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1 Introduction
In and after the last RAN1 meeting some details related to the CQI-only transmissions on PUSCH have been agreed [1]

 REF _Ref201645701 \r \h 
[2]. However, the final definition of the modulation order and the restriction of the RB allocation size are still open.

In this contribution, we propose for CQI-only transmissions on PUSCH to always set the modulation order to QPSK and to restrict the RB allocation size to a maximum of 4 RBs.

2 Discussion and proposal

In the last meeting, it has been agreed that MCS_index = 29 (indicating the use of RV1) on PDCCH in conjunction with a set aperiodic CQI trigger is used to signal aperiodic CQI-only transmissions on PUSCH. In addition, it has been agreed to limit the RB allocation sizes (agreed range: [2-4] RBs) in order to avoid too stringent scheduler restrictions for the use of RV1 when multiplexing data and CQI. However, the final maximum RB allocation size and the modulation order have not been agreed yet. In order to determine the maximum RB allocation size for CQI-only transmissions, it should be guaranteed that sufficiently low QPSK code rates are available in order to have a sufficient coverage of the CQI-only report. Therefore, Table 1 (normal cyclic prefix) and Table 2 (extended cyclic prefix) provide the resulting QPSK code rates for allocating 4 RBs to the CQI‑only transmission for all possible multiplexing cases of a CQI report with other control channels. The following assumptions are made:

· SRS (Sounding Reference Symbol) occupies 1 SC‑FDMA symbol

· A/N (ACK/NACK) occupies 4 SC‑FDMA symbols (maximum possible repetition case)

· RI (Rank Indicator) occupies 4 SC‑FDMA symbols (maximum possible repetition case)

· Modulation: QPSK

Table 1. QPSK code rates for CQI-only (normal cyclic prefix, 4 RBs)

	CQI report size
(incl. CRC)
	PUSCH content

	
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	32
	0,028
	0,030
	0,042
	0,042
	0,048
	0,048
	0,083
	0,111

	40
	0,035
	0,038
	0,052
	0,052
	0,060
	0,060
	0,104
	0,139

	56
	0,049
	0,053
	0,073
	0,073
	0,083
	0,083
	0,146
	0,194

	72
	0,063
	0,068
	0,094
	0,094
	0,107
	0,107
	0,188
	0,250


Table 2. QPSK code rates for CQI-only (extended cyclic prefix, 4 RBs)

	CQI report size
(incl. CRC)
	PUSCH content

	
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	32
	0,033
	0,037
	0,056
	0,056
	0,067
	0,067
	0,167
	0,333

	40
	0,042
	0,046
	0,069
	0,069
	0,083
	0,083
	0,208
	0,417

	56
	0,058
	0,065
	0,097
	0,097
	0,117
	0,117
	0,292
	0,583

	72
	0,075
	0,083
	0,125
	0,125
	0,150
	0,150
	0,375
	0,750


Table 1 shows that for the normal cyclic prefix case allowing allocations up to 4 RBs provides sufficiently low code rates < 1/3 (utilizing the full coding gain) for all multiplexing cases.

In case of an extended cyclic prefix (Table 2), only for selected CQI report sizes and when multiplexing the CQI with the Rank Indicator and the ACK/NACK this results in code rates higher than 1/3. However, still a reasonable coding gain can be achieved. In any case, it is assumed to be rare that a large CQI report is multiplexed with ACK/NACK and the Rank Indicator and with both occupying all REs of the 4 SC-FDMA symbols at the same time (very low geometry UEs only). If a CQI-only is still requested in this case, the eNodeB has sufficient means by the attached CRC to determine a failed CQI transmission. Furthermore, the eNodeB is aware of such a situation and, therefore, can avoid requesting a CQI-only.
It should be mentioned that for the normal cyclic prefix also a limit of 3 RBs would be sufficient to utilize the full coding gain for all cases. However, then for the extended cyclic prefix the 72 bit CQI report for the CQI+A/N+RI+SRS case would result in a code rate of 1.

Based on the analysis above and that the caused scheduler restriction has only marginal impact if the maximum RB size is determined to 2,3 or 4 RBs, we propose to restrict the RB allocation size to a maximum of 4 RBs for both the normal and the extended cyclic prefix.
Concerning the modulation order, the tables in the Annex show the resulting QPSK code rates for mapping the CQI-only transmission on a single RB. It can be observed that in most cases code rates below 0.7 are obtained, which basically do not require switching to 16‑QAM. Therefore, we propose to always set the modulation order to QPSK.
The according required change to sections 8.6.1 and 8.6.2 in 36.213 is shown below.

--------------------------------------------------------------

8.6.1

Modulation order and redundancy version determination 

For
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) is determined as follows:
· If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order is given by 
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in Table 8.6.1-1.
· If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, 
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is first read from Table 8.6.1-1. The modulation order is set to 
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· If the UE is to transmit the PUSCH in bundled mode and
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For
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, the modulation order is assumed to be as determined from DCI transported in the initial PDCCH for the same transport block using 
[image: image10.wmf]28

0

MCS

£

£

I

except for the following case. If
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, the “CQI request” bit in DCI format 0 is set and 
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, the modulation order is set to 
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The UE shall use
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and Table 8.6.1-1 to determine the redundancy version (rvidx) to use in the physical uplink shared channel.
…

8.6.2

Transport block size determination

For
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, the UE shall first determine the TBS index (
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[image: image19.wmf]MCS

I

and Table 8.6.1-1. The UE shall then follow the procedure in Section 7.1.7.2.1 to determine the transport block size.

For
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, the transport block size is assumed to be as determined from DCI transported in the initial PDCCH for the same transport block using 
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except for the following case. If
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, the “CQI request” bit in DCI format 0 is set and 
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, then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE.

--------------------------------------------------------------
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Annex
Table A1. QPSK code rates for CQI-only (normal cyclic prefix, 1 RB)

	CQI size
(incl. CRC)
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	32
	0,111
	0,121
	0,167
	0,167
	0,190
	0,190
	0,333
	0,444

	40
	0,139
	0,152
	0,208
	0,208
	0,238
	0,238
	0,417
	0,556

	56
	0,194
	0,212
	0,292
	0,292
	0,333
	0,333
	0,583
	0,778

	72
	0,250
	0,273
	0,375
	0,375
	0,429
	0,429
	0,750
	1,000


Table A2. QPSK code rates for CQI-only (extended cyclic prefix, 1 RB)

	CQI size
(incl. CRC)
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	32
	0,133
	0,148
	0,222
	0,222
	0,267
	0,267
	0,667
	1,333

	40
	0,167
	0,185
	0,278
	0,278
	0,333
	0,333
	0,833
	1,667

	56
	0,233
	0,259
	0,389
	0,389
	0,467
	0,467
	1,167
	2,333

	72
	0,300
	0,333
	0,500
	0,500
	0,600
	0,600
	1,500
	3,000
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