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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 are no discussions 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 PUCCH
Table 1 shows 15 possible combinations of different UCIs and SRS transmission and the corresponding transmission methods for each of them. Generally speaking, the design of simultaneous transmission of different UCIs and SRS shall be aligned with Rel-8 design as much as possible. Considering that the ACK/NAK and CQI payload sizes may be larger than that of Rel-8, the combinations among ACK/NAK, CQI, SRS and SR transmission may require new designs. 
Table 1: Transmission methods for different combinations of UCIs and SRS on PUCCH in LTE-A
	Conf #
	CQI
	A/N
	SR
	SRS
	Transmission methods

	1
	 
	 
	 
	√
	Follow Rel-8 design: 
· SRS is sent alone on the last SC-FDMA symbol of the second slot

	2
	 
	 
	√
	 
	Follow Rel-8 design: 
· SR is sent alone using PUCCH format 1 on SR resource via PCC 

	3
	 
	 
	√
	√
	Follow Rel-8 design: 

· If the parameter ackNackSRS-SimultaneousTransmission is True, shortened PUCCH format 1 is used to transmit SR, and SRS is transmitted
· If the parameter ackNackSRS-SimultaneousTransmission is False, normal PUCCH format 1 is used to transmit SR, and SRS is dropped

	4
	 
	√
	 
	 
	Follow Rel-10 conclusion:

· PUCCH format 1b with channel selection or DFT-S-OFDM is used to transmit ACK/NAK

	5
	 
	√
	 
	√
	For PUCCH format 1a/1b with/without channel selection, follow Rel-8 design:

· If the parameter ackNackSRS-SimultaneousTransmission is True, shortened PUCCH format 1a/1b is used to transmit ACK/NAK, and SRS is transmitted 
· If the parameter ackNackSRS-SimultaneousTransmission is False, normal PUCCH format is used to transmit ACK/NAK, and SRS is dropped

For DFT-S-OFDM:

· Alternative 1: 
· If the parameter ackNackSRS-SimultaneousTransmission is True, shortened DFT-S-OFDM shall be supported to transmit ACK/NAK, and SRS is transmitted
· If the parameter ackNackSRS-SimultaneousTransmission is False, normal DFT-S-OFDM is used to transmit ACK/NAK, and SRS is dropped

· Alternative 2: normal DFT-S-OFDM is used to transmit ACK/NAK, and SRS is always dropped, irrespective of the parameter ackNackSRS-SimultaneousTransmission
Considering that Alternative 2 may lead to inefficient uplink scheduling owing to less SRS transmission from UE, Alternative 1 is currently preferred.

	6
	 
	√
	√
	 
	For PUCCH format 1a/1b without channel selection, follow Rel-8 design:

· ACK/NAK is transmitted on SR resource
For PUCCH format 1a/1b with channel selection, follow Rel-8 TDD design:

· Number of ACKs is transmitted on SR resource

For DFT-S-OFDM:
· Alternative 1: follow Rel-8 TDD design, i.e. number of ACKs is transmitted on SR resource

· Alternative 2: joint coding of ACK/NAK and SR, with SR bit position fixed, i.e. either the first (or last) bit position
Considering that there may be more error cases with Alternative 1 for larger ACK/NAK payload size, our preference is Alternative 2. 

	7
	 
	√
	√
	√
	· If the parameter ackNackSRS-SimultaneousTransmission is True, shortened format is used to transmit ACK/NAK+SR following configurations 5 and 6, and SRS is transmitted.
· If the parameter ackNackSRS-SimultaneousTransmission is False, SRS is dropped, and ACK/NAK + SR follows configuration 6

	8
	√
	 
	 
	 
	· Alternative 1: PUCCH format 2 with each reporting instance for a single CC, i.e. different time resources for periodic CQI of different CCs
· Alternative 2: PUCCH format 2 or DFT-S-OFDM with each reporting instance for multiple CCs, i.e. periodic CQI of multiple CCs are fed back in a single UL sub-frame

While Alternative 1 is supported, Alternative 2 shall also be supported [6].

	9
	√
	 
	 
	√
	· Alternative 1: follow Rel-8 design, i.e. SRS is dropped
· Alternative 2: CQI is dropped
· Alternative 3: Higher layer (cell-specifically or UE-specifically) configures either SRS or CQI to be dropped. 
· Alternative 4: if shortened DFT-S-OFDM is supported, and if DFT-S-OFDM can be used for periodic CQI transmission, then CQI+SRS concurrent transmission is supported in one UL sub-frame.

Considering that TDM is the baseline feedback method for periodic CQI of different CCs, the collision probability of periodic CQI and SRS in one UL sub-frame is high. Dropping either SRS or CQI reduces the efficiency of UL or DL scheduling. Hence, Alternative 3 is preferable, which enables the eNB to balance the UL and DL scheduling efficiency. Furthermore, Alternative 4 shall be further considered.

	10
	√
	 
	√
	 
	Follow Rel-8 design:

· CQI is dropped for a positive SR

	11
	√
	 
	√
	√
	· CQI is dropped for a positive SR following configuration 10

· SR+SRS follows configuration 3.

	12
	√
	√
	 
	 
	· If the parameter simultaneousAckNackAndCQI is False, CQI is dropped.

· If the parameter simultaneousAckNackAndCQI is True,
· PUCCH format 2/2a/2b is used for CQI
· PUCCH format 1a/1b is used for ACK/NAK, follows Rel-8 TDD design, i.e.

· Normal CP: ACK/NAK is modulated on the second DM-RS of PUCCH format 2a/2b. 
· Extended CP: ACK/NAK and CQI are jointly coded and transmitted using PUCCH format 2. 
· PUCCH format 1a/1b with channel selection is used for ACK/NAK, follows Rel-8 TDD design, i.e.

· Normal CP: Number of ACKs is modulated on the second DM-RS of PUCCH format 2a/2b. 
· Extended CP: Number of ACKs and CQI are jointly coded and transmitted using PUCCH format 2. 
· DFT-S-OFDM is used for ACK/NAK, follows Rel-8 TDD design, i.e.

· Normal CP: Number of ACKs is modulated on the second DM-RS of PUCCH format 2a/2b. 
· Extended CP: Number of ACKs and CQI are jointly coded and transmitted using PUCCH format 2a/2b. 
· DFT-S-OFDM is used for CQI

· Alternative 1: follow Rel-8 design, i.e.

· Normal CP: Number of ACKs is modulated on the second DM-RS of DFT-S-OFDM. 
· Extended CP: Number of ACKs and CQI are jointly coded and transmitted using DFT-S-OFDM.
· Alternative 2: CQI+ACK/NAK joint coding
Considering that there may be more error cases with Alternative 1 for larger ACK/NAK payload size, our preference is Alternative 2.

	13
	√
	√
	 
	√
	CQI+SRS follows configuration 9

· If CQI is dropped according to configuration 9, ACK/NAK+SRS follows configuration 5
· If SRS is dropped according to configuration 9, ACK/NAK+CQI follows configuration 12

	14
	√
	√
	√
	 
	· CQI is dropped for a positive SR following configuration 10
· ACK/NAK+SR follows configuration 6

	15
	√
	√
	√
	√
	· CQI is dropped for a positive SR following configuration 10
· ACK/NAK+SR+SRS follows configuration 7


Based on the above analysis, we have the following proposals:
Proposal 1: For simultaneous transmission of SRS and ACK/NAK with DFT-S-OFDM, shortened DFT-S-OFDM shall be supported in LTE-A, with the detailed structure FFS.
Proposal 2: For simultaneous transmission of SR and ACK/NAK with DFT-S-OFDM, joint coding of SR and ACK/NAK shall be supported in LTE-A.
Proposal 3: For simultaneous transmission of SRS and CQI on PUCCH, higher layer (cell-specifically or UE-specifically) configures either SRS or CQI to be dropped in LTE-A.
Proposal 4: For simultaneous transmission of CQI and ACK/NAK with DFT-S-OFDM, joint coding of CQI and ACK/NAK shall be supported in LTE-A.
3. 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. 

4. 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 2 lists 8 possible combinations of different UCIs, SRS and data transmission and the corresponding transmission methods for each of them. It is noted that SR is sent as a MAC PDU, hence not included in Table 2.
Table 2: Transmission methods for different combinations of UCIs, SRS and data,
 with simultaneous transmission of PUCCH and PUSCH in LTE-A
	Conf #
	Data
	CQI
	A/N
	SRS
	Transmission methods

	1
	√
	 
	 
	 
	Follow Rel-8 design:

· Data is sent alone on PUSCH resources.

	2
	√
	 
	 
	√
	Follow Rel-8 design:

· Data is rate matched around SRS.

	3
	√
	 
	√
	 
	· Alternative 1: Follow Rel-8 design: i.e. ACK/NAK is punctured into data resources at locations around the DM-RS SC-FDMA symbols.
· Alternative 2: ACK/NAK is transmitted on PUCCH while data is transmitted on PUSCH
Alternative 2 is preferable due to less impact on PUSCH transmission and better ACK/NAK detection performance on PUCCH.

	4
	√
	 
	√
	√
	· If the parameter ackNackSRS-SimultaneousTransmission is True, ACK/NAK is transmitted on PUCCH using shortened format, and SRS is transmitted. Data is rate matched around SRS.
· If the parameter ackNackSRS-SimultaneousTransmission is False, there are two alternatives:

· Alternative 1: ACK/NAK is transmitted on PUCCH, and SRS on UL PCC is dropped. Data is rate matched around SRS.
· Alternative 2: ACK/NAK is transmitted on PUSCH, and SRS is transmitted. Data is rate-matched around SRS.
Alternative 2 is preferable due to less SRS dropping.

	5
	√
	√
	 
	 
	· Periodic CQI is transmitted on PUCCH.
· Aperiodic CQI can only be transmitted on PUSCH. Data is rate matched around aperiodic CQI.
For a single CC, aperiodic CQI has higher priority than periodic CQI, i.e. periodic CQI shall be dropped in case it collides with aperiodic CQI of the same CC in one UL sub-frame.

Periodic and aperiodic CQI corresponding to different CCs can be transmitted in the same UL sub-frame. Considering that resources of PUCCH format 2/2a/2b are semi-statically configured, periodic CQI can be transmitted on PUCCH and aperiodic CQI can be transmitted on PUSCH, in order to achieve better utilization of UL resources. Details of CQI feedback can be found in [6].

	6
	√
	√
	 
	√
	· Both periodic and aperiodic CQI shall be transmitted on PUSCH, and SRS is transmitted. Data is rate matched around CQI and SRS.

	7
	√
	√
	√
	 
	· ACK/NAK is transmitted on PUCCH.

· Both periodic and aperiodic CQI are transmitted on PUSCH.

	8
	√
	√
	√
	√
	· If the parameter ackNackSRS-SimultaneousTransmission is True, ACK/NAK is transmitted on PUCCH using shortened format, both periodic and aperiodic CQI are transmitted on PUSCH, and SRS is transmitted. Data is rate matched around CQI and SRS.
· If the parameter ackNackSRS-SimultaneousTransmission is False, all signals are transmitted on PUSCH, and SRS is transmitted. Data is rate matched around CQI and SRS.


Given the above discussions, we have the following proposals:
Proposal 5: Simultaneous transmission of ACK/NAK on PUCCH and data on PUSCH shall be supported in LTE-A.
Proposal 6: Simultaneous transmission of periodic CQI on PUCCH and aperiodic CQI (for other CCs) on PUSCH shall be supported in LTE-A. 
Proposal 7: Simultaneous transmission of ACK/NAK on PUCCH and CQI on PUSCH shall be supported in LTE-A.
5. Conclusions

In this contribution, we discuss the transmission methods for possible combinations of UCIs in LTE-A. We currently have the following proposals:
Proposal 1: For simultaneous transmission of SRS and ACK/NAK with DFT-S-OFDM, shortened DFT-S-OFDM shall be supported in LTE-A, with the detailed structure FFS.

Proposal 2: For simultaneous transmission of SR and ACK/NAK with DFT-S-OFDM, joint coding of SR and ACK/NAK shall be supported in LTE-A.
Proposal 3: For simultaneous transmission of SRS and CQI on PUCCH, higher layer (cell-specifically or UE-specifically) configures either SRS or CQI to be dropped in LTE-A.
Proposal 4: For simultaneous transmission of CQI and ACK/NAK with DFT-S-OFDM, joint coding of CQI and ACK/NAK shall be supported in LTE-A.
Proposal 5: Simultaneous transmission of ACK/NAK on PUCCH and data on PUSCH shall be supported in LTE-A.

Proposal 6: Simultaneous transmission of periodic CQI on PUCCH and aperiodic CQI (for other CCs) on PUSCH shall be supported in LTE-A. 
Proposal 7: Simultaneous transmission of ACK/NAK on PUCCH and CQI on PUSCH shall be supported in LTE-A.
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