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1 Introduction

In this contribution, we will share our views on the UL-grant control signaling design about CQI-only transmission for Rel-10. Considering the feedback enhancement in LTE-A, the current Rel-8 triggering mechanism might need to be extended to support CQI only transmission.
2 Discussion
According to the agreement of Rel-8, maximum 4PRBs can be allocated for CQI only information. Therefore, it should be investigated that whether the reserved resources are enough to support increased aperiodic CQI-only transmission in LTE-A due to the possible improved feedback from mode 3-2. 
In order to have a sufficient coverage of the CQI-only report, low code rates should be available. 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

In the tables, feedback mode 3-2 is assumed. If taking CRC into account, the resulting overall overhead is 124 bits (60+56+8) including:
CQI: (wideband (4bits) +subband (2bits)*13(Number of subbands assuming 20MHz))*2(TBs) =60bits
PMI: wideband (4bits)+subband(4bits)*13(Number of subbands assuming 20MHz)=56bits
CRC: 8bits
Table 1.Code rate for Normal CP

	CQI-only

Information bits including CRC
	Control signaling 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

	124
	0.11
	0.12
	0.16
	0.16
	0.184
	0.184
	0.323
	0.43


Table 2.Code rate for Extended CP

	CQI-only

Information bits including CRC
	Control signaling 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

	124
	0.13
	0.144
	0.215
	0.215
	0.258
	0.258
	0.646
	1.29


From the tables, it can be observed that in some cases, the code rate is higher than 1/3.

Based on the above analysis, we can see that for the increased UCI payload size of LTE-A, the Rel-8 control signaling triggering CQI-only report is too restrictive and can not guarantee the CQI coverage requirement. To resolve the resources limited problem, we proposed the following schemes:

Scheme
1:
The combination of “
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”, “IMCS=29” and “CQI-request=1” is used to triggering CQI-only transmission without UL-SCH. Here n denotes the maximum PRB number that can be configured for CQI-only transmission. Due to the enhanced CQI-only information overhead, n can be a value larger than 4.
· In case of SAP mode, only one TB is supported in format 0’.If the TB’s MCS is 29, together with “
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” and “CQI-request=1”,it indicates that the eNodeB requires CQI-only transmission without UL-SCH.
· In case of MAP mode, two TBs are supported in format 4. If both the two TBs’ MCS are equal to 29, combined with “
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” and “CQI-request=1”, it triggers CQI-only transmission without UL-SCH. The CQI is transmitted only on the first CW.
· The scenario that CQI may be sent on one CW while UL-SCH is sent on the other CW is discussed in a companion contribution [4].
Scheme
2: “IMCS=29”, “CQI-request=1” combined with toggled NDI; or “IMCS=0”, “CQI-request=1”together with not toggled NDI can jointly imply CQI-only transmission. Not toggled NDI can express retransmission or there is no new TB to be transmitted, the lowest MCS level IMCS=0 (QPSK and RV =0), which is rarely used for retransmission, can be jointly used to demonstrate that no UL-SCH transmission. On the other hand, “IMCS=29” is only valid for retransmission, but toggled NDI indicate initial transmission. Therefore, these two fields can also jointly indicate no UL-SCH transmission.
If “CQI-request=1” is further exploited on top of the above two conditions. It is very natural to be used as the indication of CQI-only triggering.
· In case of SAP mode, only one TB is supported in format 0’.If the TB’s MCS is 29 and NDI is toggled; or TB’s MCS is 0, NDI is not toggled ,combined with “CQI-request=1”,it indicates that the eNodeB requires CQI-only transmission.
· In case of MAP mode, two TBs are supported in format 4. If both the two TBs’ MCS are equal to 29, and NDIs are toggled; or both the two TBs’ MCS are equal to 0, and NDIs are not toggled, together with “CQI-request=1”, it triggers CQI-only transmission.
Considering the extension of CQI-only report, current Rel-8 signalling can not support it very well. Maximum 4 PRBs allocation might be a limitation for the future release. The proposed schemes allows for more flexibility in resource allocation for CQI-only report without introducing complexity. Both of the two schemes are compatible with Rel-8, but scheme 1 has less impact on the specification. Therefore, it is preferable to choose scheme 1.
3 Conclusions
According to the analysis above, we recommend to adopt the following scheme as the control signaling of CQI-only transmission triggering. 
· The combination of “
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”, “IMCS=29” and “CQI-request=1” is used to triggering CQI-only transmission without UL-SCH.
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