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1
Introduction
In 3GPP RAN1 #49bis Orlando meeting, DL precoding codebook was determined for 4Tx antennas and reflected in [1]. Along with the decision on the codebook for 2Tx antennas made in 3GPP RAN1 #48 St. Louis meeting [2], we are now ready to determine the UL control channel payload including RI, PMI, and CQI based on the finalized codebook size. The precoding codebook size is

· 2Tx: 3 for rank-2 and 6 for rank-1
· 4Tx: 16 for rank-4, 16 for rank-3, 16 for rank-2, and 16 for rank-1
And thus, UE needs the bitwidth described in Table 1 to report RI and PMI for each subband if no efforts are made to reduce it.
Table 1
RI and PMI Bitwidth with Primitive Format
	Bit Field
	Antenna Configuration

(No.Tx x No. Rx)
	Description
	Bit Width

	RI
	2x2
	Rank 1 or 2
	1

	
	4x2
	Rank 1 or 2
	1

	
	4x4
	Rank 1 or 2 or 3 or 4
	2

	PMI
(per rank) 
	2x2
	3 precoders for rank 2

6 precoders for rank 1
	2 for rank 2

3 for rank 1

	
	4x2
	16 precoders per rank 
	4

	
	4x4
	16 precoders per rank
	4


In addition to the RI and the PMI, the CQI should be reported, which needs 5 bits per codeword assuming that the CQI describes the SINR range from -5dB to 25dB roughly in 1dB granularity. As LTE DL MIMO allows maximum 2 codewords, the required bitwidth for CQI becomes 10 bits if no efforts are made to reduce it. See Table 2 for details. Therefore, in order to report RI, PMI, and CQI all together in a primitive format, we need 13-14 bits for 2x2, 15 bits for 4x2, and 16 bits for 4x4. Though a separate reporting of RI may reduce the burden of the PMI/CQI reporting by 1 bit for 2x2 and 4x2 and 2 bits for 4x4, it requires an additional UL control channel with lower error rate requirement for RI.        

Table 2
CQI Bitwidth with Primitive Format

	Bit Field
	Antenna Configuration

(No.Tx x No. Rx)
	Description
	Bit Width

	CQI
	2x2
	32 levels per codeword
	10

	
	4x2
	32 levels per codeword
	10

	
	4x4
	32 levels per codeword
	10


On the other hand, in the 3GPP RAN1 #48 meeting [2], RAN1 agreed upon a reduced CQI feedback at least for the large delay CDD precoding described below:

· Explicitly tailored signalling (downlink and feedback including e.g. CQI reporting) for the large delay case to avoid unnecessary signalling overhead. 
The reduced CQI feedback can be effectively realized by using a spatially differential CQI format (i.e., a full CQI + a delta CQI) between two codewords exploiting the similarity of the effective SINR of the codewords in the large delay CDD precoding except for the potential (non-negative) SIC gain. In fact, the differential CQI format is being supported by most companies even for the zero delay and small delay CDD precoding [3]-[6], but the large delay CDD precoding can reduce the bitwidth more aggressively due to its non-negative small delta CQI value.
By incorporating the spatially differential CQI in the joint encoding of RI, PMI, and CQI, we can more efficiently pack the UL control information in a limited time-frequency resource allocated to PUCCH, which is detailed in Sections 2-4. 
We consider modulated ZC based PUCCH to deliver RI/PMI/CQI payload. The ZC spreading based PUCCH can generate 20 coded bits (for 1 RB x 1 sub-frame).
 In order to deliver all the UL control bits, we consider coarser granularity of CQI (for example, 1.5-2dB) in the following.
2
SIMO
Table 3 shows a 4-bit payload for the CQI in SIMO. There is no RI nor PMI information.
The 4-bit payload fits in the current ZC spreading based PUCCH [1], leading to (20, 4) code.

If ACK/NACK is transmitted together with CQI in the PUCCH, we need 1 more bit, leading to (20, 5) code.
Table 3
RI/PMI/CQI Bitwidth with Efficient Format for SIMO (4-bit payload)

	Bit Field
	Description
	Bit Width

	CQI
	4 bits for 16 levels of full CQI
	4


3
2x2 or 2x4 MIMO
Table 4 shows a joint encoding format of RI, PMI, and CQI for the 8-bit payload size in the 2x2 or 2x4 MIMO. Compared to the primitive format described in Section 1, we can save 5-6 bits and we do not need to define a separate RI feedback control channel due to its efficient packing. 
The 8-bit payload fits well in the current ZC spreading based PUCCH, leading to (20, 8) code.

If ACK/NACK is transmitted together with RI, PMI, and CQI in the PUCCH, we need 2 more bits in the payload, leading to a (20, 10) code.  
 Table 4
RI/PMI/CQI Bitwidth with Efficient Format for 2x2 MIMO (8-bit payload)
	Bit Field
	Description
	Bit Width

	RI +PMI + CQI
	4 bits for 16 levels of full CQI
+

4 bits for 15 hypotheses including RI, PMI, and 3 levels of delta CQI
(6 for rank-1 PMI; 9 (=3*3) for rank-2 PMI and delta CQI)
	8


3
4x2 MIMO
Table 5 shows a joint encoding format of RI, PMI, and CQI for the 11-bit payload size in the 4x2 MIMO.

As the payload size is 10 bits, it is a desirable choice to transmit the CQI over two subframes, splitting it into two 5-bit payloads, leading to (20, 5) codes in the 1st and 2nd subframes.

If ACK/NACK is transmitted together with RI, PMI, and CQI in the PUCCH, we have (20, 7) codes in the 1st and 2nd subframes.
 Table 5
RI/PMI/CQI Bitwidth with Efficient Format for 4x2 MIMO (10-bit payload)

	Bit Field
	Description
	Bit Width

	RI +PMI + CQI
	4 bits for 16 levels of full CQI
+

2 bits for 4 hypotheses including RI and 3 levels of delta CQI
(00-10 for 3 levels of delta CQI for rank-2; 11 for rank-1)

+

4 bits for PMI
(16 precoding matrices per rank)
	10


4
4x4 MIMO
Table 6 shows a joint encoding format of RI, PMI, and CQI for the 13-bit payload size in the 4x4 MIMO.
As the payload size is larger than 10 bits, it is a desirable choice to transmit the CQI over two subframes, splitting it into two 6-bit payloads, leading to (20, 6) codes in the 1st and 2nd subframes.

If ACK/NACK is transmitted together with RI, PMI, and CQI in the PUCCH, we have (20, 8) codes in the 1st and 2nd subframes.
 Table 6
RI/PMI/CQI Bitwidth with Efficient Format for 4x4 MIMO (12-bit payload)

	Bit Field
	Description
	Bit Width

	RI +PMI + CQI
	4 bits for 16 levels of full CQI
+

4 bits for 16 hypotheses including RI and 5 levels of delta CQI
(0000-1110 for 5 levels of delta CQI for rank 2, 3 and 4; 1111 for rank-1)

+

4 bits for PMI
(16 precoding matrices per rank)
	12


5
Conclusions

In this document, we proposed the UL PUCCH format including RI, PMI, and CQI, which are described in Tables 3-6 for SIMO, 2x2 (or 2x4), 4x2, and 4x4 antenna configurations. 
If ACK/NACK is transmitted together, we need 1-2 more bits for the payload due to joint coding of CQI and ACK/NAK. When a sub-band scheduling is enabled, the PUCCH is transmitted over multiple sub-frames to provide feedback information for multiple sub-bands. 

We propose to adopt the UL PUCCH payload format defined in Tables 3-6. 
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� If PUSCH is transmitted in the corresponding sub-frame, all the UL control bits are accommodated in the PUSCH.
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