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In this contribution, we will describe detailedly how to control the MIMO mode and related MIMO information. 
Text Proposal to SDD

------------------------------------Start text proposal------------------------------------
[Adopt the following text in the ToC of P802.16m System Description Document (SDD)]
11. x MIMO

11.x.x MIMO related control design

11.x.x.1 Mode and Rank adaptation 

From the description above, it can be found that a MS can work in STTD mode, SCW mode or MCW mode. Depending on the BS scheduling, one MS can operate in SU MIMO mode or MU MIMO. BS and MS should know each other the current mode. 

Considering the fact that QoS will keep same during a burst, we suggest MIMO mode including STTD, SCW and MCW should be quasi-static. STTD can be even taken as a special case of SCW. That is, the MIMO mode message can be configured in the session initiation. If needed, the MIMO mode adaptation information can be transferred via Layer 3 signaling. There may be no need to specially design a MAC signaling to let BS or MS know the current MIMO mode. In the mode change duration, the default mode can be taken.
The rank information is a must in SCW mode. There are two options to update the rank information:
· Quasi-static: with this option, the rank information is thought to be a quasi-static parameter. The update information can be transferred via Layer 3 signaling or even exploited from other channel information. 
· Instant: with this option, the rank information is updated every feedback period. In such a quick feedback, a MAC signaling is suitable.
These two options reflect the channel variation speed. 

11.x.x.2 Codebook

We appreciate that different MIMO modes can share the same codebook to reduce the memory requirement. If a certain BS needs a special codebook to schedule users, this codebook should be downloaded to all its users when they make initial access. 
One simple precoding matrix example shown here is created based on DFT matrix with phase rotation and column selection. Let NT denote the number of transmit antennas and 
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 denote the rank. Given the DFT matrix
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 precoding matrix is given as
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The phase rotation matrix 
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The column selection matrix is 
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 permutation matrix.
More codebooks including unitary and non-unitary and nonlinear designs are FFS.
11.x.x.3 Pilot design

11.x.x.4 Feedback (SU, MU)
In TDD systems, usually mobile stations have more receiver antennas than transmitter antennas so base station cannot have full channel status information even using channel reciprocity. A simple solution to this issue is to hybrid the channel information of the non-transmit antenna(s) into the transmit antenna in the MS. In comparison with the traditional method to achieve the full channel information that MS switches its transmit antenna, the hybrid channel feedback technique provides the base station with instant full broadband channel state information corresponding to all antennas of the MS, which makes BS easy to schedule the users. Then It is possible for the base station to schedule different MIMO modes to a user in different subbands even in one packet, e.g., in one subband with STBC and in another subband with SM. To further increase reverse link performance, use of multiple transmission antennas at a mobile station can be considered. In this case, different sounding signal need to be designed to save uplink sounding overhead. Also, instead of per-antenna sounding, per-stream sounding can reduce uplink overhead especially for multi user MIMO case.
In FDD systems, BS is difficult to obtain the full CSI so the limited feedback is more considered. However, it is also possible for MS to hybrid the downlink channel information (such as eigen vector) into the uplink pilot channels. 

Based on the MIMO scenarios we suggested, the corresponding feedbacks design principles are given here.
In SCW mode, BS should know the CQI information(generally the MCS index) and rank information of a user to schedule it. The CQI information includes the whole band CQI information and subband CQI information. To reduce the feedback overhead, a simplified differential subband feedback scheme can be adopted. If one MCS index occupies M bits, then in the proposed scheme each CQI feedback is composed of M+(Nsubband-1) bits: 1) The M bits in the first part represent the modulation and code rate for a certain subband. A CQI_index(i, j) at ith subband and jth TTI (Transmission Time Interval) comes from the mapping scheme (TBD). The (Nsubband-1) bits in the second part represent Up/Down signaling of other subbands. Table 2 shows an example for the scenario of 4 subbands (Nsubband=4) from TTI j to TTI (j+3) where j satisfy mod(j,4)＝0. The first part and second part are transmitted via one combined channel or separated uplink channels.

	Bit
	M bits
	M+1
	M+2
	M+3

	Part
	First part: 

MCS index
	Second Part:

Up/Down signaling for MCS index

	TTI j
	0th subband
	1st subband
	2nd subband
	3rd subband

	TTI j+1
	1st subband
	0th subband
	2nd subband
	3rd subband

	TTI j+2
	2nd subband
	0th subband
	1st subband
	3rd subband

	TTI j+3
	3rd subband
	0th subband
	1st subband
	2nd subband


Table 2: Structure of feedback for consecutive four TTI

Depending on the channel conditions, MS may select one or more ‘best’ antennas/beams for transmission, where ‘best’ generally means the antenna(s) with maximum SINR or throughput. The selection can be indicated by a bitmap message.  In the assignment message, the antenna/beam selection can also appear as bitmap. The Matrix A1 to A3 also implicates the principle of antenna selection.

For rate 2 transmission with the matrix B1 to B6 in 4X2 configuration, the MS (mobile station) will chose a most suitable one from these 6 matrices and feedback the index i (i=1, 2, .., or 6) to the base station. To decrease the feedback overhead, a simplified feedback scheme can be employed based on the fact that the interference difference induced by B1 and B4 is small.  The case on B2 and B5, B3 and B6 is similar. Hence the feedback can be reduced to 3 pair index. For instance, if BS schedules the first pair to an AT, the AT will transmit with B1 and B4 matrix alternatively. 

In MCW mode, the MCS index of each stream/layer should be feedback. To reduce the overhead, the principle of differential feedback scheme also applies: we can use M+(Nstream-1) bits to feedback the MCS index of these streams: 1) The M bits in the first part represent the quantized SINR for a certain stream. A CQI_index(i, j) at ith stream and jth TTI (Transmission Time Interval) comes from the mapping scheme (TBD). The (Nstream-1) bits in the second part represent Up/Down signaling of other streams. 

For both SCW and MCW, the precoding can be implemented. With precoding, the preferred precoding matrix/vector from the codebook indicator should be feedback. The frequency granularity for precoding matrix feedback is configured by network. When the whole codebook set is determined, the selective opportunistic beamforming scheme can be adopted. That is, in a certain period, the BS selects only part of the set for the current scheduling. The selection scheme can be periodical in a round-robin manner, or dynamic based on channel statistics. For MS, it is also possible to apply a threshold based feedback to save power.
------------------------------------End text proposal------------------------------------
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