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Introduction
There has been extensive discussion on uplink CQI reporting. In the RAN1 #51bis meeting, the 4-bit CQI table is agreed, and the bit-width for frequency and spatial differential CQI is also agreed. In this contribution, we propose the detailed design of the CQI report for PUCCH and PUSCH based on these agreements.
Design of CQI reports
CQI report on PUCCH
Based on discussions in last meeting, wideband-only CQI report is supported in PUCCH. Taking into account antenna configurations, the wideband-only CQI report in Table 1- Table 5 are proposed.

Table 1 shows the 4-bit wideband CQI report for SISO/SIMO/TxD/Open-loop-SM case.
Table 1. Wide-band CQI report on PUCCH for SISO/SIMO/TxD/Open-loop-SM
	Message fields
	Number of bits

	WB CQI
	4

	Total
	4


Table 2 shows the 6-bit wideband CQI + PMI report for 2Tx MIMO with 1-CW transmission; Table 3 shows the 9-bit wideband CQI + PMI report for 2Tx MIMO with 2-CW transmission. Note here we assume rank is transmitted separately by the UE. As a result, the rank information needs to be accurately received by the eNB. Otherwise, eNB may not be able to receive or correctly interpret the following CQI reports.

Table 2. Wide-band CQI report on PUCCH for 2Tx MIMO, rank 1
	Message fields
	Number of bits

	WB CQI
	4

	WB PMI 
	3

	Total
	7


Table 3. Wide-band CQI report on PUCCH for 2Tx MIMO, rank 2

	Message fields
	Number of bits

	WB CQI for CW1
	4

	WB SD CQI for CW2
	3

	WB PMI 
	2

	Total
	9


Table 4 shows the 8-bit wideband CQI + PMI report for 4Tx MIMO with 1-CW transmission; Table 5 shows the 11-bit wideband CQI + PMI report for 4Tx MIMO with 2-CW transmission. Again, we assume rank is transmitted separately by the UE and is received reliably by the eNB. 

Table 4. Wide-band CQI on PUCCH for 4Tx MIMO, rank 1
	Message fields
	Number of bits

	WB CQI
	4

	WB PMI
	4

	Total
	8


Table 5. Wide-band CQI on PUCCH for 4Tx MIMO, rank 2, 3, 4

	Message fields
	Number of bits

	WB CQI for CW1
	4

	WB SD CQI for CW2
	3

	WB PMI
	4

	Total
	11


Frequency selective CQI report on PUCCH is also supported, as proposed in [2]. If adopted, we propose the following CQI formats to support that operation, as shown in Table 6 - Table 10. 
Table 6 ~ Table 10 show the frequency selective CQI on PUCCH for SISO/SIMO/TxD/Open-loop-SM case, 2Tx MIMO rank 1, 2Tx MIMO rank 2, 4Tx MIMO rank 1, and 4Tx MIMO with rank>1, respectively. The number of bits for the best-M indication is assumed to be MC, which can range from 1 to 4 bits, depending on the system bandwidth. 
Table 6. Frequency selective CQI on PUCCH for SISO/SIMO/TxD/Open-loop-SM
	Message fields
	Number of bits

	FS CQI 
	4

	Best-M indication
	MC

	Total
	4 + MC


Table 7. Frequency-selective CQI on PUCCH for 2Tx MIMO, rank 1
	Message fields
	Number of bits

	FS CQI
	4

	Best-M indication
	MC

	PMI
	3

	Total
	7 + MC


Table 8. Frequency-selective CQI on PUCCH for 2Tx MIMO, rank 2

	Message fields
	Number of bits

	FS CQI for CW1
	4

	FS CQI for CW2
	3

	Best-M indication
	MC

	PMI
	2

	Total
	9 + MC


Table 9. Frequency-selective CQI on PUCCH for 4Tx MIMO, rank 1
	Message fields
	Number of bits

	FS CQI
	4

	Best-M indication
	MC

	PMI
	4

	Total
	8 + MC 


Table 10. Frequency-selective CQI on PUCCH for 4Tx MIMO, rank 2, 3, 4

	Message fields
	Number of bits

	FS CQI for CW1
	4

	FS CQI for CW2
	3

	Best-M indication
	MC

	PMI
	4

	Total
	11 + MC


Note further study is needed to finalize the details of Best-M indication and the number of bits needed.
CQI report on PUSCH
Node B configured CQI reports are supported on PUSCH. With the supported N ( {3, 7, 11, 14, 28}, the CQI report formats are shown in Table 11~Table 15 for SISO/SIMO/TxD/Open-loop-SM, 2Tx MIMO rank 1, 2Tx MIMO rank 2, 4Tx MIMO rank 1, and 4Tx MIMO rank>1, respectively. Note that in Table 12, Table 13, Table 14, and Table 15, PMI compression is assumed (e.g., [3]). The overhead will be further increased without PMI compression. 
Also note that with 28 sub-bands, the number of bits required for different MIMO configurations are 60 bits, 119 bits, 149 bits, 120 bits, and 179 bits, which only have limited coverage and could generate excessive overhead in the uplink. Therefore, we propose to consider removing the support of 28 sub-bands.

Table 11. Node B configured CQI on PUSCH for SISO/SIMO/TxD/Open-loop-SM
	Message fields
	Number of bits

	WB CQI
	4

	FS CQI
	2 ( N

	Total
	4 + 2 ( N ( {10, 18, 26, 32, 60}


Table 12. Node B configured CQI on PUSCH for 2Tx MIMO, rank 1

	Message fields
	Number of bits

	WB CQI
	4

	FS CQI
	2 ( N

	WB PMI
	3

	FS PMI
	2 ( N

	Total
	7 + 4 ( N ( {19, 35, 51, 63, 119}


Table 13. Node B configured CQI on PUSCH for 2Tx MIMO, rank 2
	Message fields
	Number of bits

	WB CQI for CW1
	4

	FS CQI for CW1
	2 ( N

	WB CQI for CW2
	3

	FS CQI for CW2
	2 ( N

	WB PMI
	2

	FS PMI
	1 ( N

	Total
	9 + 5 ( N ( {24, 44, 64, 79, 149}


Table 14. Node B configured CQI on PUSCH for 4Tx MIMO, rank 1

	Message fields
	Number of bits

	WB CQI
	4

	FS CQI
	2 ( N

	WB PMI
	4

	FS PMI
	2 ( N

	Total
	8 + 4 ( N ( {20, 36, 52, 64, 120}


Table 15. Node B configured CQI on PUSCH for 4Tx MIMO, rank 2, 3, 4
	Message fields
	Number of bits

	WB CQI for CW1
	4

	FS CQI for CW1
	2 ( N

	WB CQI for CW2
	3

	FS CQI for CW2
	2 ( N

	WB PMI
	4

	FS PMI
	2 ( N

	Total
	11 + 6 ( N ( {29, 53, 77, 95, 179}


UE-selected CQI reports are also supported on PUSCH. The CQI report formats are shown in Table 17 ~ Table 21 for SISO/SIMO/TxD/Open-loop-SM, 2Tx MIMO rank 1, 2Tx MIMO rank 2, 4Tx MIMO rank 1, and 4Tx MIMO with rank>1, respectively. The number of bits for best-M indication of the UE-selected sub-bands is 
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 bits. The range of the value of Ms is shown in Table 16. 
Again, note that in Table 18 ~ Table 21, PMI compression is assumed (e.g., [3]).

Table 16. The bit-width of Ms for UE-selected CQI reports on PUSCH

	System BW (RBs)
	Subband size (RBs)
	M
	Number of subbands 
	Ms

	8~10
	2
	1
	4~5
	2~2

	11~26
	2
	3
	6~13
	5~9

	27~64
	3
	5
	9~22
	7~15

	65~110
	4
	6
	17~28
	14~19


Table 17. UE-selected CQI on PUSCH for SISO/SIMO/TxD/Open-loop-SM
	Message fields
	Number of bits

	WB CQI
	4

	FS CQI
	2

	Best-M indication
	MS

	Total
	6 + MS


Table 18. UE-selected CQI on PUSCH for 2Tx MIMO, rank 1

	Message fields
	Number of bits

	WB CQI
	4

	FS CQI
	2

	WB PMI
	3

	FS PMI
	2

	Best-M indication
	MS

	Total
	11 + MS


Table 19. UE-selected CQI on PUSCH for 2Tx MIMO, rank 2

	Message fields
	Number of bits

	WB CQI for CW1
	4

	FS CQI for CW1
	2

	WB CQI for CW2
	3

	FS CQI for CW2
	2

	WB PMI
	2

	FS PMI
	1

	Best-M indication
	MS

	Total
	14 + MS


Table 20. UE-selected CQI on PUSCH for 4Tx MIMO, rank 1

	Message fields
	Number of bits

	WB CQI
	4

	FS CQI
	2

	WB PMI
	4

	FS PMI
	2

	Best-M indication
	MS

	Total
	12 + MS


Table 21. UE-selected CQI on PUSCH for 4Tx MIMO, rank 2, 3, 4

	Message fields
	Number of bits

	WB CQI for CW1
	4

	FS CQI for CW1
	2

	WB CQI for CW2
	3

	FS CQI for CW2
	2

	WB PMI
	4

	FS PMI
	2

	Best-M indication
	MS

	Total
	17 + MS


With so many different CQI reports, it is desirable if the number of formats can be reduced. One way to achieve this objective is to align the size of some CQI report formats so that they share the same message length, but with different message formats. This can be done after we finalize the value of Mc, Ms, and PMI compression schemes.
Summary
The details of CQI report formats on PUCCH and PUSCH are provided. Depending on the MIMO configuration and the rank,

· For wideband CQI on PUCCH, the report size ranges from 4 bits to 11 bits.
· For frequency selective CQI on PUCCH, the report size ranges from (4 + MC) bits to (11 + MC) bits where MC is the number of bits for best-M indication in PUCCH.
· For Node-B configured CQI on PUSCH, the report size ranges from 10 bits to 95 bits.
· For UE-selected CQI on PUSCH, the report size ranges from (6 + MS) to (17 + MS) bits.

We also propose to align the sizes of some CQI report formats so that the number of different CQI message length can be reduced. However, we need to finalize the value of Mc, Ms, and decide on PMI compression schemes before we can proceed to the next steps.
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