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1 Introduction
In RAN1#64 meeting, RAN1 agreed that the CQI index “0” (i.e. out of range) shall be reported for codeword 0 in case the UE does not yet have a valid CQI available upon the activation of a SCell. Furthermore, it was agreed that there is no need to specify the value of PMI and RI in this case [4]. However, it is still beneficial that the UE transmits specified RI if configured. A specified RI pattern reported with CQI index “0” can reduce the invalid CSI on PUSCH to improve the BLER of UL_SCH. In addition, complementary information on invalid CQI report can also help eNB to make correct decision if the CSI is valid or not. In this contribution, we present our view on this issue and propose a method to reduce unnecessary information when the invalid CQI reporting instant is occurred.
2 Discussion
2.1 CQI/PMI/RI reporting at SCell activation
Considering the scenario as illustrated in Figure 1, when a UE receives a SCell (CC#1) activation command at subframe index t2, UE would start measuring CQI for this SCell but not transmit any CQI before t2+8. And UE shall start CQI reporting for this SCell in accordance with configuration after t2+8 when an aperiodic CQI reporting is scheduled for this SCell. In order to ensure that no CQI size uncertainty complicates the eNB decoding of PUSCH, UE shall transmit CQI even if it does not have valid measurement. Fig. 1 illustrates the case that valid CQI is not available from t2+8 to t2+8+n, thus during this period UE shall report invalid CQI when scheduled. 
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Figure 1: CQI measurement and reporting timing after receiving SCell activation command
2.2 CQI/PMI reporting type
For aperiodic channel quality information reporting, there are total three reporting types:

A. Wideband CQI report

B. Subband CQI report

C. UE selected CQI report
For a UE, only one reporting type would be configured (by higher layer, RRC) and UE shall report the corresponding CQI according to the configuration and the antenna number of eNB. The details for CQI reporting are listed as followed.
A. CQI/PMI formats for wideband CQI reports

When the CQI/PMI reporting formats are configured as “wideband CQI report”, UE shall reports the wideband CQI/PMI according to the configuration of Tx/Rx antenna number and current status of channel rank. Table 1 illustrates the fields of CQI/PMI for 2/4 antenna ports; Table 2 illustrates the fields of CQI/PMI for 8 antenna ports. The detailed content depends on the rank value.

Table 1: Fields for channel quality information feedback for wideband CQI reports (2/4 antenna ports).

	Field
	Bit width

	
	2 antenna ports
	4 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	0
	4
	0
	4

	Precoding matrix indicator
	2N
	N
	4N
	4N


Table 2: Fields for channel quality information feedback for wideband CQI reports (8 antenna ports).

	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	0
	4
	4
	4

	Wideband first PMI i1
	4
	4
	2
	2

	Subband second PMI i2
	4N
	4N
	4N
	3N

	

	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	4
	4
	4
	4

	Wideband first PMI i1
	2
	2
	2
	0

	Subband second PMI i2
	0
	0
	0
	0


In these Tables, 
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 denotes the number of physical resource block (PRB) for a cell. Supported subband size (k) is given in Table 3 [2].
Table 3: Subband size (k) vs. System bandwidth
	System Bandwidth
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	Subband size

k

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8


B. CQI/PMI formats for higher layer configured subband CQI reports

When the CQI/PMI reporting formats are configured as “higher layer configured subband CQI report”, UE shall reports the CQI/PMI according to the configuration of Tx/Rx antenna number and current status of channel rank. Table 4 illustrates the fields of CQI/PMI for 2/4 antenna ports; Table 5 illustrates the fields of CQI/PMI for 8 antenna ports.
Table 4: Fields for channel quality information feedback for higher layer configured subband CQI reports (2/4 antenna ports).

	Field
	Bit width

	
	2 antenna ports
	4 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	Wide-band CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2N
	2N
	2N
	2N

	Wide-band CQI codeword 1
	0
	4
	0
	4

	Subband differential CQI codeword 1
	0
	2N
	0
	2N

	Precoding matrix indicator
	2
	1
	4
	4


Table 5: Fields for channel quality information feedback for higher layer configured subband CQI reports (8 antenna ports).

	Field
	Bitwidth

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2N
	2N
	2N
	2N

	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	2N
	2N
	2N

	Wideband first PMI i1
	4
	4
	2
	2

	Subband second PMI i2
	4
	4
	4
	3

	

	Field
	Bitwidth

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2N
	2N
	2N
	2N

	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	2N
	2N
	2N
	2N

	Wideband first PMI i1
	2
	2
	2
	0

	Subband second PMI i2
	0
	0
	0
	0


C. CQI/PMI formats for UE selected subband CQI reports

When the CQI/PMI reporting formats are configured as “UE selected subband CQI report”, UE shall reports the CQI/PMI according to the configuration of Tx/Rx antenna number and current status of channel rank. Table 6 illustrates the fields of CQI/PMI for 2/4 antenna ports; Table 7 illustrates the fields of CQI/PMI for 8 antenna ports.
Table 6: Fields for channel quality information feedback for UE selected subband CQI reports (2/4 antenna ports).

	Field
	Bit width

	
	2 antenna ports
	4 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	Wide-band CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2

	Wide-band CQI codeword 1
	0
	4
	0
	4

	Subband differential CQI codeword 1
	0
	2
	0
	2

	Position of the M selected subbands
	L
	L
	L
	L

	Precoding matrix indicator
	4
	2
	8
	8


Table 7: Fields for channel quality information feedback for UE selected subband CQI reports (8 antenna ports).
	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wide-band CQI codeword 0
	4
	4
	4
	4
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2
	2
	2
	2
	2

	Wide-band CQI codeword 1
	0
	4
	4
	4
	4
	4
	4
	4

	Subband differential CQI codeword 1
	0
	2
	2
	2
	2
	2
	2
	2

	Position of the M selected subbands
	L
	L
	L
	L
	L
	L
	L
	L

	Wideband first PMI i1
	8
	8
	4
	4
	4
	4
	4
	0

	Subband second PMI i2
	8
	8
	8
	6
	0
	0
	0
	0


In these Tables, 
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. Supported subband sizes k and M values are given in Table 8 [2].

Table 8: Subband size (k) and number of subbands (M) vs. downlink system bandwidth.
	System Bandwidth


[image: image6.wmf]DL

RB

N


	Subband size

k
	M

	6 - 7
	NA
	NA

	8 - 10
	2
	1

	11 - 26
	2
	3

	27 - 63
	3
	5

	64 - 110
	4
	6


2.3 Observation and proposal
In order to ensure that no CQI size uncertainty complicates the eNB decoding of PUSCH, UE shall transmit CQI even if it does not have valid measurement. This happens when a CC is activated and CQI report is scheduled but valid CQI is not available because CQI measurement needs enough time to perform averaging. Considering the CQI/PMI as listed in Tables 1, 2, 4 ~ 7, the content and the payload size of CQI/PMI would depend on the estimated channel rank (RI). When invalid CQI is transmitted by a UE, other UCI information such as RI, PMI would also be “invalid formation”. For this case, the payload size of CQI/PMI can be reduced by selecting a RI value that minimizes the payload size of CQI/PMI. The proposed method can reduce the dummy information in PUSCH thus improve the uplink performance.
Observation:

1. For aperiodic CQI reporting, the content and the payload size of CQI/PMI would depend on the RI value.
2. Current agreement [4] just specify that UE report CQI index “0” for invalid CQI reporting instant but no clear indication for this event.
Proposal:


For aperiodic CQI reporting instant and the invalid CQI is transmitted by a UE, the payload size of CQI/PMI can be reduced by specifying RI value that minimizes the payload size of CQI/PMI. The goal of this proposal is to reduce the dummy information in PUSCH thus improve the uplink performance. The appropriate RI values are as following table:
Table 9: Proposed RI value for invalid CQI reporting
	CQI reporting mode
	Min(Tx_ports,Rx_ports)

	
	2
	4
	8

	Wideband CQI
	2
	1
	8

	Subband CQI
	1
	1
	1

	UE selected
	1
	1
	8


On the other hand, a fixed RI pattern reported with CQI=0 for the purpose of invalid CQI report can help eNB to get clear information on this event and make correct decision.
3 Conclusion

When a UE is scheduled to transmit an aperiodic CQI report which including rank indicator (RI), but the CQI measurement is not ready, we propose that RI value should be specified to indicate a minimum payload size of CQI/PMI. A specified RI pattern reported with CQI index “0” can reduce the invalid CSI on PUSCH to improve the BLER of UL_SCH. In addition, complementary information on invalid CQI report can also help eNB to make correct decision if the CSI is valid or not.
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Figure 2: CQI/PMI payload size comparison for wideband CQI reports, case of 2 antenna ports.
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Figure 3: CQI/PMI payload size comparison for wideband CQI reports, case of 4 antenna ports.
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Figure 4: CQI/PMI payload size comparison for wideband CQI reports, case of 8 antenna ports.
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Figure 5: CQI/PMI payload size comparison for higher layer configured subband CQI reports, case of 2 antenna ports.
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Figure 6: CQI/PMI payload size comparison for higher layer configured subband CQI reports, case of 4 antenna ports.
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Figure 7: CQI/PMI payload size comparison for higher layer configured subband CQI reports, case of 8 antenna ports.
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Figure 8: CQI/PMI payload size comparison for UE selected subband CQI reports, case of 2 antenna ports.
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Figure 9: CQI/PMI payload size comparison for UE selected subband CQI reports, case of 4 antenna ports.
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Figure 10: CQI/PMI payload size comparison for UE selected subband CQI reports, case of 8 antenna ports.
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