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1. Introduction

In [1] we introduced the S-VAP based DL-MIMO schemes for E-UTRA. The S-VAP is based on layer permutation and spatially differential CQI feedback. In this contribution we quantitatively present the required uplink feedback overhead to support the S-VAP based SU-MIMO scheme. The uplink feedback channel is composed of channel quality indicator channel (CQICH), antenna subset (or precoding) indicator channel (ASICH), and acknowledgement channel (ACKCH).
DL BCH broadcasts the grouping information that splits the available sub-bands to two groups: Sub-bands used for frequency selective scheduling (FSS) and sub-bands used for frequency diversity scheduling (FDS) [2]. Multiple sub-bands that belong to the FDS group can be regarded as a single sub-band in the viewpoint of CQICH feedback. 
2. 2x2 and 2x4 MIMO
2.1. CQICH
Each UE needs 8 bits for CQICH in every CQI reporting period for each sub-band which belongs to the FSS group. The CQI report for the FDS group is based on the effective SINR averaged over all the sub-bands belonging to the FDS group [2]. Table 1 describes the details of the payload.

Table 1
CQICH Payload

	Bit Field
	Description
	Bit Width
	Words

	Base Layer CQI 
	One of 32 MCS indices based on the spatially averaged effective SINR [3]

	5 bits
	{0,1,…,31}

	Delta CQI

	-1 indicates the 1st virtual antenna only - rank 1
-2 indicates the 2nd virtual antenna only - rank 1
{0,1,…,5} indicates one of 6 non-negative offset of MCS (SIC gain) with respect to the base layer CQI - rank 2
 
	3 bits
	{-2,-1,0,…,5}


The base layer CQI and/or the delta CQI may be often correlated in time and in frequency, thus we need a further study as to whether we can achieve an efficient overhead reduction through a spectrally and/or temporally differential feedback or through other approaches on top of the proposed spatially differential CQI feedback. The CQI reporting period may be set differently depending on the number of sub-bands.
We need a further study as to whether an individual virtual antenna subset report is necessary for each sub-band or a common virtual antenna subset is enough.

2.2. ASICH
When Node-B has 2 transmit antennas, we do not need ASICH as the antenna subset selection information is embedded in the CQICH.

2.3. ACKCH

When Node-B has 2 transmit antennas, we need 2 bits for ACKCH, which is described in Table 2. If we apply a joint coding across layers, 2-bit ACK/NACK does not necessarily need a doubled bandwidth and power allocation with respect to 1-bit ACK/NACK in order to get the same error performance.
Table 2
ACKCH Payload

	Bit Field
	Number of Layers
	Description
	Bit Width
	Words

	ACK/NACK
	2 
	ACK (1) and NACK (0) for 2 layers
 
	2 bits
	{00, 01,
10, 11}

	
	1
	ACK (1) and NACK (0) for 1 layer

	1 bit
	{0, 1}


3. 4x2 and 4x4 MIMO

The current working assumption for E-UTRA SU-MIMO is to use the maximum 2 codewords for the 4 transmit antennas. Therefore, the control channel structure of the 2 transmit antennas can mostly be applied to the 4 transmit antennas as well. 
3.1. CQICH
Each UE needs 8 bits for CQICH in every CQI reporting period for each sub-band which belongs to the FSS group. The CQI report for the FDS group is based on the effective SINR averaged over all the sub-bands belonging to the FDS group [2]. Table 3 describes the details of the payload.

Table 3
CQICH Payload

	Bit Field
	Description
	Bit Width
	Words

	Base Layer CQI 
	One of 32 MCS indices based on the spatially averaged effective SINR [3]

	5 bits
	{0,1,…,31}

	Delta CQI

	One of  8 non-negative offset of MCS (SIC gain between consecutive layers) with respect to the base layer CQI for rank greater than 1
RESERVED for rank 1

 
	3 bits
	{0,1,…,7}


As in the case of 2x2 and 2x4, we can consider a further overhead reduction by exploiting the correlation in time and frequency. The CQI reporting period may be set differently depending on the number of sub-bands.

3.2. ASICH
When Node-B has 4 transmit antennas, we need 4 bits for ASICH, which is described in Table 4. We need a further study as to whether an individual virtual antenna subset report is necessary for each sub-band or a common virtual antenna subset is enough.
Table 4
ASICH Payload

	Bit Field
	Antenna Configuration
	Description
	Bit Width
	Words

	ASI 
	4x2
	One of 10 virtual antenna subsets preferred for transmission (4 subsets for rank 1 and 6 subsets for rank 2)


	3-4 bits
(10 hypotheses)
	{ 0001, 0010,   0100, 1000, 0011, 0101,

0110, 1001,

1010, 1100 }

	
	4x4
	One of 15 virtual antenna subsets preferred for transmission (4 subsets for rank 1, 6 subsets for rank 2, 4 subsets for rank 3, and 1 subset for rank 4)


	~ 4 bits

(15 hypotheses)
	{ 0001, 0010,   0100, 1000, 0011, 0101,

0110, 1001,

1010, 1100,

0111, 1011,

1101, 1110,

1111 }


3.3. ACKCH

With the working assumption of maximum 2 codewords in the 4 transmit antennas, we need maximum 2 bits for ACKCH, which is described in Table 5.

Table 5
ACKCH Payload for 4x2 or 4x4 MIMO with maximum 2 codewords
	Bit Field
	Number of CW(s)
	Description
	Bit Width
	Words

	ACK/NACK
	2 
	ACK (1) and NACK (0) for 2 CWs
 
	2 bits
	{00, 01,

10, 11}

	
	1
	ACK (1) and NACK (0) for 1 lCW

	1 bit
	{0, 1}
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UL Control Overhead Analysis for 2x2 MIMO
In this section, we analyze the UL control overhead required for 2x2 DL SU-MIMO. We assume that the CQI is reported per sub-band cycling through all the sub-bands.  For the analysis, we define the burst factor such that

Burst factor = Average number of simultaneously scheduled users / Average number of CQI reporting users
and assume that the burst factor is 1/3 through the analysis. The actual burst factor will depend on the traffic type. Moreover, we assume that the CQICH delivers 8-bit payload over 24 tones (e.g., using 1/6-rate QPSK) in a TTI and the ACKCH delivers 1-bit or 2-bit payload over 24 tones (e.g., using 1/12 -1/24 rate BPSK) in a TTI in order to provide a reasonable eraser/error rate (e.g., 10% for CQICH and 0.1-1% for ACKCH) for the cell edge users as well as cell interior users [4].
Table 6 summarizes the UL control overhead (CQICH + ACKCH) for various reporting periods and sub-band sizes in the 5MHz system bandwidth. 
As we observe in the table, if we accommodate about 30 CQI reporting users, the 0.9MHz subband size and 5ms CQI reporting period already consumes more than 25% of the uplink system bandwidth. Note that the overhead analysis assumed a spatially-differential CQI feedback (with 20% overhead reduction). Furthermore, we did not take into account the precoding matrix index feedback, thus the actual overhead will be much higher than 25%. In the 4x2 MIMO or 4x4 MIMO, we will consume more bandwidth to accommodate the ASICH. Therefore, we believe that a smaller sub-band size or a more frequent CQI feedback is not a practically reasonable design, which is true of precoding matrix index report as well. 

Table 6
Bandwidth overhead for UL control channel transmission in 2x2 MIMO in the 5MHz system bandwidth (total 3600 tones / TTI, burst factor = 1/3)
	Sub-band Size /

CQI Reporting Period
	15 CQI Reporting Users 
	30 CQI Reporting Users
	45 CQI Reporting Users

	1.5MHz (3 Subbands) /

3ms (3 TTIs)
	13.3%
	26.6%
	39.9%

	1.5MHz (3 Subbands) /

5ms (5 TTIs)
	8%
	16%
	24%

	0.9MHz (5 Subbands) /

3ms (3 TTIs)
	22.2%
	44.4%
	66.6%

	0.9MHz (5 Subbands) /

5ms (5 TTIs)
	13.3%
	26.6%
	39.9%


5
Conclusions
We analyzed the uplink control channel overheads required for S-VAP based DL SU-MIMO. 
The required control channels are CQICH, ASICH, and ACKCH. The ASICH and CQICH might be combined into a common feedback channel. On the other hand, if multiple matrices based precoding is applied, ASICH may be used to report both the preferred matrix index and the preferred column vector subsets of the matrix, for example, by using a time multiplexing. 
The UL control overhead analysis for 2x2 MIMO shows that the minimum sub-band size and the minimum CQI reporting period should be around 0.9MHz and 5ms in order to keep the control overhead of about 25% and accommodate a reasonable number (e.g., 30) of CQI reporting UEs in the 5MHz system bandwidth.  

The CQICH overhead can be significantly reduced in space, time, and frequency by the layer permutation and spatially differential CQI feedback [5]-[6]. Additional CQI feedback reduction approaches exploiting the channel correlation in time and frequency on top of the spatially differential CQI needs a further study.  

6
References
[1].  R1-060457, Description of single and multi codeword schemes with precoding, Qualcomm Europe.
[2].  R1-062707, Scheduling strategies, multiplexing localized and distributed users in UL and DL, Qualcomm Europe.
[3].  R1-060455, Control channel issues for DL MIMO, Qualcomm Europe.
[4]. R1-062709, Structure and link analysis of UL control signaling, Qualcomm Europe.

[5]. R1-063435, Further link analysis comparing layer permutation with no layer permutation for 2x2, Qualcomm Europe.

[6]. R1-063436, Further link analysis comparing layer permutation with no layer permutation for 4x4, Qualcomm Europe.


















































































� We need a further study for further reduction of bit-width of Delta CQI.


� We need a further study for further reduction of bit-width of Delta CQI.
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