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1
Introduction

In the previous meetings, the following way forward was agreed about PUSCH and PUCCH signalling [3]:

· W_1/W_2 reporting for periodic PUCCH feedback

· CSI Mode 2:  

· Direct extension of Rel.8 PUCCH Mode 1-1

· W is determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

· Separate or joint selection of subset(s) of codebook C1 and/or codebook C2 is applied to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· The subset(s) are fixed and hence not configurable

· Details on CSI Mode 1 is to be studied further
In this contribution, we discuss the possible periodic reporting modes and types supported Rel. 10 feedback framework based on CSI Mode1, and propose detailed design for the CSI feedback on PUCCH. The aperiodic reporting on PUSCH in Rel.10 is also considered in this contribution. 
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
In Rel.10, two PMIs corresponding to W1 and W2 are needed because of the agreement of double-codebook structure [1].  Some of the PUCCH modes have to be changed to accommodated two PMIs.  Although the agreement on CSI-mode2[3] can solve the problem by doing subsampling of the double codebooks, it can’t take the full advantage of increasing feedback accuracy as the feedback bitwidth is the same as the Rel-8 PMI bitwidth defined for single codebook. Thus it is expected that the performance with CSI-mode2 is limited by its available bitwidth. Comparing with CSI-mode2, CSI mode 1[4][5][6] doesn’t have the restriction of feeding back W1 and W2 in the same subframe.  This increases the total effective available bitwidth of the two PMIs and hence increases the feedback accuracy with PUCCH.  Having W1 and W2 reported in different subframes also enables the long term/short term division of the two PMIs which is the important feature of the double codebook design.  In this section we discuss some options for the CSI-mode1 design of Rel.10 feedback signaling. In this contribution, PMI1 and PMI2 denote the precoding matrix indices of W1 and W2 respectively. L denotes the Index of the subband UE selected.  
3.1 CSI Mode1 Option A: Joint edcoding of RI and W1
To support RI/W1 joint encoding,six CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode that is given in the following:
· Four R8 Report Types
· New Type B report supports wideband CQI and PMI2 feedback.
· New Type C report supports RI and PMI1 feedback.
Notes:Some New Type can be merged with four R8 Report Type, e.g Type B can be merged with type 2

In comparison with Rel.8, two new report types (type B, C) appear in CSI Mode1 Option A. For 8Tx MIMO, when RI≤2, all the new report type can be used. When RI≥3, new report type C and old report type 1, 2 can be used. For 4Tx MIMO, R8 Report Type can be reused. Report type C can also be used for 4Tx enhancement.
Table 3 gives a RI/W1 joint coding design for 8Tx case. When RI=1 or 2, RI and PMI1 are jointly encoded in Report type C. In this case, there are 16 states for representing W1 for RI=1 and 8 states for representing W1 for RI=2. This means there are at least 16 rank-1 beams for ULA in C1 and 8 rank-2 beams for XPOL in C2[2]. For RI≥3, 6 states are used to represent rank equal 3 to 8. This adds up to 30 states. Therefore, a total 5-bit signalling needs to be used to report the RI and PMI1. The remaining 2 states can be used to represent the cases when we only want one PMI for RI=1 and 2. This makes it backward compatible with Rel-8 feedback.  Same codebook subsampling as in CSI-mode2 can be applied in these states.
For Report Type B, wideband PMI information is fed back. W2 information is wideband information which is fed back only when RI=1 or 2. For RI≥3, only one PMI information needs to be fed back 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.

	
	RI/W1 information in Report Type C  (5bits)
	W2 information in Report Type B or W information in Report Type 2

	RI=1, 2

joint-coded with W1
	RI=1 (16 states) 
	    W2 (2 bits)

	
	RI=2 (8 states )
	    W2 (2 bits)

	
	RI=3 (1 state)
	    W (4 bits)

	
	RI=4 (1 state)
	W (4 bits)

	
	RI=5 (1 state)
	W (0-4 bits)

	
	RI=6 (1 state)
	W (0-4 bits)

	
	RI=7 (1 state)
	W (0-4 bits)

	
	RI=8 (1 state)
	W (0-4 bits)

	
	RI= 1(1 state)
	W 4 bits

	
	RI=2(1 state)
	W 4 bits


Table 3: An example of joint transmission of W1 and RI for 8Tx
Figure 1 shows the new report types in option A and Report type1 in R8
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Figure 1: Two New Report Types in Option A 
For 4Tx enhancememt in LTE-A, Table 4 gives the design details for joint encoding of RI and W1. When RI=1, 8 rank-1 codewords in LTE 4Tx codebook are selected to jointly encoded with RI. The 8 rank-1 codewords can be the first 8 codewords in LTE rank-1 4Tx codebook. When RI=2, 4 rank-2 codewords in LTE 4Tx codebook are selected to joint encoding with RI. The 4 rank-2 codewords can be the 2nd, 3rd, 7th, 9th rank-2 codewords in LTE 4Tx codebook which fits for cross-polarized antenna configuration. In this case a total 4bits signalling needs to be used to report the RI and PMI1. There are 12 states for representing the joint encoding of RI and W1 for RI=1 and 2, the remaining 4 states represent the cases that only one PMI needs to be fed back (LTE case).  Given that limited bitwidth on PUCCH, we focus on enhancing the feedback accuracy for correlated channel in which only certain codewords are selected most of the time.  For uncorrelated channel, we can fall back to Rel-8 single codebook feedback with the last four states.  Note that the limitation of enhancing part of the Rel-8 codebook is only applicable to PUCCH.  In PUSCH, enhancement can be done to all the Rel-8 codewords.
	
	RI/W1 information in Report Type C (4bits)
	W2 information in Report Type B or W information in Report Type 2

	RI=1,2

joint-coded with W1
	RI=1 (8 states)
	W2 (3 bits)

	
	RI=2 (4 states)
	W2 (2 bits) subsampling

	RI=1,2,3,4

Only one PMI case (LTE)
	RI=1 (1 states)
	W (3/4 bits)

	
	RI=2 (1 states)
	W (4bits)

	
	RI=3 (1 states)
	W (4bits)

	
	RI=4 (1 states)
	W (4bits)


Table 4: An example of joint transmission of W1 and RI for 4Tx enhancement
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
	

	
	
	
	
	

	B
	Wideband CQI/ PMI2

	RI = 1
	2+4
	

	
	
	RI = 2
	2+7
	

	C
	RI/ PMI1

	4 TX 
	4bits
	

	
	
	8 TX 
	5bits
	


Table 5: PUCCH Report Type Payload size per Reporting Mode in Option A
3.2 CSI Mode1 Option B: Joint encoding of subband W2 and subbandCQI
To support subband W2 with subband CQI,seven CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode that is given in the following:
· Four R8 Report Types
· New Type A report supports CQI and PMI2_subset feedback for the UE selected sub-bands
· New Type B report supports wideband CQI and subsampling of W1/W2 feedback.
In comparison with Rel.8, three new report types (type A,B) appear in Option B. 
Another Report Type C can also be considered，For this report type, we assume that the C2 codebook size is 3 bits for PUSCH. To support subband W2 feedback on PUCCH，the codewords in C2 can be restricted to two 2-bits codebook subsets and these two codebook subsets can be applied to different channel environment or configuration. Therefore, we can use 1 bit to indicate which codebook subset in C2 should be used in current condition. The 1-bit indication can be jointly encoded with RI, which is RI+W2_indication. If RI/W2_indication is not preferred, fixed or configurable codebook subset selection for Type A another choice.
For the report type B in this option, the wideband W1 and W2 will be subsampled in order to keep the payload size within 11 bits. The bitwidth after subsampling of W1 and W2 is 4 bits. For 4Tx, Rel-8 codebook can be used. For 8Tx, subsampling is FFS
For the report type A in this option, the PMI2_subset represents the precoder index restricted in the codebook subset of C2 that is determined by the W2_indication or fixed. 
Figure 2 shows the report types in option B
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   Figure 2: Three New Report Types in Option B with RI/W2 
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2

	
	
	
	
	(bits/BP)

	A
	Sub-band CQI/subband PMI


	RI = 1
	NA
	4+L+3

	
	
	RI = 2
	NA
	7+L+2

	B
	Wideband CQI/ PMI1/PMI2

	RI = 1
	2+4
	2+4

	
	
	RI = 2
	2+7
	2+7


Table 6: PUCCH Report Type Payload size per Reporting Mode in Option B
3.2 CSI Mode1 Option C

This option includes all the new report types described in option A and option C. i.e.
· Four R8 Report Type
· New Type A report supports CQI and PMI2_subset feedback for the UE selected sub-bands
· New Type B report supports wideband CQI and PMI2 feedback.
· New Type C report supports RI and PMI1 feedback.
In this option, both wideband and subband W2 can be reported.  We can see option A as the extension to Rel-8 PUCCH 1-1 and option B as the extension to Rel-8 PUCCH 1-2. We can merge them all together so that both wideband W2 and subband W2 are available. This option provides better feedback accuracy and it’s the preferable choice.
Figure 3 shows the the report types in option B
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                      Figure 3: Three Report Types in Option B with RI/W2 
3.3 Performance Evaluation

In this section, we perform evaluation on RI/W1 joint coding.  RI needs strong protection as it is very important to the system as all the PMI/CQI information depends on RI.  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 has been conducted to show the payload effect ranging from 2 bit to 12 bit and the result is presented in Figure 4. 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  
Figure 5 to Figure 7 give the simulation results of CSI BLER performance with different MRI. From these figures we can observe that with the payload size of RI/W1 incresing from 2 bits to 5 bits, there is no obvious change on the CSI performance. However, the CSI performance has about 1dB degradation when the payload size of CQI/W2 increases from 9 bits to 11 bits. Therefore, we can conclude that the MRI has the negligible impact on the CSI performance and the CSI performce has dominanted by the performance of CQI/W2.
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Figure 5: CSI performance with MRI=1
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Figure 6: CSI performance with MRI=4
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Figure 7: CSI performance with MRI=16

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: image8]
Figure 8: Signalling of W1 and W2 on PUSCH  
5 Conclusion

In this contribution we propose two options of UL PUCCH signaling to support two-component feedback and these three options can inherit the framework of Rel.8 well. 
· In option A, W1 is encoded jointly with RI. Wideband W2 and wideband CQI are signalled in the same subframe. In this option, the subsampling of W1/W2 codebooks can be avoided.
· In option B, subband W2 is reported together with subband CQI.  RI can be encoded jointly with W2_indication and the subsampling of wideband W1/W2 is supported to fit in one PUCCH report.
· Option C basically is the merge of options A and B so that both wideband W2 and subband W2 information are available. 
For option A, the error propagation is not an issue for RI/W1 joint coding.
For PUSCH, RI and PMIs should be transmitted separately even if joint enoding of RI and W1 is employed in PUCCH.
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