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1. Introduction
Introducing MIMO in DL E-UTRA imply an increase in the amount of control signalling overhead especially with sub-band adaptive MIMO precoding. The additional parameters that’s need to be signalled in the downlink control channels are for a MIMO enabled Node-B shown in Table 1 below. 
The field that by far has the largest variation in size is the indication of the precoding matrices when frequency selective precoding is used, see the table 1 below. In [1,2] it was suggested to use a dedicated physical control channel (DPCCH) to signal this information. In this contribution we compare two different multiple antenna transmission technologies, spatial multiplexing and transmit diversity, to transmit the DPCCH. 

Table 1 Mapping of MIMO related parameters to channels and the required size. Signalling which is semi-static is placed in the RRC/MAC layer. Note that all different selections are not possible, which may be utilized to compress the table and reduce the overhead further. 
	Parameter
	Message size
	Channel
	Comment

	Number of Node-B antennas
	2 bit
	BCH
	

	Codebook selection
	2 bit
	BCH or MAC
	Selection of codebook for polarized or linear multiple antenna arrays and Node-B antenna spacing. 

	Open loop / Closed loop MIMO
	1 bit
	MAC
	Depends mainly on channel rank, UE speed and average SINR.

	Spatial multiplexing / Transmit diversity
	1 bit
	MAC
	Depends mainly on channel rank, UE speed and average SINR.

	SU-MIMO / MU-MIMO
	1 bit
	MAC
	

	MU-MIMO mode (full/subset)
	1 bit
	MAC
	Whether to use zero forcing or unitary MU-MIMO precoding.

	Codebook restriction
	2-3 bits
	MAC
	Used to restrict the size of current codebook 

	CDD delay on/off
	1 bit
	MAC
	Switch between no CDD and CDD (small/large delay).

	CDD delay small/ large
	1 bit
	MAC
	If CDD is “on”, switch between small delay and large delay.

	Precoding rank
	1-2 bits 
	PDCCH
	Transmission rank in both SU- and MU-MIMO. 

	Precoding granularity (full/selective)
	1 bit
	PDCCH
	Indicates whether MIMO precoding is full (a single matrix for all scheduled  RBs) or selective (different for each group of 5 RBs)

	Precoding Matrix Indicator for the primary RB
	1 - 5 bits
	PDCCH
	Precoding matrix selection. 

	MCS + HARQ for codeword 2
	0-5 bits
	PDCCH
	Link adaptation for second codeword in SU-MIMO

	Precoding Matrix Indicator for all secondary RB
	0 – 120 bits
	Dedicated control channel
	Carries the multiple precoding matrix indices to support frequency selective precoding. The size depends on the number of allocated RBs.


2. Dedicated control channel
When sub-band adaptive MIMO precoding is used, the total size of the MIMO related information in PDCCH will depend on the resource assignment, which is undesirable. A solution is the use of a dedicated control channel (DPCCH) to carry the varying size MIMO information (i.e. the precoding matrix indicators) and keep in the PDCCH only partial MIMO information which size is independent of the resource assignment.
The dedicated control channel, DPCCH, is placed in the “first” scheduled RB to a UE (i.e. the one with the lowest RB index, assuming that the RBs are numbered), which we denote as this UEs primary RB [3] for convenience. The other RBs scheduled to this UE is denoted its secondary RBs, and these RBs never contain a DPCCH. Instead, the DPCCH in the primary RB contain precoding matrix indicators to the matrices used to precode the secondary RBs. 
From the PDCCH, the UE gets information about the size and location of the scheduled resources. If closed loop MIMO is used, it also knows the rank and granularity of the precoding. It can thereby calculate the number N of REs, of the DPCCH, if it exists.  

The DPCCH can either be set to use transmit diversity, SFBC/SFBC+FSTD, or it can be set to use the same transmission mode (spatial multiplexing with same precoding+rank or TX diversity) as the PDSCH in the primary RB. In the latter case, the index to the matrix used to precode the primary RB is sent in the PDCCH.
When rank 1 precoding is used for both PDSCH and the DPCCH, the DPCCH will utilize N REs and there is a beam forming gain compared to using SFBC for the DPCCH. The benefit is thus better coverage for the DPCCH.

When rank 2 precoding is used for PDSCH and the DPCCH, the DPCCH can either use the same N REs as for rank 1 precoding and thereby reduce the code rate to enhance the performance, or the DPCCH can keep the code rate and use fewer REs, to give more resources to the PDSCH. A combination of the two is also possible. 
3. Simulations

A series of link simulations has been performed to compare and verify the concept of the DPCCH for transmitting PMI. A 2x2 MIMO system and SFBC, rank 1 and 2 spatial multiplexing (SM) using precoding has been simulated; see simulator assumptions in the Appendix. The performance for 4 TX antennas Node-B precoding of dedicated control channels is FFS. 
The DPCCH is placed in the first symbols in the primary RB to a UE and is either using SFBC, or using the same precoding as the PDSCH in this RB, thereby also following the rank adaptation of the PDSCH. Since a PMI feedback granularity of 5 RB’s was used, and the UE is scheduled on its 6 best RB’s, the message size of the dedicated control channel varies between 3 bits and 15 bits depending on where in the system bandwidth the selected 6 RB’s resides. For instance, if all 6 RB’s are adjacent, only a single PMI is necessary to be signaled 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 (6-1)*3 = 15 bits.  

We define a PMI word as the 3 bit PMI and investigate the PMI word error rate. The PMI words are encoded and mapped to the dedicated control channel. A single code word is used independently of the number of layers and a rate 1/3 or 1/6 convolutional code is used. Since the PMI feedback channel is prone to errors, which imply that a sub-optimal precoding matrix is selected for the primary RB, we also model this and show the performance with 1%, 0.5% and 0% PMI feedback error for the primary RB.  It is assumed that the control information in the PDCCH (i.e. the DL signaling of the PMI for the primary RB) is error free. 
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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 rank 1 transmission.
Using a rank 1 precoded DPCCH from a six element codebook gives precoding gain over the SFBC, as can be seen in Figure 1, where it has been assumed that the same number of resource elements N is used for the DPCCH in both rank 1 precoding and SFBC. The code rate is 1/3 and the difference is 1.1 dB at WER=0.01 and with 0.5% PMI feedback error, the difference is 0.5 dB dB. It can be seen that the precoding has an error floor when there is nonzero probability of PMI feedback errors.
The rank 2 SM is shown and compared to SFBC in Figure 2 where we assume that the same number of RE is used for SM and SFBC. Therefore, rate 1/6 encoding can be used for SM since two layers are utilized. The gain at WER 0.01 is 2 dB for zero PMI error rate and 1.5 dB for 0.5% PMI error rate, a significant gain. 
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Figure 2 Word error rate for PMI control message in DL dedicated control channel with code rate 1/3 for SFBC and code rate 1/6 for SM. TU channel, 3 km/h rank 2 transmission. No CDD delay
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Figure 3 Word error rate for PMI control message in DL dedicated control channel with code rate 1/3 for SFBC and code rate 1/6 for SM. TU channel, 3 km/h rank 2 transmission. High CDD delay.
In Figure 3, the PMI WER is shown for rank 2 transmission where high delay CCD is used. The gain in SNR for PMI error rate of 0.5% is now increased to 1.8 dB over SFBC at WER =0.01. The high delay CDD is more robust to PMI feedback error and this is one reason to why the gain is larger in this case. 
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 and dynamically varying size of the overhead and too many formats on the PDCCH, we suggest the use of a dedicated control channel (DPCCH), transmitted in one of the scheduled RB’s for each scheduled UE. 
The simulation results show that transmitting the DPCCH by using the same precoding as the PDSCH gives a gain over using transmit diversity. If also a higher rank transmission is used, the dedicated control channel can use a lower code rate than the SFBC method since the number of physical bits for the DPCCH is multiplies with the number of used layers. The gain depends on the PMI feedback error rate but can be up to 2.2 dB when spatial multiplexing with high delay CDD is used. 
References
[1]   3GPP R1-060378, Motorola, “E-UTRA Downlink Control Channel Structure and TP”, Denver, February 2006.
[2] 
3GPP R1-071557, LG Electronics, “MIMO Related L1/L2 Control Channel - Dedicated PMI Signaling”, Malta, March 2007.

[3]
3GPP R1-072318, Huawei, “DL control signaling of PMI information for SU-MIMO”, Kobe, May 2007.
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

	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 and 2

	Codebook
	6 or 3 element codebook from R1-071228

	Channel estimation
	Ideal

	Intercell interference
	White

	Rank adaptation
	Off

	Receiver algorithm
	LMMSE
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