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1. Introduction
The selection of precoding matrix and rank of the transmission is a decision made by the NodeB based on the feedback reports from the scheduled UEs. To ensure reliable decoding of the SU-MIMO precoded DL data channels, signalling the indices of the precoding matrices (PMI’s) for the scheduled RB’s is necessary. 
However, since the used precoding matrix may be different for the RB’s scheduled to a UE, multiple  PMI’s must in general be signalled to each UE, and the number of PMI bits in each downlink resource allocation report is thus variable depending on the RB allocation. This is undesirable since the variable length increases the number of different formats of the control channel and increase its length. It has therefore been suggested to signal MIMO related information in a dedicated control channel, in the beginning of the resource region scheduled to the UE  [1],[2].
The aim of this contribution is to compare different methods to use a dedicated control channel for the PMI signalling in the downlink.
2. Dedicated control channel signalling of PMI information
In [2] it was suggested to use some portion of the scheduled resource block as a dedicated control channel for transmitting a coded and modulated message containing PMI bits. Since multiple antennas is available at the NodeB, it is possible to use transmit diversity for this dedicated control channel in the scheduled resource. An alternative is to use the same precoding of the dedicated control channel as for the data channel located in the same RB. Such a scheme work according to these principles:
· For each scheduled UE, one (predetermined) scheduled RB is defined as its primary RB, which partly contains the dedicated control channel, see Figure 1.
· The PDCCH contains the MIMO rank plus one PMI, the PMI for the primary RB 
· The dedicated control channel in the primary RB is precoded using the same precoder and the same rank as the data in the primary RB

· The dedicated control channel in the primary RB is encoded with a single codeword and mapped to 1,2,3 or 4 layers depending on the indicated rank in the PDCCH.

· The dedicated control channel in the primary RB contains the PMI’s for all other scheduled RB’s to this UE (for the RB’s that resides in a RB group which potentially use another precoding matrix), see Figure 2.
This arrangement has the following benefits

· The format of the PDCCH for a MIMO enabled UE is the same irrespectively of how many RB’s are scheduled for this UE since only a single PMI per UE is signalled in the PDCCH. This simplifies also the blind decoding of the PDCCH.
· The dedicated control channel enjoy the same spectral efficiency as the data (multiple layers, frequency scheduling gain and precoding gain) although a fixed modulation and code rate may be selected to ensure coverage.
· [image: image3.bmp]The dedicated control channel needs no UE ID.


3. Simulations

A series of link simulations has been performed to compare and verify the concept of the dedicated control channel for transmitting PMI. A 2x2 MIMO system and rank 1 precoding has been simulated, see simulator assumptions in the Appendix. The performance for higher rank precoding of dedicated control channels is FFS. The dedicated control channel is placed in the first symbols in the first RB scheduled for to a UE and is either using SFBC, or using the same precoding as the data in this RB. Since a PMI feedback granularity of 5 RB’s was used, the message size of the dedicated control channel varies between 3 bits and 15 bits depending on where the selected 6 RB’s resides. 
For instance, if all 6 RB’s are adjacent, only a single PMI is necessary to be signalled in the dedicated control channel but if the 6 RBS are distributed evenly over the whole system bandwidth, one PMI per RB is needed, a total of 15 bits.  
We define a PMI word as the 3 bit PMI and investigate the PMI word error rate for the secondary RB using a rate 1/3 and a rate 1/6 convolutional coded dedicated control channel, see Figure 1 and Figure 2 respectively. Since the PMI feedback channel is prone to errors, which then will give a sub-optimal precoding matrix for the primary RB, we also show the performance with 0.5% PMI feedback error for the primary RB.  It is assumed that the control information in the PDCCH (i.e. the DL signalling of the PMI for the primary RB) is decoded correctly. 
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Figure 1 Word error rate for PMI control message in DL dedicated control channel with code rate 1/3. TU channel, 3 km/h.
Using a precoded dedicated control channel gives precoding gain over the SFBC, as can be seen in Figure 1 and Figure 2. For code rate 1/3, the difference is 1.2 dB at WER=0.01 and with 0.5% PMI feedback error, the difference is 0.8 dB.  For code rate 1/6, the differences are 0.8 dB and 0.5 dB respectively. Due to the PMI feedback errors, there seem to be a low error floor for the method using a precoded dedicated control channel.  
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Figure 2 Word error rate for PMI control message in DL dedicated control channel with code rate 1/6. TU channel, 3 km/h.
4. Conclusion

The fact that the eNB scheduler shall have full freedom of choosing the DL precoding matrix from the codebook and error prone PMI feedbacks lead to the necessity of DL signalling of the used precoding matrices at the Node B.  To avoid excessive overhead and to many formats on the PDCCH, we suggest the use of a dedicated control channel, transmitted in one of the scheduled RB’s for each scheduled UE. The simulation results show that transmitting the dedicated control channel using the same precoding as the data channel gives a gain over using transmit diversity for this channel. If also a higher rank transmission is used, the dedicated control channel will use fewer RE than the transmit diversity method. 
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Appendix
	TTI length 
	1 ms

	Bandwidth
	5 MHz

	Sampling rate
	7.68MHz

	FFT size 
	512

	Number of useful subcarrier
	300

	Number of subcarriers per RB
	12

	Number of RBs 
	25

	Number of RBs represented by a single precoding report
	5

	Antenna Configurations
	2 transmitter, 2 receiver (LMMSE)

	Number of RBs allocated to a UE
	6 (the 6 Best RB’s are selected)

	Channel model
	6-ray TU, 3km/h

	PMI feedback delay
	5ms

	Dedicated control channel
	Size of PMI message per UE
	3, 6, 9, …, 15 bits (depending on the position of the scheduled RBs ), 3 bits per PMI word 

	
	Modulation
	QPSK

	
	Channel coding
	Tail-biting convolutional code (K=9) / Viterbi decoding

	
	Channel coding rate
	1/3, 1/6 

	Precoding rank
	1

	Codebook
	6 element codebook from R1-071228

	Channel estimation
	Ideal

	Intercell interference
	White






































Figure 2 The PDCCH contain PMI for the primary RB only. The dedicated control channel contains the PMI for all the other RB’s scheduled for this UE 
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Figure 1 Illustration of the concept of a dedicated control channel. 
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