table1 gives an example of using different values to tell the UE to send different feedback:
Table 1  Values indicating feedback types

	Value
	Feedback Type

	00
	The state information of the channel between the UE and the eNB (for SU-/MU- MIMO)

	01
	The state information of the channels between the UE and multiple eNBs (for network MIMO)

	10
	The result of judgement in Step (3), namely, ‘Applicable’ or ‘Not Applicable’

	11
	A sign only sent by the UE when the result of judgement in Step (3) is ‘Not Applicable’


Either ‘00’ or ‘01’ indicates the conventional feedback, namely, full feedback, which can also be used for the initial channel information collection. On the other hand, either ‘10’ or ‘11’ indicates the proposed autonomic feedback, where the feedback is sent only from the UE whose channel information update is necessary. Furthermore, ‘11’ supports an extreme reduction of feedback.
(ii) The field of ‘Channel Information known at eNB before feedback’ informs the UE the knowledge on its channel information at the eNB. Table 2 gives an example.

Table 2  Values indicating channel information known at eNB

	Value
	Channel Information known at eNB before feedback

	00
	eNB knows nothing about channel information (for the initial state)

	01
	eNB knows the latest channel information reported by the UE

	10
	eNB estimates the channel information by some predicting methods

	11
	eNB uses a specified channel information in a database that is shared between the UE and eNB


(iii) The field of ‘Compare Criterion’ designates the types of strategies by which UE compares the current channel information with the channel information kept in eNB. For example, we can use ‘0’ to indicate the correlation of the two channel information and ‘1’ to indicate the estimated BER with the channel information kept in eNB.

(iv) The field of ‘Compare Threshold’ designates the value by which the judgement of Step (3) is made. For example, the threshold may be ‘0.9’ if the judgement criterion is that the correlation is less than 0.9, or the threshold may be ‘3’ if that the judgement criterion is the estimated BER is more than 0.001 (1e-3).
3. Conclusion
Enhancement of MIMO including SU-MIMO, MU-MIMO and network MIMO has been considered as a candidate technology for LTE-Advanced. The dynamic switching of such various MIMO modes has drawn our interest as an important approach to answer the change of both system requirements and UEs’ channel states. Since dynamically switching results in a large overhead due to the increasing feedback of channel information and the extra cost for getting all UEs’ feedback, we have proposed an overhead reduction approach in this contribution. Through a function at UEs to judge whether the channel information update is necessary, the controller and eNBs can effectively collect the channel information and limit the feedback to a reasonable amount. The proposed overhead reduction method can make dynamic switching easier implementation.
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