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1
Introduction

In RAN Plenary #62, small cell enhancements work item was approved [1]. The WID stated that RAN1 should work on specifying physical layer aspects of downlink 256 QAM, while keeping the existing size of CQI feedback field and MCS indication field.
In this contribution, we discuss the details of the CQI table and feedback design for downlink 256 QAM.
2
Design principles for 256 QAM CQI
The support of 256 QAM in the downlink should be optional for the UE in the sense that the UE may indicate to the eNB whether it has downlink 256 QAM capability. However, it should be left to the eNB whether to configure it.
Proposal 1: Support of 256 QAM should be optional and the use of it is configured by the eNB.
2.1
CQI granularity
The channel quality index (CQI) mapping table in current LTE consists of 16 entries (4bits) as shown in Table 1. The table was constructed with the following principles [2]:

a) The non-zero CQIs cover a range of SNR between -7dB to 21dB.

b) The SNR increment between adjacent CQIs is 1.892dB.
c) The code rates are expressed with 10-bit resolution, where the lowest and the highest code rates are 78/1024 and 948/1024, respectively.
Table 1. LTE Release 8-11 CQI table
	CQI index
	modulation
	code rate

x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


The CQI granularity, i.e. SNR increment between adjacent CQIs, affects the link adaptation and throughput of the system. For that reason, and for other practical reasons like RAN4 testing, implement complexity, etc, we propose that the same CQI granularity is kept for 256 QAM.
Proposal 2: Keep the CQI granularity of 1.892 dB between adjacent CQIs for 256 QAM.
2.2
Maximum supported spectral efficiency

In TS36.213, it is stated that “The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.930, … .” 
 This limits the maximum practical spectral efficiency (SE) to about 7.5. Accordingly, we propose the maximum SE to be around 7.5.
Proposal 3: Maximum supported spectral efficiency is approximately 7.5.

2.3
CQI mapping
Table 2 shows examples of new CQIs for 256 QAM based on the above proposals 2 and 3.
Table 2. Example of new 256 QAM CQIs with spectral efficiency between 5.6 and 7.5 with 1.892dB granularity
	modulation
	code rate

x 1024
	efficiency

	256QAM
	800
	6.2500

	256QAM
	879
	6.8672

	256QAM
	959
	7.4992


If we were to add these CQIs to the existing CQI table, the CQI feedback field would exceed 4 bits, which would increase the required number of UCI bits beyond what is supportable in the current PUCCH design (format 2/2a/2b), not to mention that it would contradict the objective of the approved small cell enhancements WID.

In order to keep the size of the CQI bit field the same without changing the CQI granularity, the only option is to have: (i) an additional CQI mapping table that includes the higher SE entries, and (ii) a way to switch between the existing and the new CQI mapping tables without impacting the maximum number of UCI bits (this will be discussed in the next section). The switching between the two tables can be based on link conditions. 
Examples of CQI mapping tables are given in Table 3.

Table 3. Using two switchable CQI mapping tables to support 256 QAM
(a) Legacy CQI table









(b) New CQI mapping table for higher SE
	CQI index
	modulation
	code rate

x 1024
	efficiency
	
	CQI index
	modulation
	code rate

x 1024
	efficiency

	0
	out of range
	
	0
	out of range

	1
	QPSK
	78
	0.1523
	
	1
	QPSK
	308
	0.6016

	2
	QPSK
	120
	0.2344
	
	2
	QPSK
	449
	0.877

	3
	QPSK
	193
	0.3770
	
	3
	QPSK
	602
	1.1758

	4
	QPSK
	308
	0.6016
	
	4
	16QAM
	378
	1.4766

	5
	QPSK
	449
	0.8770
	
	5
	16QAM
	490
	1.9141

	6
	QPSK
	602
	1.1758
	
	6
	16QAM
	616
	2.4063

	7
	16QAM
	378
	1.4766
	
	7
	64QAM
	466
	2.7305

	8
	16QAM
	490
	1.9141
	
	8
	64QAM
	567
	3.3223

	9
	16QAM
	616
	2.4063
	
	9
	64QAM
	666
	3.9023

	10
	64QAM
	466
	2.7305
	
	10
	64QAM
	772
	4.5234

	11
	64QAM
	567
	3.3223
	
	11
	256QAM
	655
	5.1172

	12
	64QAM
	666
	3.9023
	
	12
	256QAM
	711
	5.5547

	13
	64QAM
	772
	4.5234
	
	13
	256QAM
	800
	6.2500

	14
	64QAM
	873
	5.1152
	
	14
	256QAM
	879
	6.8672

	15
	64QAM
	948
	5.5547
	
	15
	256QAM
	959
	7.4992


Notes:

· The first CQI mapping table is identical to the legacy CQI table, covering the range of SE between 0.15 and 5.55.
· The second CQI mapping table covers SE between 0.6 and 7.5. The switching point between 64 QAM and 256 QAM occurs roughly at a SE of 5 in this example.
· The two tables have a significant number of overlapping SE entries (CQI indices 1 to 12 in Table 3b). This is for robustness of CQI mapping table selection.
· The new CQI mapping table also has an “out-of-range” entry to indicate an extreme poor condition.
Proposal 4: Define two switchable CQI mapping tables, one identical to the legacy, the other a new CQI mapping table that includes higher spectral efficiency entries.
Proposal 5: Include an “out-of-range” value in the new CQI mapping table.

2.4
Differential CQI

When there are two CQIs corresponding to two codewords, the differential CQI should be computed as if there is only one combined CQI mapping table. For example, if the first CQI using the new table is 4 (16QAM with code rate 378/1024), which is identical to CQI of 7 in the legacy table, and the differential CQI is -6, it means that the second CQI corresponds to CQI of 1 (QPSK with code rate 78/1024) in the legacy table. Note that this is possible only because we have identical overlapping SEs in the two mapping tables.
Proposal 6: The new CQI mapping table should include identical overlapping spectral efficiencies of the legacy table.

Proposal 7: When there are two CQIs corresponding to two codewords, the differential CQI should be computed as if there is only one combined CQI mapping table.

3
Signaling support
With the approach of two CQI tables, the UE needs to know which table to use when computing CQI. The eNB also needs to know which table a reported CQI is based on.
The choice of which table to use to compute CQI can be either up to the eNB or UE to decide. We prefer the UE to make that decision as the UE has complete knowledge of the link conditions. 

The UE may indicate which table it uses to compute CQI via L1 or RRC signaling. The drawbacks of RRC signaling are that (i) it may be to slow a process to adapt to sudden changes in link conditions (e.g., interference on/off), and (ii) there is no activation timer in RRC signaling to indicate which subframe(s) the selected table is valid for. Accordingly, we propose the following methods for L1 signaling of the CQI table. 
Proposal 8: Support physical layer indication of CQI table by the UE.
3.1
CQI table signaling for CSI feedback on PUCCH
CQI table signaling can be done using 1 bit, denoted as the CQI Table Indicator (CTI). To minimize its impact on the linear block code design for PUCCH format 2, we propose to jointly encode CTI with RI or RI/PTI.

Currently, the RI or RI/PTI report on PUCCH requires a maximum of 4 bits. Adding 1 extra bit to this report is possible without changing the linear block code. In contrast, it would be difficult to add 1 extra bit to the current CQI reports as some report modes already reach the maximum 11 bits that the linear block code supports. 
An example of CTI reporting as part of PUCCH CSI mode 1-1 submode 2 is shown in Figure 1.
[image: image1.emf]RI

CTI

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

RI

CTI

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

WB CQI

WB W

1

/W

2

M∙N

pd

N

pd

N

OFFSET

PUCCH CSI mode 1-1 Submode 2

CQI value based on CQI table indicated by CTI

CQI value based on CQI table indicated by CTI


Figure 1. Example of CTI reporting in PUCCH CSI mode 1-1 sub-mode 2

Note that 1 CTI bit represents multiple CQI reports, so a mis-detection of one CTI will impact many subsequent CQI reports. However, as CTI is jointly encoded with RI/PTI, the effect would be the same as existing error cases of mis-interpreting RI/PTI.

Further examples of CTI reporting in other PUCCH CSI modes are shown in the Appendix.

If RI is not reported (e.g., 1Tx eNB), the following options are possible:

a) CTI is transmitted in the reporting instances that would otherwise be used to transmit RI.

b) CTI is jointly encoded and transmitted with CQI. In this case, it is possible to fit the CTI/CQI into existing PUCCH formats. 

Proposal 9: Support a 1- bit CQI table indicator (CTI) for CSI feedback on PUCCH by jointly encoding it within the existing RI or RI/PTI field. The CTI indicates which CQI table is used to compute subsequent CQI reports.

Proposal 10: If RI is not reported (e.g., 1Tx eNB), FFS whether to transmit CTI in the reporting instances of RI or CQI.

3.2
CQI table signaling for CSI feedback on PUSCH
For PUSCH CSI reporting modes, a 1-bit CTI can be sent along with CQI or PMI/CQI because there is no coding payload restriction. Only 1 extra bit is needed for one or more CQI fields.
Proposal 11: For CSI feedback on PUSCH, jointly encode the 1-bit CTI with CQI/PMI.
4
Conclusions

In this contribution, we discuss design aspects of CQI for downlink 256QAM. The following is our proposals:
Proposal 1: Support of 256 QAM should be optional and the use of it is configured by the eNB.

Proposal 2: Keep the CQI granularity of 1.892 dB between adjacent CQIs for 256 QAM.

Proposal 3: Maximum supported spectral efficiency is approximately 7.5.

Proposal 4: Define two switchable CQI mapping tables, one identical to the legacy, the other a new CQI mapping table that includes higher spectral efficiency entries.

Proposal 5: Include an “out-of-range” value in the new CQI mapping table.

Proposal 6: The new CQI mapping table should include identical overlapping spectral efficiencies of the legacy table.

Proposal 7: When there are two CQIs corresponding to two codewords, the differential CQI should be computed as if there is only one combined CQI mapping table.

Proposal 8: Support physical layer indication of CQI table by the UE.

Proposal 9: Support a 1- bit CQI table indicator (CTI) for CSI feedback on PUCCH by jointly encoding it within the existing RI or RI/PTI field. The CTI indicates which CQI table is used to compute subsequent CQI reports.

Proposal 10: If RI is not reported (e.g., 1Tx eNB), FFS whether to transmit CTI in the reporting instances of RI or CQI.

Proposal 11: For CSI feedback on PUSCH, jointly encode the 1-bit CTI with CQI/PMI.
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6
Appendix
The following figures show examples of CTI reporting in various PUCCH CSI reporting modes.
PUCCH Mode 1-0
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PUCCH Mode 1-1
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PUCCH Mode 2-0

[image: image4.emf]RI

CTI

WB CQI

SB CQI SB CQI SB CQI

WB 

CQI

SB CQI SB CQI SB CQI

WB 

CQI

M∙ H∙ N

pd

N

pd

N

OFFSET

H∙N

pd


PUCCH Mode 2-1
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PUCCH Mode 2-1
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� This upperbound on channel code rate was decided in Release 8 based on: (i) the number of payload bits to achieve the highest bit rate category vs. the maximum number of available coded bits assuming 4Tx antennas and 1 OFDM symbol for PDCCH, and (ii) the fact that the systematic bit skipping in turbo code rate matching significantly degrades the decoding performance for code rates above 0.94 [4].






