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1. Introduction

In RAN1 #61bis, it was agreed that PUCCH format 1b with channel selection and DFT-S-OFDM are the ACK/NAK multiplexing schemes in LTE-A with carrier aggregation. However, there is no discussion on simultaneous transmissions of different UL signals, including ACK/NAK, CSI, SR and SRS. In this document, we share our views on the transmission methods for different UCIs as well as SRS on PUCCH and PUSCH. 
2. UCI transmission on PUSCH
When simultaneous transmission of PUCCH and PUSCH is not configured/supported for a Rel-10 UE, and there is at least one PUSCH transmission in the current UL sub-frame, all UCIs shall be transmitted on one selected PUSCH carrier using a predefined criterion [7]. In this case, all possible combinations of different UCIs, SRS and data transmission on PUSCH can follow the Rel-8 design directly. 

3. UCI transmission on PUCCH and PUSCH
When simultaneous transmission of PUCCH and PUSCH is configured/supported for a Rel-10 UE, and there is at least one PUSCH transmission in the current UL sub-frame, it may be preferable to transmit part of the UCIs on PUCCH and other UCIs on one selected PUSCH simultaneously. Table 1 lists the possible combinations of different UCIs, SRS and/or data and the corresponding transmission rules, when simultaneous PUCCH and PUSCH transmission is configured.
Table 1: Transmission rules for different combinations of UCIs, SRS, and data,
with simultaneous transmission of PUCCH and PUSCH in Rel-10
	Config
	CQI
	A/N
	SR
	SRS
	Data
	PUCCH + PUSCH enabled

	1
	√
	　
	　
	　
	　
	· CQI transmitted on PUCCH with PUCCH format 2

	2
	√
	　
	　
	　
	√
	· CQI transmitted on PUCCH
· data transmitted on PUSCH

	3
	　
	√
	　
	　
	　
	· ACK/NAK transmitted on PUCCH with
· PUCCH format 1a/1b, or
· PUCCH format 1b with channel selection, or
· PUCCH format 3
· if Simultaneous-AN-and-SRS = False
· ACK/NAK transmitted on PUCCH with normal format

· if Simultaneous-AN-and-SRS = True
· ACK/NAK transmitted on PUCCH with shortened format in SRS subframes

	4
	　
	√
	　
	　
	√
	· ACK/NAK transmitted on PUCCH, according to Config. 3
· data transmitted on PUSCH

	5
	　
	　
	√
	　
	　
	· SR transmitted on PUCCH with PUCCH format 1
· if Simultaneous-AN-and-SRS = False
· SR transmitted on PUCCH with normal format

· if Simultaneous-AN-and-SRS = Ture

· SR transmitted on PUCCH with shortened format in SRS subframes

	6
	　
	　
	√
	　
	√
	· SR transmitted as an MAC CE on PUSCH
· data transmitted on PUSCH

	7
	　
	　
	　
	√
	　
	· SRS transmitted on the last SC-FDMA symbol

	8
	　
	　
	　
	√
	√
	· SRS transmitted on the last SC-FDMA symbol
· data transmitted on PUSCH

	9
	√
	√
	　
	　
	　
	· if Simultaneous-AN-and-CQI = False
· CQI is dropped 

· ACK/NAK transmitted on PUCCH according to Config. 3

· if Simultaneous-AN-and-CQI = True
· if ACK/NAK transmission on PUCCH is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK + CQI are transmitted on PUCCH with PUCCH format 2/2a/2b following Rel-8 design
· if ACK/NAK transmission on PUCCH is based on PUCCH format 3
· ACK/NAK + CQI are transmitted on PUCCH with PUCCH format 3, with some form of ACK/NAK bundling if necessary

	10
	√
	√
	　
	　
	√
	· if Simultaneous-AN-and-CQI = False
· data + CQI transmitted on PUSCH 
· ACK/NAK transmitted on PUCCH according to Config. 3

· if Simultaneous-AN-and-CQI = True
· if ACK/NAK transmission on PUCCH is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK + CQI are transmitted on PUCCH with PUCCH format 2/2a/2b following Rel-8

· data transmitted on PUSCH
· if ACK/NAK transmission on PUCCH is based on PUCCH format 3
· ACK/NAK + CQI are transmitted on PUCCH with PUCCH format 3, with some form of ACK/NAK bundling if necessary
· data transmitted on PUSCH

	11
	√
	　
	√
	　
	　
	· CQI is dropped
· SR transmitted on PUCCH with PUCCH format 1 according to Config. 5

	12
	√
	　
	√
	　
	√
	· SR transmitted as an MAC CE on PUSCH
· data transmitted on PUSCH
· CQI transmitted on PUCCH

	13
	√
	　
	　
	√
	　
	· SRS transmitted on the last SC-FDMA symbol
· CQI transmitted on PUCCH 

	14
	√
	　
	　
	√
	√
	· SRS transmitted on the last SC-FDMA symbol
· CQI transmitted on PUCCH
· data transmitted on PUSCH

	15
	　
	√
	√
	　
	　
	· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the SR resource, following Rel-8 design

· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource

	16
	　
	√
	√
	　
	√
	· SR transmitted as an MAC CE on PUSCH
· data transmitted on PUSCH
· ACK/NAK transmitted on PUCCH
· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the ACK/NAK resource
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource

	17
	　
	√
	　
	√
	　
	· SRS transmitted on the last SC-FDMA symbol
· ACK/NAK transmitted on PUCCH according to Config. 3, i.e.
· if Simultaneous-AN-and-SRS = False
· ACK/NAK transmitted on PUCCH with normal format
· if Simultaneous-AN-and-SRS = True
· ACK/NAK transmitted on PUCCH with shortened format in SRS subframes

	18
	　
	√
	　
	√
	√
	· data transmitted on PUSCH
· SRS transmitted on the last SC-FDMA symbol
· ACK/NAK transmitted on PUCCH according to Config. 3, i.e.
· if Simultaneous-AN-and-SRS = False
· ACK/NAK transmitted on PUCCH with normal format
· if Simultaneous-AN-and-SRS = True
· ACK/NAK transmitted on PUCCH with shortened format in SRS subframes

	19
	　
	　
	√
	√
	　
	· if Simultaneous-AN-and-SRS = False
· SRS is dropped
· SR transmitted on PUCCH with normal format

· if Simultaneous-AN-and-SRS = True
· SRS transmitted on the last SC-FDMA symbol
· SR transmitted on PUCCH with shortened format in SRS subframes

	20
	　
	　
	√
	√
	√
	· SR transmitted as an MAC CE on PUSCH
· SRS transmitted on the last SC-FDMA symbol
· data transmitted on PUSCH

	21
	√
	√
	√
	　
	　
	· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the SR resource, following Rel-8 design

· CQI is dropped
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource
· CQI is dropped

	22
	√
	√
	√
	　
	√
	· SR transmitted as an MAC CE on PUSCH
· CQI + data on PUSCH
· ACK/NAK transmitted on PUCCH
· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the ACK/NAK resource
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource

	23
	√
	√
	　
	√
	　
	· SRS transmitted on the last SC-FDMA symbol
· ACK + CQI transmitted on PUCCH

· if Simultaneous-AN-and-SRS = False
· ACK/NAK + CQI according to Config. 9, with normal format

· if Simultaneous-AN-and-SRS = True
· ACK/NAK + CQI according to Config. 9, with shortened format in SRS subframes

	24
	√
	√
	　
	√
	√
	· SRS transmitted on the last SC-FDMA symbol
· data transmitted on PUSCH
· ACK + CQI transmitted on PUCCH

· if Simultaneous-AN-and-SRS = False
· ACK/NAK + CQI according to Config. 9, with normal format

· if Simultaneous-AN-and-SRS = True
· ACK/NAK + CQI according to Config. 9, with shortened format in SRS subframes

	25
	√
	　
	√
	√
	　
	· SRS transmitted on the last SC-FDMA symbol
· CQI is dropped
· if Simultaneous-AN-and-SRS = False
· SR transmitted on PUCCH with normal format
· if Simultaneous-AN-and-SRS = True
· SR transmitted on PUCCH with shortened format in SRS subframes

	26
	√
	　
	√
	√
	√
	· SR transmitted as an MAC CE on PUSCH
· CQI transmitted on PUCCH
· data transmitted on PUSCH 
· SRS transmitted on the last SC-FDMA symbol

	27
	　
	√
	√
	√
	　
	· SRS transmitted on the last SC-FDMA symbol
· if Simultaneous-AN-and-SRS = False
· ACK/NAK + SR transmitted on PUCCH according to Config. 15, with normal format
· if Simultaneous-AN-and-SRS = True
· ACK/NAK + SR transmitted on PUCCH according to Config. 15, with shortened format in SRS subframes

	28
	　
	√
	√
	√
	√
	· SRS transmitted on the last SC-FDMA symbol
· SR transmitted as an MAC CE on PUSCH
· data transmitted on PUSCH
· if Simultaneous-AN-and-SRS = False
· ACK/NAK transmitted on PUCCH with normal format
· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the ACK/NAK resource
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource
· if Simultaneous-AN-and-SRS = True
· ACK/NAK transmitted on PUCCH with shortened format in SRS subframes
· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the ACK/NAK resource
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource

	29
	√
	√
	√
	√
	　
	· SRS transmitted on the last SC-FDMA symbol
· CQI is dropped
· if Simultaneous-AN-and-SRS = False
· ACK/NAK + SR according to Config. 15, with normal format
· if Simultaneous-AN-and-SRS = True
· ACK/NAK + SR according to Config. 15, with shortened format in SRS subframes

	30
	√
	√
	√
	√
	√
	· SRS transmitted on the last SC-FDMA symbol
· CQI + data transmitted on PUSCH
· SR transmitted as an MAC CE on PUSCH
· if Simultaneous-AN-and-SRS = False
· ACK/NAK transmitted on PUCCH with normal format
· if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the ACK/NAK resource
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource
· if Simultaneous-AN-and-SRS = True
· ACK/NAK transmitted on PUCCH with shortened format in SRS subframes
·  if ACK/NAK transmission is based on PUCCH format 1a/1b or PUCCH format 1b with channel selection
· ACK/NAK transmitted on the ACK/NAK resource
· if ACK/NAK transmission is based on PUCCH format 3
· joint coding of ACK/NAK and SR, transmitted on PUCCH format 3 resource


4. Cell Selection for UCI transmission on PUSCH

For the possible UCI combinations with PUSCH transmission on at least one cell in Table 1, if the corresponding transmission rule specifies simultaneous PUCCH and PUSCH transmission, then PUCCH transmission occurs on PCell and any UCI carried on PUSCH is transmitted on one Cell. Proper cell selection is needed in case PUSCH is scheduled on multiple Cells. Table 2 lists the possible cases.

Table 2: PUSCH cell selection for UCI on PUSCH in Rel-10

	w/o aperiodic CQI triggering
	w PUSCH on PCell
	w/o PUCCH + PUSCH
	All UCI on PCell PUSCH

	
	
	w PUCCH 
+ PUSCH
	UCI on PUCCH according to Table 1
Other UCI (if any) on PCell PUSCH

	
	w/o PUSCH on PCell
	w/o PUCCH + PUSCH
	All UCI on SCell PUSCH 
with predefined SCell priority list

	
	
	w PUCCH 
+ PUSCH
	UCI on PUCCH according to Table 1
Other UCI (if any) on SCell PUSCH 
with predefined SCell priority list

	w aperiodic CQI triggering
	w or w/o PUSCH on PCell
	w/o PUCCH + PUSCH
	All UCI on the PUSCH cell carrying aperiodic CQI

	
	
	w PUCCH 
+ PUSCH
	UCI on PUCCH according to Table 1
Other UCI (if any) on PUSCH carrying aperiodic CQI


5. Conclusions

In this contribution, we discuss the transmission rules for possible combinations of UCIs on PUCCH/PUSCH in Rel-10, especially for the case of simultaneous PUCCH and PUSCH transmission. In addition, the cell selection for carrying UCI on PUSCH is also discussed. It is proposed that RAN1 discusses contents of Table 1 and Table 2 for agreements.
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