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1. Introduction
The following was agreed in RAN1#63bis[1].

· When simultaneous PUCCH + PUSCH is not configured:
· In case of only periodic CQI/PMI/RI (without A/N) 
· When no PUSCH is available, reporting is done as in Rel-8 on PUCCH
· When PUSCH is available, reporting is done as in Rel-8 on PUSCH
However, for transmission mode 9 with 8 antennas, several new reporting types for Rel-10 were agreed by RAN1 and are captured in TS36.213 [2].

Even though the Rel-8 type periodic CQI/PMI/RI reporting on PUSCH was agreed as per the above RAN1#63bis agreement, the details of UCI coding for the new feedback types in TS36.213 [2].are still undefined, and they need to be defined in this meeting.
2. Discussion
2.1. Rel-10 new reporting types for TM9

The following CQI/PMI and RI reporting types for Rel-10 PUCCH were agreed and captured in TS36.213[2] section 7.2.2. - 

· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 1a report supports subband CQI and second PMI feedback 
· Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback.

· Type 2a report supports wideband PMI feedback

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

· Type 5 report supports RI and wideband PMI feedback

· Type 6 report supports RI and PTI feedback

Type 1a, type2a, type2b, type2c, type 5 and type 6 were introduced as Rel-10 new reporting types, and their detailed coding mechanism needs to be discussed.

2.2. Coding mechanisms for new Rel-10 reporting types (i.e. for transmission mode 9 with 8 antennas) on PUSCH 

In the Rel-8 specifications, periodic CSI reports (i.e. RI, PMI and CQI) on PUSCH have commonality with:

· Periodic PUCCH in terms of the reported contents (e.g. the number of bits)

· Aperiodic PUSCH in terms of the coding scheme (e.g. the allocated resource field and coding scheme are kept the same if the contents (i.e. RI and CQI/PMI) are the same)

Therefore, it is preferable to maintain the above commonalities even in the Rel-10 periodic CSI reports.

2.2.1. Type 1a, 2a, 2b and 2c reports

In the Rel.10 aperiodic PUSCH case, first PMI i1 and second PMI i2 have been already considered as a part of PMI/CQI and specified to be coded as for PMI/CQI in TS36.212 for Rel-8 [3]. Therefore, this mechanism can be directly reused for the type 1a, 2a, 2b and 2c reports and commonality can be kept between periodic PUCCH, aperiodic PUSCH and periodic CSI on PUSCH.

Proposal:

· Type1a, 2a, 2b, 2c reports should be coded as for CQI/PMI on PUSCH.

2.2.2. Type 5 report

The following two solutions can be considered for the type 5 report on PUSCH.

· The same reporting/coding scheme as aperiodic PUSCH is reused for type 5 report on PUSCH 

· Periodic PUCCH contents are reused (i.e. RI and i1 are jointly coded) and the same coding scheme as for RI on Rel-8 PUSCH is reused for the joint feedback information. 

One of the candidate solutions may be to maximize the commonality between the aperiodic PUSCH and the periodic CSI on PUSCH cases. However, if the same reporting/coding scheme for these PUSCH cases is reused, we destroy the commonality between the periodic PUCCH and the periodic CSI on PUSCH. This is because RI and i1 are separately coded in aperiodic CSI. Therefore, we prefer to keep the commonality between the periodic PUCCH contents and the periodic CSI on PUSCH, and to allow the joint report of RI and i1 on PUSCH by using the same coding scheme as for RI, even though we have to apply different coding schemes between the aperiodic PUSCH and the periodic CSI on PUSCH. 

Proposal:

· Type 5 reports should be coded as for RI in PUSCH transmission.(i.e. If the type 5 report is piggy-backed on PUSCH, RI and first PMI i1 are jointly coded in PUSCH and coded as for RI on PUSCH)

2.2.3. Type 6 report

The coding for PTI in reporting type 6 on PUSCH has not been specified yet in TS36.212[3], since PTI is not reported in the case of aperiodic PUSCH. PTI is important information, thus it should be strongly protected as it is on PUCCH. Therefore, the coding scheme of PTI bit should be the same as for RI on PUSCH.

Proposal:

· Type 6 reports should be coded as for RI in PUSCH transmission. (i.e. If the type 6 report is piggy-backed on PUSCH, PTI is coded as for RI on PUSCH)

3. Conclusion

Sharp proposes the following:

· Type1a, 2a, 2b, 2c reports should be coded as for CQI/PMI on PUSCH.

· Type 5 reports should be coded as for RI in PUSCH transmission.(i.e. If the type 5 report is piggy-backed on PUSCH, RI and first PMI i1 are jointly coded in PUSCH and coded as for RI on PUSCH)

· Type 6 reports should be coded as RI in PUSCH transmission. (i.e. If the type 6 report is piggy backed on PUSCH, PTI is coded as for RI on PUSCH)

Based on the above proposals, we propose the corresponding text changes for TS36.212 in the annex A.
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5. Annex A: Text Proposal

5.2.2.6 
Channel coding of control information

For rank indication (RI)

· The corresponding bit widths for RI feedback, joint report feedback of RI and i1 or joint report feedback of RI and PTI for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.2-3, 5.2.2.6.3-3, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.2-4 and 5.2.3.3.2-4 A, which are determined assuming the maximum number of layers according to the corresponding eNodeB antenna configuration and UE category.
· If RI feedback consists of 1-bit of information, i.e., 
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Table 5.2.2.6-3: Encoding of 1-bit RI.

	Qm
	Encoded RI
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Table 5.2.2.6-4: Encoding of 2-bit RI.

	Qm
	Encoded RI
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Table 5.2.2.6-5: 
[image: image14.wmf]RI

o

0

 to RI mapping.

	
[image: image15.wmf]RI

o

0


	RI

	0
	1

	1
	2


Table 5.2.2.6-6: 
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Table 5.2.2.6-7: 
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· If RI feedback for a given DL cell consists of 3-bits of information, i.e., 
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 as the input to the channel coding block described in section 5.2.2.6.4.
· If the joint feedback consists of RI and i1 and the joint feedback for a given DL cell consists of O bits of information, i.e., 
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· A coded bit sequence 
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 as the input to the channel coding block described in section 5.2.2.6.4.

· If  the joint feedback consists of RI and PTI,  the  
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· If the joint feedback consists of 2-bits of information, i.e., 
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 as the input to the channel coding block described in section 5.2.2.6.4.

6. Annex B [2]: 

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode

	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	8+L
	NA
	NA

	
	
	8 antenna ports 1 < RI < 5
	NA
	9+L
	NA
	NA

	
	
	8 antenna ports RI > 4
	NA
	7+L
	NA
	NA

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	6
	6
	NA
	NA

	
	
	4 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	2 antenna ports RI > 1
	8
	8
	NA
	NA

	
	
	4 antenna ports RI > 1
	11
	11
	NA
	NA

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	NA
	4
	NA
	NA

	
	
	8 antenna ports 2 < RI < 8
	NA
	2
	NA
	NA

	
	
	8 antenna ports RI = 8
	NA
	0
	NA
	NA

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	8 antenna ports 1 < RI < 4
	11
	11
	NA
	NA

	
	
	8 antenna ports RI = 4
	10
	10
	NA
	NA

	
	
	8 antenna ports RI > 4
	7
	7
	NA
	NA

	2b
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	8
	-
	NA
	NA

	
	
	8 antenna ports 1 < RI ( 4
	11
	-
	NA
	NA

	
	
	8 antenna ports 4 < RI ( 4
	9
	-
	NA
	NA

	
	
	8 antenna ports RI = 8
	7
	-
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	
	
	8-layer spatial multiplexing
	3
	3
	NA
	NA

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4
	NA
	NA
	NA

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5
	
	
	

	6


	RI/PTI
	8 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA

	
	
	8 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA

	
	
	8 antenna ports, 8-layer spatial multiplexing
	NA
	4
	NA
	NA
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