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1 Introduction

In MIMO system, significant downlink throughput gains are obtained by using four transmit and receive antennas along with the feedback of channel quality indicator (CQI) to perform rank and link adaptation[1]. In this contribution we present the required uplink feedback information and overhead based on 4x4 PGRC.
2 Feedback Requirements for MIMO Support
In order to realize the potential gain that is introduced by MIMO, it is necessary to use effective link adaptation. Each UE needs to provide accurate channel-dependent feedback to Node B. when the precoding is used, UE also needs to feed back some precoding information. Moreover, due to the SU-MIMO and MU-MIMO are supported in E-UTRA MIMO, UE feedback to support SU-MIMO and MU-MIMO also needs to be studied.

2.1 Rank Feedback Requirement
The active antennas for a UE need to be determined according to the SINR of each antenna. The rank feedback information and overhead for 4x4 PGRC are listed in Table 1[2].

Table 1 Rank feedback requirements

	Rank
	Number of Groups (codewords)
	Number of Antennas Per Group
	Feedback Requirements For Grouping

	1
	1
	{1}
	2 bits to specify antenna index

	2
	2
	{1, 1}
	3 bits to specify 2 antenna indices out of 4

	3
	2
	{1, 2}
	2 bits to specify inactive antenna. Of the active antennas, second and third are grouped

	4
	2
	{2, 2}
	2 bits to specify which antenna is grouped with antenna 1. (automatically fixes other group)


When Rank 3 is selected, the second and third antennas usually are assigned in one group to reduce the feedback overhead. When UE feeds back Rank 1, two streams are transmitted in the same antenna. When UE feeds back Rank2, Rank 3 or Rank 4, two streams with higher data rate will be mapped to Grouping 1, and the other two streams with lower data rate will be mapped in Grouping 2.

2.2 CQI Feedback Requirement
UE needs to calculate the CQI according to the rank and SINR information. If the preferred rank is 1, UE will calculate one CQI. If the preferred rank is 2, 3 or 4, UE will calculate two CQIs. Then UE feeds back these CQIs and rank to Node B. To feed back two full CQIs requires 10 bits. It is needed to consider other scheme to reduce the feedback overhead.

2.3 SU-MIMO and MU-MIMO Feedback Requirement
The UE feedback mechanism that supports SU-MIMO and MU-MIMO switching needs FFS.

2.4 Precoder Selection Feedback Requirement
The precoder selection should be fed back together with CQI; moreover, the feedback rate of preferred precoding matrix/vector index should larger or equal to the CQI feedback rate. When the codebook is confirmed, UE will select a preferred precoding matrix /vector according to a selection criterion and then feed back the index of precoding matrix/vector to Node B [3].

2.5 Channel State Characteristic Feedback Requirement
In multi-carrier system, the channel state characteristic of the current sub-carrier is determined by the SINR of each sub-carrier and UE will feed back the channel state characteristic together with CQI.

2.6 UL ACK/NACK Feedback Requirement
In order to avoid the unnecessary retransmission of correctly received codewords [4], ACK/NACK must be fed back separately for each codeword. Therefore the feedback overhead of ACK/NACK increases linearly with the number of codewords. The ACK/NACK feedback overhead is shown in Table 2[5].
Table 2 ACK/NACK feedback overhead    


	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}


Because 2 codewords confirmed in PGRC, the feedback overhead of ACK/NACK is 2bits.
3 UE Feedback Scheme
UE needs to feed back:

· Preferred transmission rank

· CQI for each RB

· Index of preferred precoding matrix/vector

· Channel state characteristic of each RB

· ACK/NACK

The feedback of rank information needs 3bits. To feed back two full CQIs need 10bits. ACK/NACK information feedback needs 2bits.
4 Conclusion

This contribution presents the required uplink feedback information and overhead based on 4x4 PGRC, the calculation of all the information is obtained based on the SINR of each sub-carrier. This is helped to reduce the calculation quantity in UE side. The modulation, coding and mapping schemes in Node B side are all included in the CQI that is fed back by UE, thereby reducing the feedback overhead. .
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