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1. Introduction

In the last few meetings, most of the details regarding ACK/NACK (A/N) PUCCH transmissions for carrier aggregation (CA) were agreed upon. The uplink control information (UCI) on the PUSCH and simultaneous transmission of the PUCCH and PUSCH were also discussed and many agreements were reached. According to these agreements, the combinations of various UCI were studied [1] - [6] and companies were encouraged to investigate the combinations of various UCI, i.e., A/N, CQI, scheduling request (SR), and sounding reference signal (SRS). In this contribution, we describe our views on the design criteria for the combinations of various UCI and present a summary.
2. Design Criteria for UCI Combinations
Combination of uplink signaling can be considered based on CQI, A/N, SR, SRS, and data. In this contribution, we consider the following two design criteria to be given priority when designing the combination of uplink signaling.
· Dropping CQI when periodic CQI is to be transmitted with multiple A/N bits for CA on the PUCCH
In Rel-8, two types of reporting mechanisms are defined to support a combination of A/N and periodic CQI on the PUCCH transmission. One is to drop periodic CQI and transmit only A/N when “simultaneous-ACK-and-CQI” is not configured while the other is to send both periodic CQI and A/N using PUCCH format 2a/2b when “simultaneous-ACK-and-CQI” is configured. In Rel-10, this mechanism, i.e., a higher layer configuration of simultaneous A/N and CQI, may be applied. Regarding the issue, the following agreement was reached at the last meeting.

· In case of collision between multi-CC A/N and periodic CSI on PUCCH:

· If the parameter simultaneousAckNackAndCQI is FALSE, CSI is dropped.

· If the parameter simultaneousAckNackAndCQI is TRUE, 
· Baseline is that CSI is dropped.

· Study further until RAN1#64 and revisit if a significant problem is identified and complete solution (e.g. based on PUCCH format 2b with bundling or format 3) is available. 

The necessity of a new PUCCH format or a mechanism is left as the remaining issue when “simultaneous-ACK-and-CQI” is configured. However, our preference is to keep the baseline, i.e., to drop periodic CQI always regardless of the higher layer configuration of “simultaneous-ACK-and-CQI” prioritizing to keep the A/N quality. The specification of a new format or a new mechanism to send both A/N and CQI for CA can be an open issue toward later releases.
· Same UCI on the PUCCH irrespective of the presence of the PUSCH (if simultaneous-PUCCH-and-PUSCH is configured)
One issue concerning the simultaneous transmission of the PUCCH and PUSCH was raised during discussion [7]. When the UL grant is incorrectly detected due to false detection or when the DL assignment / UL grant is missed, there is ambiguity regarding the UCI on the PUCCH or PUSCH if UCI on the PUCCH is different according to the presence of the PUSCH. Hence, eNB needs to have multiple hypotheses, i.e., PUCCH only and PUCCH + PUSCH with/without UCI assuming the cases of miss and false detection of the PDCCH at a UE. Although it was also pointed out that this ambiguity can be avoided through DTX detection on the PUCCH and PUSCH, an increase in complexity and a loss in the performance are concerns. Therefore, to avoid the ambiguity of the UCI, the UCI on the PUCCH should basically be the same regardless of the presence of the PUSCH. We note that, in this case, A/N and periodic CQI are not piggybacked on PUSCH in any case if simultaneous-PUCCH-and-PUSCH is configured.
Another issue to be addressed is handling of the SR when applying simultaneous transmission of the PUCCH and PUSCH. The SR is not necessarily sent on the PUCCH when PUSCH is simultaneously transmitted. Thus, the following two alternatives can be considered for the PUCCH transmission schemes in the subframes in which the SR is configured.

Alt. 1: Apply the same PUCCH transmission scheme irrespective of the presence of the PUSCH
· Alt. 1 gives priority to full decoupling of the PUCCH and PUSCH functionalities. In this alternative, one PUCCH transmission scheme for the subframe where the SR is configured is always applied regardless of the presence of the PUSCH. For example, in PUCCH format 3, an additional one bit for the SR is always added to PUCCH in such a subframe. When the PUSCH is simultaneously transmitted, a negative SR is assumed in the PUCCH if the buffer status report is transmitted on the PUSCH. 
Alt. 2: Apply PUCCH transmission scheme following the subframe in which the SR is not configured
· In Alt. 2, a UE ignores the SR configuration when the PUSCH is simultaneously transmitted. The PUCCH transmission scheme remains the same irrespective of the presence of the SR when the PUSCH is simultaneously transmitted. However, the PUCCH transmission scheme becomes different depending on the presence of the PUSCH. For example, in PUCCH format 3, an additional one-bit for the SR is not applied to the PUCCH and the buffer status report is transmitted on the PUSCH when the PUSCH is simultaneously transmitted. By applying Alt. 2, transmission efficiency may be slightly improved, but a way to handle the ambiguity is needed such as DTX detection of the PUSCH.
Between the two alternatives, we have a higher preference for Alt. 1 because it gives priority to full decoupling of the PUCCH and PUSCH functionalities.
In addition to the above design criteria, we apply the rules below.
· For a non-CA case, the Rel-8/9 mechanism is utilized for UCI on the PUCCH.
· For the case of A/N or CQI alone and when simultaneous-PUCCH-and-PUSCH is configured, A/N or CQI is transmitted on the PUCCH and data are transmitted on the PUSCH without the UCI according to the agreement at the RAN1#62bis meeting.
Taking into account the above aspects, our preferred combination of UCI is summarized in Table I. Here, when the PUSCH is transmitted, i.e., data, only the case that simultaneous-PUCCH-and-PUSCH is configured is shown in the table. When simultaneous-PUCCH-and-PUSCH is not configured, all UCI is piggybacked on the PUSCH as in Rel-8/9.
Table I – Combinations of UCI in Rel-10.

(Configs. 16-30 are applied only when simultaneous-PUCCH-and-PUSCH is configured)

	Config
	CQI
	A/N
	SR
	SRS
	Data
	Comments

	1
	x
	
	
	
	
	· CQI on PUCCH format 2

	2
	
	x
	
	
	
	Non-CA (same as in Rel-8)
· PUCCH format 1a/1b

CA
•If PUCCH format 3 is not configured (<= 4 bits)
· PUCCH format 1b with channel selection

•If PUCCH format 3 is configured

· PCell only: PUCCH format 1a/1b
· Otherwise: PUCCH format 3

	3
	
	
	x
	
	
	PUCCH resource for SR

	4
	
	
	
	x
	
	SRS is transmitted on the last SC-FDMA symbol

	5
	x
	x
	
	
	
	Non-CA (same as in Rel-8)
· If simultaneous-ACK-and-CQI: False

· Drop CQI 
· If simultaneous-ACK-and-CQI: True

· A/N and CQI on PUCCH format 2a/2b 

CA

· Drop CQI and apply config. 2

	6
	x
	
	x
	
	
	· Drop CQI and SR on PUCCH

	7
	x
	
	
	x
	
	· Drop SRS and CQI on PUCCH

	8
	
	x
	x
	
	
	Non-CA (same as in Rel-8)
· Positive SR: A/N on SR resource using format 1a/1b

· Negative SR: PUCCH format 1a/1b on A/N resource

CA

· If PUCCH format 3 is not configured (<= 4 bits)
· Positive SR: A/N on SR resource using format 1b with spatial bundling

· Negative SR: PUCCH format 1b with channel selection on A/N resource

· If PUCCH format 3 is configured
· PCell only: 

· Positive SR: A/N on SR resource using format 1a/1b

· Negative SR: PUCCH format 1a/1b on A/N resource
· Otherwise: PUCCH format 3 with joint coding of A/N and SR

	9
	
	x
	
	x
	
	· If simultaneous-AN-and-SRS: False
· Drop SRS and apply config. 2
· If simultaneous-AN-and-SRS: True

· SRS and A/N using shortened PUCCH format following config. 2

	10
	
	
	x
	x
	
	· If Simultaneous-AN-and-SRS: False
· Drop SRS 
· If Simultaneous-AN-and-SRS: True

· SRS and SR using shortened PUCCH format 1

	11
	x
	x
	x
	
	
	· Drop CQI and apply config. 8 (A/N + SR)

	12
	x
	x
	
	x
	
	Non-CA (same as in Rel-8)
· If Simultaneous-AN-and-CQI: False

· Drop CQI and apply config. 9 (A/N + SRS)
· If Simultaneous-AN-and-CQI: True

· Drop SRS and A/N and CQI on PUCCH format 2a/2b

 CA

· Drop CQI and apply config. 9 (A/N + SRS) 

	13
	x
	
	x
	x
	
	· Drop CQI and apply config. 10 (SR + SRS)

	14
	
	x
	x
	x
	
	· If Simultaneous-AN-and-SRS: False
· Drop SRS and apply config. 8 (A/N + SR)
· If Simultaneous-AN-and-SRS: True 

· SRS and A/N + SR using shortened PUCCH format following config. 8 (A/N + SR)

	15
	x
	x
	x
	x
	
	· Drop CQI and apply config. 14

	16
	x
	
	
	
	x
	· CQI on PUCCH (same as config. 1)
· Data on PUSCH

	17
	
	x
	
	
	x
	· A/N on PUCCH (same as config. 2)
· Data on PUSCH

	18
	
	
	x
	
	x
	· Data and SR (as a MAC CE) on PUSCH 

	19
	
	
	
	x
	x
	· SRS is transmitted on the last SC-FDMA symbol

· Data on PUSCH puncturing the last SC-FDMA symbol 

	20
	x
	x
	
	
	x
	· Apply config. 5

· Data on PUSCH

	21
	x
	
	x
	
	x
	Alt. 1

· Apply config. 6 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH
Alt. 2

· Apply config. 16
· Data and SR (as a MAC CE) on PUSCH 

	22
	x
	
	
	x
	x
	· Apply config. 7
· Data on PUSCH

	23
	
	x
	x
	
	x
	Alt. 1

· Apply config. 8 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH

Alt. 2

· Apply config. 17
· Data and SR (as a MAC CE) on PUSCH

	24
	
	x
	
	x
	x
	· Apply config. 9
· Data on PUSCH

	25
	
	
	x
	x
	x
	Alt. 1

· Apply config. 10 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH

Alt. 2
· Apply config. 19
· Data and SR (as a MAC CE) on PUSCH

	26
	x
	x
	x
	
	x
	Alt. 1

· Apply config. 11 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH

Alt. 2

· Apply config. 20
· Data and SR (as a MAC CE) on PUSCH

	27
	x
	x
	
	x
	x
	· Apply config. 12

· Data on PUSCH

	28
	x
	
	x
	x
	x
	Alt. 1

· Apply config. 13 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH

Alt. 2
· Apply config. 22
· Data and SR (as a MAC CE) on PUSCH

	29
	
	x
	x
	x
	x
	Alt. 1

· Apply config. 14 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH

Alt. 2

· Apply config. 24

· Data and SR (as a MAC CE) on PUSCH

	30
	x
	x
	x
	x
	x
	Alt. 1

· Apply config. 15 (a negative SR is assumed if buffer status report is transmitted on PUSCH)
· Data and SR (as a MAC CE) on PUSCH

Alt. 2
· Apply config. 27
· Data and SR (as a MAC CE) on PUSCH


3. Conclusion

This contribution presented our views on the combination of UCI for Rel-10. When summarizing the combinations, we give priority to the following design criteria.
· Dropping CQI when periodic CQI is to be transmitted with multiple A/N bits for CA on the PUCCH
· Same UCI on PUCCH irrespective of the presence of PUSCH (if simultaneous-PUCCH-and-PUSCH is configured). 
Based on these design criteria, our preferred combination of UCIs is summarized in Table I (Alt. 1 has higher preference).
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