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Introduction

In RAN #60, it is agreed that a precoder for a subband is composed of two matrices on LTE-A feedback framework[1] .

In RAN #60bis, further refinements of the two component feedback framework [2]were agreed.
· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1(C1 and W2(C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off
Based on RAN #60bis, RAN #61 accepted more design details[3].
·    Aperiodic PUSCH: 
· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework 

· The report in aperiodic PUSCH is self-contained in the same subframe

· One report can contain both W1 and W2 

· In case one of W1/W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2

· The same report contains RI and CQI

· Periodic PUCCH

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework

· W_1/W_2 reporting procedure 

· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W2 could be wideband or subband

· CSI Mode 2:  W is determined by a single report confined to a single subframe, e.g.

· one of W1/W2 could be fixed and hence does not need to be signaled 

· W1/W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2

· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details

During RAN1 #61, several proposals building on top of the dual codebook based feedback framework have been made[4]

 REF _Ref263060413 \r \h 
[5]

 REF _Ref263692359 \r \h 
[6][7]. In this contribution, we discuss the control signalling requirement to support Rel. 10 feedback framework. 
2 Periodic Reporting Modes and Types in Rel.8
For a Rel.8 UE, it is semi-statically configured by higher layers to periodically feed back different CQI, PMI, and RI on the PUCCH using the reporting modes given in Table 1. 
	                    
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


Table 1: CQI and PMI Feedback Types for PUCCH reporting Modes in Rel.8
Four CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode as given in Table2: 

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

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

	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

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

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


Table 2: PUCCH Report Type Payload size per Reporting Mode in Rel.8
In table 2, L denotes the location of the subband UE selected.
3 Periodic Reporting Modes and Types in Rel.10
The reporting modes in Rel.10 are given in Table 3. All reporting modes of Rel.8 are included in Rel.10. Mode 1-2 and Mode 2-2 are used to report double code words in Rel.10.
	                
	PMI Feedback Type

	
	No PMI
	Single PMI
	Double PMI 

	PUCCH CQI Feedback Type
	Wideband(wideband CQI)
	Mode 1-0
	Mode 1-1
	Mode 1-2

	
	UE Selected (subband CQI)
	Mode 2-0
	Mode 2-1
	Mode 2-2


Table 3: CQI and PMI Feedback Types for PUCCH reporting Modes in Rel.10
In Rel.10, two PMIs corresponding to W1 and W2 are needed, which necessitate the modification of the CQI/PMI and RI reporting types for each PUCCH reporting mode. We propose that three options for the new requirement of Rel.10. In this contribution, PMI1 and PMI2 denote the precoding matrix indexs of W1 and W2. L denotes the Index of the subband UE selected.  
3.1 Options of feeding back W1 and W2 in PUCCH
Option A
Seven CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode are given in the following,and new report report type is shown in figure1:
· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI
· New Type 5 report supports CQI and PMI2 feedback for the UE selected sub-bands
· New Type 6 report supports wideband CQI and PMI2 feedback.
· New Type 7 report supports RI and PMI1 feedback.

In comparison with Rel.8, three new report types (type 5,6,7) appear in Option A. For 8Tx MIMO, when RI≤2, all the new report type can be used. When RI≥3, new report type 7 and old report type 1, 2 can be used. For 4Tx MIMO, report type 1,2,3 can be reused. Report type 5 can also be used for 4Tx enhancement.
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        Figure 1: Three New Report Types in Option A for 8Tx
Table 4 gives an example of option A. Joint coding of RI and PMI1 is used when RI=1 or 2 in Report type 7.  Together with the RI information with RI≥3, we need 5-bit to represent the 30 states. In this case, W1 for RI=1 has 16 states to represent while W1 for RI=2 has 8 states to represent. This means the rank-1 codebook C1 has 16 codewords while rank-2 codebook C1 has 8 codewords. Note that we have 2 states left, we can also use these 2 states to represent the cases when we only want one PMI for RI=1 and 2. UE should fed back W information as Rank 3-8. 

For Report Type 6, wideband PMI information is fed back. W2 information is wideband information in this case which is fed back only when RI=1 or 2. For RI≥3, we only need one PMI information corresponding to the final suggested precoder W. This can be seen as the case that one of the two PMIs is fixed. The sizes of the codebook for rank3-8 are still not defined. Here we assume it is 4 bit for rank-3 and rank-4 and 0 (fixed W) to 4-bit for RI≥5.

For Report Type 5, 2-bit of W2 is added to Rel-8 Report Type 1 for each bandwidth part when RI=1 or 2. This is an enhancement to Rel-8 so that some frequency-selective precoding information is also available in PUCCH. This enhancement is not applicable to other ranks.
	
	RI/W1 information in
Report Type 7  (30 states – i.e. 5bit)
	W2 information in Report Type 6 or W information in Report Type 2
	W2 information in

Report Type 5

	RI=1, 2

joint-coded with W1
	RI=1 (16 states) 
	    W2 (2 bit)
	W2 (2 bit in each BP) 

	
	RI=2 (8 states )
	    W2 (2 bit)
	W2 (2 bit in each BP)

	RI>=3

No W1 information
	RI=3 (1 state)
	    W (4 bit)
	      N/A

	
	RI=4 (1 state)
	W (4 bit)
	      N/A

	
	RI=5 (1 state)
	W (0-4 bit)
	      N/A

	
	RI=6 (1 state)
	W (0-4 bit)
	      N/A

	
	RI=7 (1 state)
	W (0-4 bit)
	      N/A

	
	RI=8 (1 state)
	W (0-4 bit)
	      N/A


Table 4: Example for Option A
Table 5 shows the PUCCH Report Type Payload size per Reporting Mode in Option A
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2

	
	
	
	
	(bits/BP)

	5
	Sub-band CQI/subband PMI


	4 TX 
	NA
	NA

	
	
	8 TX RI = 1
	NA
	4+L+2

	
	
	8 TX RI = 2
	NA
	7+L+2

	1
	Sub-band CQI
	8 TX RI > 2
	NA
	7+L

	6
	Wideband CQI/ PMI2

	4 TX
	NA
	NA

	
	
	8 TX RI = 1
	2+4
	2+4

	
	
	8 TX RI = 2
	2+7
	2+7

	2
	Wideband CQI/ PMI
	8 TX RI > 2
	FFS

Decided by the RI value
	FFS

Decided by the RI value

	7
	RI/ PMI1

	4 TX 
	NA
	NA

	
	
	8 TX 
	5bit
	5bit


Table 5: PUCCH Report Type Payload size per Reporting Mode in Option A

Option B

In Option B, PMI1 is divided into two parts. One part of PMI1 is located together with RI, while the other part of PMI1 is located together with widband CQI and W2. The former is called PMI1_A/W1_A and the latter is called PMI1_B/W1_B. The segmentation of PMI1 located some payload in the subframe of wideband CQI in order to decrease the BLER of RI.
Seven CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode are given in the following, and new report report type is shown in figure2:
· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI
· New Type 5 report supports CQI and PMI2 feedback for the UE selected sub-bands
· New Type 6 report supports wideband CQI , PMI1_B and PMI2 feedback.

· New Type 7 report supports RI and PMI1_A feedback.

In comparison with Rel.8, three new report types type 5,6,7 appear in Option A.for 8Tx MIMO, when RI≤2, all the new report type can be used. When RI≥3, new report type 7 and old report type 1,2 can be used. For 4Tx MIMO, report type 1,2,3 can be reused, report type 5 can also be used for 4Tx enhancement.
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 Figure 2: Three New Report Type in Option B for 8Tx
Table 6 gives an example of option B.  Joint coding of RI and Part of PMI1 information is used when RI=1 or 2 in Report type 7.  Together with the RI information with RI≥3, we need 4-bit to represent the 12 states. In this case, W1_A information denotes one of the four regions in C1, each region have 4 possible codewords. Note that we have some states left, we can also use these states to represent the cases when we only want one PMI for RI=1 and 2.
For Report Type 6, wideband PMI information is fed back. W1_B information is another part of W1 information and W2 information is wideband information in this case which is fed back only when RI=1 or 2. For RI≥3, Report Type 2 can be reused , which is the same as Option A. 

	RI/ W1_A information in Report Type 7  (12 states – i.e. 4 bits)
	W2 and W1_B information in Report Type 6 or W information in Report Type 2
	W2 information in

Report Type 5
(the same as Option A)

	RI=1, 2

joint-coded with W1
	RI=1 (4 states) 
	W2 (2 bit)
	W2 (2 bit in each BP) 

	
	RI=2 (2 states )
	W2 (2 bit)
	W2 (2 bit in each BP)

	RI>=3

No W1 information
	RI=3 (1 state)
	W (4 bit)
	N/A

	
	RI=4 (1 state)
	W (4 bit)
	N/A

	
	RI=5 (1 state)
	W (0-4 bit)
	N/A

	
	RI=6 (1 state)
	W (0-4 bit)
	N/A

	
	RI=7 (1 state)
	W (0-4 bit)
	N/A

	
	RI=8 (1 state)
	W (0-4 bit)
	N/A


Table 6: Example for Option B
Table 7 shows the PUCCH Report Type Payload size per Reporting Mode in Option B.
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2

	
	
	
	
	(bits/BP)

	5
	Sub-band CQI/subband PMI


	4 TX 
	NA
	NA

	
	
	8 TX RI = 1
	NA
	4+L+2

	
	
	8 TX RI = 2
	NA
	7+L+2

	1
	Sub-band CQI
	8 TX RI > 2
	NA
	7+L

	6
	Wideband CQI/ PMI2/Part B of W1


	4 TX
	NA
	NA

	
	
	8 TX RI = 1
	2+ 2 +4
	2+ 2 +4

	
	
	8 TX RI = 2
	2+ 2 +7
	2+ 2 +7

	2
	Wideband CQI/ PMI
	8 TX RI > 2
	FFS

Decided by the RI value
	FFS

Decided by the RI value

	7
	RI/ Part A of W1


	4 TX 
	NA
	NA

	
	
	8 TX 
	4bit
	4bit


Table 7: PUCCH Report Type Payload size per Reporting Mode in Option B
Option C

In Option C, Type 3 can be reused for 8Tx, wideband PMI1 and PMI2 are reported together. Six CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode are given in the following, and new report report type is shown in figure3:
· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI
· New Type 5 report supports CQI and PMI2 feedback for the UE selected sub-bands
· New Type 6 report supports wideband CQI, PMI1 and PM2 feedback.

In comparison with Rel.8, two new report types type 5,6 appear in Option C. for 8Tx MIMO,when RI≤2, all the new report type can be used. When RI≥3, old report type 1,2 can be used. For 4Tx MIMO, report type 1,2,3 can be reused, report type 5 can also be used for 4Tx enhancement.
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Figure 3: Three New Report Type in Option C for 8Tx
Table 8 gives an example of option C. Report type 3 can be reused, we only need extend it to 3-bit in order to support rank up to 8.  For Report Type 6, wideband PMI1 and PMI2 information is fed back. 
For 8Tx XPOL, the two CQIs are expected to be very close or the same in most of the cases when RI=2 under correlated channel.  So the bitwidth of the differential CQI can be reduced so that it can be freed up to report PMI2.  For example, the bitwidth of the differential CQI can be reduced from 3 to 2.  In this case, we can fit 4-bit CQI, 2 bit differential CQI, 3-bit PMI1 and 2-bit PMI2 altogether in one 11-bit PUCCH payload. Similarly, the same Report Type 6 with wideband PMI1 and PMI2 can also be used for 4Tx XPOL.
For 8Tx ULA, closely spaced antennas is usually deployed so that correlated channel (and hence RI=1) is the dominant case.   So it is expected to have very little performance loss with the reduced bitwidth of the differential CQI in rank-2 case.
	RI information in Report Type 7  (8 states – i.e. 3 bits)
	W2 and W1 information in Report Type 6 or W information in Report Type 2
	W2 information in

Report Type 5
(the same as Option A)

	RI=1 (1 states)
	W1(4 bit)+W2 (2 bit)
	W2 (2 bit in each BP) 

	RI=2 (1 states )
	W1(3 bit)+W2 (2 bit)
	W2 (2 bit in each BP)

	RI=3 (1 state)
	W (4 bit)
	N/A

	RI=4 (1 state)
	W (4 bit)
	N/A

	RI=5 (1 state)
	W (0-4 bit)
	N/A

	RI=6 (1 state)
	W (0-4 bit)
	N/A

	RI=7 (1 state)
	W (0-4 bit)
	N/A

	RI=8 (1 state)
	W (0-4 bit)
	N/A


Table 8: Example for Option C
Table 9 shows the PUCCH Report Type Payload size per Reporting Mode in Option C.
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2

	
	
	
	(bits/BP)
	(bits/BP)

	5
	Sub-band CQI/subband PMI


	4 TX RI = 1
	NA
	4+L+2

	
	
	8 TX RI = 1
	NA
	4+L+2

	
	
	4 TX RI = 2
	NA
	7+L+2

	
	
	8 TX RI = 2
	NA
	7+L+2

	1
	Sub-band CQI
	4 TX RI > 2
	NA
	7+L

	
	
	8 TX RI > 2
	NA
	7+L

	6
	Wideband CQI/ PMI1/ PMI2

	4 TX RI = 1
	FFS
	FFS

	
	
	8 TX RI = 1
	4+6
	4+6

	
	
	4 TX RI = 2
	FFS
	FFS

	
	
	8 TX RI = 2
	4+2+5
	4+2+5

	2
	Wideband CQI/ PMI
	4 TX RI > 2
	7+4
	7+4

	
	
	8 TX RI > 2
	FFS

Decided by the RI value
	FFS

Decided by the RI value

	3
	RI
	4 TX 
	2
	2

	
	
	8 TX 
	3
	3


Table 9: PUCCH Report Type Payload size per Reporting Mode in Option C

3.2 PUCCH BLER with different payload
RI needs strong protection as it is very important to the system. If W1 is located together with RI , we need to evaluate the impact on the transmission reliability. We must take two factors into consideration and determine the best payload of RI/PMI. When payload is large, UL control signalling is sent in format2/2a/2b. In format2, RI and ACK can be sent on 6 bits or less than 6 bits payload. If 6 bits payload is used with frequency hopping, it will cause high BLER.  Simulation have been conducted to show the payload effect ranging from 2 bit to 12 bit and the result is presented in Figure 5. The result of the simulation clearly shows that the appropriate payload of the RI/PMI is less than 6 bit. 
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Figure 4: the effect of the payload on the performance  
Among the three options, option A needs the most number of bits (5-bit) to represent RI/WI information in report type 7.  It has the certain advantage of having all the W1 information jointly coded with RI in report type 7 for RI=1 and 2. 

For Option B, it needs 4-bit to represent RI/WI information in report type 7. Comparing with 4-bit and 5-bit PUCCH performance, it has about 0.2dB advantage over option A. However, W1 is divided into two parts for RI=1&2 in this case. One part is sent in report type 7. Another part is sent together with W2.  

For Option C, it needs the least number of bits (3-bit) to represent RI which has the best performance. There is no RI/W1 joint-coding which aligns with Rel-8 format more. However, we need to change the differential CQI bitwidth in order to fit in W2 information in report type 6.

Each option has its own pros and cons. The key is how much degradation of RI decoding we can allow comparing with 2-bit RI case in Rel-8.  In general, our preference is to have the following information in the new PUCCH report types.

1. Short term wideband W2 information should be available in PUCCH along with wideband CQI for rank-1 and rank-2 cases.

2. Frequency selective W2 information (in the form of BP) should be available for rank-1 and rank-2 cases.

4 Aperiodic Reporting on PUSCH in R10
For aperiodic reporting on PUSCH, RI and PMIs should be separated even if in PUCCH RI and W1 are jointly coded in PUCCH (e.g. if option A or B is adopted). RI and PMI1 are jointly coded in PUCCH in order to fit into additional W2 information in the limited PUCCH resources. In PUSCH case, the resources are not as limited as in PUCCH. Considering the structure of UCI multiplexing with PUSCH, it is natural to extend the RE occupied by Rel-8 PMI for PMI1 and PMI2 in Rel-10. Because all the RI, CQI and PMIs information are fed back together, W1 and W2 should have the same degree of protection as the original Rel-8 PMI. It’s not necessary for W1 to have the same degree of protection as RI. It may end up using more resources than necessary if W1 and RI are jointly coded.

[image: image5]
Figure 5: Signalling of W1 and W2 on PUSCH  
5 Conclusion

In this contribution we propose three options of UL PUCCH signaling to support two-component feedback. The three options inherit the framework of Rel.8. 
· For Option A, RI is jointly coded with the entire W1 in one report type. W2 is jointly coded together with wideband CQI in another report type.
· For Option B, RI is jointly coded with one part of W1 in one report type.  Another part of W1 is jointly coded together with W2 and wideband CQI in another report type.

· For Option C, RI is individually reported in one report type.  W1 and W2 are jointly coded together with wideband CQIs with reduced the differential CQI overhead.in another report type.
For enhancement , a new report type for subband CSI contains a frequency selective CQI and a frequency selective W2 in the form of bandwidth parts.
For PUSCH, RI and PMIs should be separated even if joint coding of RI and W1 is employed in PUCCH.
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