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1. Introduction
In RAN1 #62 meeting, the downlink transmission modes in Rel-10 and its associated downlink control signalling were discussed and the followings were agreed [1]:

· Note that for 2 and 4 tx:
· W1 is the identity matrix and is therefore not explicitly signalled 
· W2 uses the Rel-8 codebook
· Only the modes on the following slides are supported
· UE-specific codebook subset restriction following the Rel.8 principle is supported in Rel.10
· Further down-selection of the proposed three PUCCH CSI reporting modes is not precluded in the Rel.10 timeframe
· Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signaled in the same subframe 
· Codebook sub-sampling may be performed depending on the final codebook design (to ensure that the total payload is sufficiently small)
· W is determined from 2-subframe report conditioned upon the latest RI report
· Reporting format
· Report 1: RI and W1, jointly encoded 
· Report 2: wideband CQI and wideband W2 
· If W2 codebook C2 is of size 1, wideband W2 is not signaled
· Extension of Rel.8 PUCCH Mode 2-1
· W is determined from 3-subframe report conditioned upon the latest RI report
· Reporting format
· Report 1: RI and 1-bit precoder type indication (PTI)
· Report 2: 
· PTI = 0: W1 will be reported 
· PTI = 1: wideband CQI and wideband W2 will be reported 
· Report 3: 
· PTI = 0: wideband CQI and wideband W2 will be reported 
· PTI = 1: subband CQI, subband W2, 
· Transmission of subband selection indicator versus predefined cycling is FFS
· For 2 and 4 tx, PTI is assumed to be set to 1 and is not signalled 
· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame
· For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits
· For each rank, the subset of C1 and subset of C2 are fixed and hence not configurable
· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly
· For example: different subsets of possible co-phasing are used for different groups of beam angles
Although a huge progress was made in the previous meeting regarding PUCCH feedback modes, there seems to be still remaining details of the reporting bit-width optimization with codebook sub-sampling for each modes to keep the PUCCH feedback coverage as in Rel-8. Therefore, to finalize the Rel-10 feedback issues, we discuss on the remaining details of agreed PUCCH reporting modes.
In addition, it is still open to reduce the number of PUCCH reporting modes as captured in the chairman’s note. Since the number of PUCCH reporting options may increase the RAN 4 test cases too much, reducing the number of PUCCH reporting mode seems to be appropriate as we minimized the reporting modes of PUCCH and PUSCH in Rel-8 time frame.
In this contribution, we discuss on the remaining details of the PUCCH reporting modes and reducing the options for PUCCH feedback modes.
2. PUCCH Reporting Modes in Rel-10
There are two types of CSI reporting modes such as aperiodic PUSCH reporting modes and periodic PUCCH reporting modes. In general, periodic PUCCH reporting is fed back with coarse channel state information periodically so that eNB keeps updated for a specific UE. Due to the expensive PUCCH resources, small amount of feedback overhead is only allowed so that finer channel state information is reported via PUSCH if eNB triggers aperiodic PUSCH reporting.

It is agreed that the PUCCH reporting bits shouldn’t be exceeded 11bits as used in Rel-8 in order to keep the same PUCCH reporting coverage. Keeping this in mind, bit sizes for each PUCCH reporting modes should be appropriately optimized. Three types of PUCCH reporting modes were agreed as extensions of Rel-8 PUCCH reporting modes 1-1 and 2-1. The three modes can be characterized as follows:

· PUCCH Mode-A: as an extension of mode 1-1 in Rel-8, two reporting types are used

· Type-5 reporting: jointly coded RI and PMI (W1) feedback

· Type-2a reporting: wideband CQI and PMI (W2) feedback
· PUCCH Mode-B: as an extension of mode 1-1 in Rel-8, two reporting types are used

· Type-3 reporting: RI feedback

· Type-2b reporting: wideband CQI and PMI (W1, W2) feedback

· PUCCH Mode-C: as an extension of mode 2-1 in Rel-8, four reporting types are used

· Type-6 reporting: jointly coded RI and PTI (precoding type indicator) feedback

· Type-2a reporting: wideband CQI and PMI (W2)

· Type-7 reporting: wideband PMI (W1)

· Type-8 reporting: subband CQI and PMI (W2) with an indication of selected band

The reporting types described above are reported in different subframes, thus requiring multiple TTIs to determine the precoding matrix W and its associated CQI in the case of PUCCH Mode A and Mode C.

A. Subsampling of PUCCH Reporting Modes (Extension of Mode 1-1)
The required bits without codebook subsampling for PUCCH Mode-A and PUCCH Mode-B are shown in the table 1 according to the rank.

Table 1. Feedback overhead of reporting types in PUCCH Modes (Extension of Mode 1-1)
	Rank
	PUCCH Mode-A
	PUCCH Mode-B

	
	Type-5 reporting

Joint of RI andW1
	Type-2a reporting

(W2+CQI)
	Type-3 reporting

RI
	Type-2b reporting

(W1+W2+CQI)

	1
	6
	8 (4+4)
	3
	12 (4+4+4)

	2
	
	11 (4+[4+3])
	
	15 (4+4+[4+3])

	3
	
	11 (4+[4+3])
	
	13 (2+4+[4+3])

	4
	
	10 (3+[4+3])
	
	12 (2+3+[4+3])

	5
	
	7 (0+[4+3])
	
	9 (2+0+[4+3])

	6
	
	7 (0+[4+3])
	
	9 (2+0+[4+3])

	7
	
	7 (0+[4+3])
	
	9 (2+0+[4+3])

	8
	
	7 (0+[4+3])
	
	7 (0+0+[4+3])


As shown in the table, the codebook subsampling seems to be required for the Type-2b reporting in PUCCH Mode-B since it exceeds 11 bits. The following table 2 shows an example of the codebook subsampling for the Type-2b reporting in PUCCH Mode-B.

Table 2. Subsampling table for Type-2b reporting in PUCCH Mode-B
	Rank
	PUCCH Mode-B

	
	Type-3 reporting

RI
	Type-2b reporting

(W1+W2+CQI)
	Sub-sampled codebook

	1
	3
	11 (4+3+4)
	W1: All, W2: 0~7

	2
	
	11 (4+0+[4+3])
	W1: All, W2: 0

	3
	
	11 (2+2+[4+3])
	W1: All, W2: 4m (m:0~3)

	4
	
	11 (2+2+[4+3])
	W1: All, W2: 2m (m:0~3)

	5
	
	9 (2+0+[4+3])
	W1: All

	6
	
	9 (2+0+[4+3])
	W1: All

	7
	
	9 (2+0+[4+3])
	W1: All

	8
	
	7 (0+0+[4+3])
	


Although the Type-2a reporting doesn't exceed 11bits so that no subsampling is neede, the Type-5 reporting requires doubled number of bits as compared with that for the Type-3 reporting. Since both Type-5 reporting and Type-3 reporting carry rank information, the reliability of these types of reporting should be robust. Note that the rank information is highly prioritised in PUCCH reporting so that CQI and PMI are dropped when multiple types of reporting need to be transmitted in the same subframe. Keeping that in mind, the Type-5 reporting also requires codebook subsampling in order to increase the rank feedback reliability as much as possible. The subsampling for the Type-5 reporting can be defined as shown in the table 3 for instance.
Table 3. Subsampling tables for Type-5 reporting in PUCCH Mode-A

(A-1) In case of maximum rank-2 (option 1)

	Rank
	PUCCH Mode-A

	
	Type-5 reporting

Joint of RI andW1
	Type-2a reporting

(W2+CQI)
	Sub-sampled codebook

	1
	5 

(log2(16+16))
	8 (4+4)
	W1: All, W2: All

	2
	
	11 (4+[4+3])
	


(A-2) In case of maximum rank-2 (option 2)

	Rank
	PUCCH Mode-A

	
	Type-5 reporting

Joint of RI andW1
	Type-2a reporting

(W2+CQI)
	Sub-sampled codebook

	1
	4 

(log2(8+8))
	8 (4+4)
	W1: 2n (n:0~7), W2: All

	2
	
	11 (4+[4+3])
	


 (B) In case of maximum rank-4
	Rank
	PUCCH Mode-A

	
	Type-5 reporting

Joint of RI andW1
	Type-2a reporting

(W2+CQI)
	Sub-sampled codebook

	1
	5 

(log2(8+8+4+4))
	8 (4+4)
	W1: 2n (n:0~7) , W2: All

	2
	
	11 (4+[4+3])
	

	3
	
	11 (4+[4+3])
	W1: All, W2: All

	4
	
	10 (3+[4+3])
	


(C) In case of maximum rank-8
	Rank
	PUCCH Mode-A

	
	Type-5 reporting

Joint of RI andW1
	Type-2a reporting

(W2+CQI)
	Sub-sampled codebook

	1
	5 

(log2(8+8+4+4+2+2+2+1))
	8 (4+4)
	W1: 2n (n:0~7) , W2: All

	2
	
	11 (4+[4+3])
	

	3
	
	11 (4+[4+3])
	W1: All, W2: All

	4
	
	10 (3+[4+3])
	

	5
	
	7 (0+[4+3])
	W1: 2n (n:0~1), W2: All

	6
	
	7 (0+[4+3])
	

	7
	
	7 (0+[4+3])
	

	8
	
	7 (0+[4+3])
	


Two options can be considered when the maximum rank is two according to the robustness of the rank feedback. The option 1(A-1) could be used if the CSI reporting accuracy is highly prioritized as compared with rank feedback reliability. Otherwise, the option 2 (A-2) seems to be appropriate choice although the CSI reporting accuracy is degraded.

Observation: the codebook subsampling for PUCCH Mode-A reduces beam granularity while keeping co-phasing properties. On the other hand, the codebook subsampling for PUCCH Mode-B reduces the co-phasing properties while allowing finer beam granularity as compared with that in PUCCH Mode-A. 
B. Subsampling of PUCCH Reporting Modes (Extension of Mode 2-1)
The required feedback overhead for the PUCCH Mode-C is shown in the table 4. As shown in the table, if the PTI is set to ‘1’ in the Type-6 reporting, the required bit for Type-8 reporting exceeds 11 bits in some transmission rank, thus requiring codebook subsampling. The similar codebook subsampling concept used for PUCCH Mode-B can be reused for subsampling of W2.
Table 4. Feedback overhead of reporting types in PUCCH Modes (Extension of Mode 2-1)

	Rank
	PUCCH Mode-C (PTI=0)
	PUCCH Mode-C (PTI=1)

	
	Type-6 reporting
(RI+PTI)
	Type-7 reporting
W1
	Type-2a reporting

(wb-W2+CQI)
	Type-6 reporting
(RI+PTI)
	Type-2a reporting
(wb-W2+wb-CQI)
	Type-8 reporting

(sb-W2 +sb-CQI +L-bit)

	1
	4 (3+1)
	4
	8 (4+4)
	4 (3+1)
	8 (4+4)
	10 (4+4+2)

	2
	
	4
	11 (4+[4+3])
	
	11 (4+[4+3])
	13 (4+[4+3]+2)

	3
	
	2
	11 (4+[4+3])
	
	11 (4+[4+3])
	13 (4+[4+3]+2)

	4
	
	2
	10 (3+[4+3])
	
	10 (3+[4+3])
	12 (3+[4+3]+2)

	5
	
	2
	7 (0+[4+3])
	
	7 (0+[4+3])
	9 (0+[4+3]+2)

	6
	
	2
	7 (0+[4+3])
	
	7 (0+[4+3])
	9 (0+[4+3]+2)

	7
	
	2
	7 (0+[4+3])
	
	7 (0+[4+3])
	9 (0+[4+3]+2)

	8
	
	2
	7 (0+[4+3])
	
	7 (0+[4+3])
	9 (0+[4+3]+2)


C. Number of PUCCH Reporting Modes
Three PUCCH reporting modes were agreed in the previous meeting and it is still open to minimize the number of options in order to reduce the test cases and specification effort. Among the three PUCCH reporting modes, the PUCCH Mode-C (extension of mode 2-1) seems to be most complicated in terms of the specification effort and test case while the benefit seems to be unclear considering that aperiodic PUSCH reporting is used for finer CSI feedback. In addition, UE autonomous precoding type selection may result in uncontrolled situation and is also challenging for RAN 4 test. Therefore, removing PUCCH Mode-C in Rel-10 seems to be appropriate in order to minimize the specification impact and also test cases.
Although both PUCCH Mode-A and PUCCH Mode-B are extended from the PUCCH Mode 1-1, the codebook configurations after codebook subsampling could be different. In addition, the rank feedback reliability is also differently guaranteed. Therefore, both PUCCH Mode-A and Mode-B could be kept in Rel-10 to support various channel and system environment according to the situation.
Proposal: keeping both PUCCH Mode-A and Mode-B while ruling out PUCCH Mode-C.

3. Conclusions

In this contribution, we discussed on the remaining details of the PUCCH reporting modes including the codebook subsampling and the down-selection of PUCCH reporting modes. From the discussions and observations, we may conclude as follows:

· Codebook subsampling should be used for PUCCH reporting modes in order not to exceed 11bits.
· Table 2 and 3 show the proposed codebook subsampling for PUCCH Mode-A and Mode-B, respectively.
· Both PUCCH Mode-A and PUCCH Mode-B (extension of Mode 1-1) are supported in Rel-10.

· The PUCCH Mode-C (extension of Mode 2-1) can be ruled out in Rel-10 to minimize the number of options and test cases.
References

[1] R1-105067, “Way Forward on CSI Feedback for Rel.10 DL MIMO,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, CEWiT, Ericsson, Intel, LG Electronics, Nokia, Nokia Siemens Networks, Orange, Panasonic, RIM, Samsung, Sharp, ST-Ericsson, Texas Instruments 
[image: image1.png]




































































































































