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1. Introduction 
It has been agreed for Rel-10 carrier aggregation that UL PCC is used for carrying PUCCH ACK/NACK, SRI and periodic CSI from a UE. And it has been further agreed as baseline:

· If PUCCH format 1a/1b is used for ACK/NACK, same as non-CA

· If PUCCH format 1b with channel selection is used for A/N, eNB chooses one of the following 2 options:

· if simultaneousAckNackAndCQI is false, drop the CQI and transmit only the ACK

· if simultaneousAckNackAndCQI is true, FFS (baseline is to drop CQI and only the ACK)

· If PUCCH format 3 is used for A/N
· if simultaneousAckNackAndCQI is false, drop the CQI and transmit only the ACK

· if simultaneousAckNackAndCQI is true, FFS (baseline is to drop CQI and only the ACK)
In the last meeting, it was agreed that for FDD with channel selection, in case of simultaneous HARQ-ACK and SRI transmission, spatially-bundled HARQ-ACK is transmitted on a single SRI resource. For TDD, a way forward proposed in [7] summarized the potential solution on simultaneous PUCCH HARQ-ACK and SR but no agreement yet.
This contribution will focus on the issue of multiplexing of periodic CSI/SR and ACK/NACK under the scenario of carrier aggregation.

2. ACK/NACK feedback based on PUCCH format 1b with channel selection 

In was proposed in several contributions [1-4] that in case of simultaneous transmission of ACK/NACK and periodic CSI on PUCCH format 2, parts of periodic CSI could be dropped if the total number of ACK/NACK and periodic CSI is larger than the maximum payload of PUCCH format 2 that can support, and the left information of CSI is multiplexed with ACK/NACK. Nevertheless, such proposal may lead to some error cases if all DL grant missed. If the situation that all DL grant missed occurs, UE actually transmits only periodic CSI with no ACK/NACK to eNB. But eNB will assume that the UE is transmitting part of periodic CSI and ACK/NACK, which will lead to mistake the periodic CSI as ACK/NACK feedback. Such misunderstanding will cause the probability of error detection of NACK to ACK increase and also affect the accuracy and integrity of CSI. Considering the typical scenario of 2 CCs aggregated, the probability of all DL grant missing could not be ignored.
Proposal:
For FDD, when simultaneousAckNackAndCQI is true, spatially-bundled HARQ-ACK is transmitted on PUCCH Format 2b. 

For TDD, when simultaneousAckNackAndCQI is true, 

· Two ACK/NACK bits of PCC with channel selection can be transmitted using the reference signal and two ACK/NACK bits of SCC can be encoded jointly with the CQI information bits in Normal CP, which are corresponding to last two bit sequences of (20,A). 

· Dropping CQI and only transmitting the ACK/NACK in Extended CP.
3. ACK/NACK feedback based on PUCCH format 3
If ACK/NACK and periodic CSI coincide in the same subframe, and the parameter of simultaneousAckNackAndCQI is TRUE, ACK/NACK and periodic CSI can be transmitted on PUCCH format 3 because of better link level performance and larger payload that can be supported in case of dual RM encoder is used

Since it was agreed that dual RM encoder is adopted for ACK/NACK payload larger than 11 for TDD. So it is suggested that such scheme can also be used for simultaneous transmission of ACK/NACK and periodic CSI, at least for TDD. In the following, we compare the performance of single RM and dual RM under the same feedback payload. The simulation results are showed in Table 1 and Table 2 for different channel.
In case of dual RM transmission, the ACK/NACK bits and periodic CSI bits are concatenated as the input to dual RM encoder. The following process is the same as described in [6].

Table 1: Required SNR to satisfy ACK/NACK BER<=0.001 and CSI BLER<=0.01 in ETU5-5MHz

	
	Single RM with spatial bundling（4ACK/NACK）
	Dual RM with spatial bundling（4ACK/NACK）
	Dual RM no spatial bundling（8ACK/NACK）

	CSI(bits)
	BER
	BLER
	SNR*
	BER
	BLER
	SNR*
	BER
	BLER
	SNR*

	4
	-2.98
	-4.89
	-2.98
	-2
	-4.57
	-2
	-1.27
	-4.46
	-1.27

	7
	-1.44
	-3.54
	-1.44
	-1.56
	-3.17
	-1.56
	-0.27
	-1.86
	-0.27

	11
	
	
	
	-0.56
	-1.38
	-0.56
	1.06
	-0.42
	1.06


Table 2: Required SNR to satisfy ACK/NACK BER<=0.001 and CSI BLER<=0.01 in EPA5-10MHz

	
	Single RM with spatial bundling (4ACK/NACK)
	Dual RM with spatial bundling (4ACK/NACK)
	Dual RM no spatial bundling (8ACK/NACK)

	CSI(bits)
	BER
	BLER
	SNR*
	BER
	BLER
	SNR*
	BER
	BLER
	SNR*

	4
	-3.56
	-5.67
	-3.56
	-3.3
	-5.44
	-3.3
	-2.42
	-3.39
	-2.42

	7
	-2.44
	-4.46
	-2.44
	-2.49
	-4.14
	-2.49
	-1.14
	-3.06
	-1.14

	11
	
	
	
	-1.65
	-2.60
	-1.65
	-0.14
	-1.76
	-0.14


*: Required SNR to satisfy the target BER of ACK/NACK and BLER of CSI simultaneously

From the simulation results we can conclude that when satisfying the BER of ACK/NACK around 0.001 and the BLER of CSI around 0.01, the difference of required SNR between dual RM and single RM is about 1dB for ETU and no more than 0.3dB for EPA, which may be acceptable. But the payload of PUCCH format 3 with dual RM could be increased to 22 bits, which is more suitable for simultaneous transmission of larger ACK/NACK and periodic CSI either without ACK/NACK bundling or CSI dropping. 

From the simulation results we can also find that the link level performance loss without ACK/NACK spatial bundling is more than 1dB in most of the cases we simulated, while from our pervious system level simulation, the performance loss caused by spatial bundling is negligible [6]. So it is proposed that when ACK/NACK and periodic CSI are transmitted simultaneously, spatial bundling for ACK/NACK is always enabled.
For the maximum periodic CSI payload, i.e. 11bits, combined with 4 ACK/NACK bits, if single RM encoder is used, parts of CSI may be dropped to make sure the maximum payload is not exceed 11bits (the maximum input bits for single RM). But for dual RM, no CSI dropping is needed. By comparing the performance of {4 bits ACK/NACK + 7 bits CSI} using single RM and {4 bits ACK/NACK + 11 bits CSI} using dual RM, the performance difference is also no more than 1dB, which also sounds reasonable.
Therefore, for FDD, we think using PUCCH format 3 with dual RM is a promising method to support simultaneous transmission of ACK/NACK and periodic CSI when simultaneousAckNackAndCQI is true.

For TDD, when simultaneousAckNackAndCQI is true, if the maximum payload after Spatial bundling is not exceed 11bits,  PUCCH format 3 with dual RM is also a promising method to support simultaneous transmission of ACK/NACK and periodic CSI, or else dropping CQI and only transmitting the ACK/NACK 
Proposal:

For FDD, PUCCH format 3 with dual RM is adopted to support simultaneous transmission of ACK/NACK and periodic when simultaneousAckNackAndCQI is true.
For TDD, when simultaneousAckNackAndCQI is true, if the maximum payload after Spatial bundling is not exceed 11bits,  PUCCH format 3 with dual RM is also a promising method to support simultaneous transmission of ACK/NACK and periodic CSI, or else dropping CQI and only transmitting the ACK/NACK.

Spatial bundling is always enabled for simultaneous UCI transmission. 
4. Handling SR and ACK/NACK for channel selection mode b
In the last meeting, four options were proposed on handling simultaneous ACK/NACK and SR for channel selection mode b[7]. Option 1 was re-use the Rel-8 scheme for HARQ-ACK + SR transmission. Option 2 was allocate 4 SR resources (use these resources in sub-frames the UE is configured SR transmission–similar to Rel.8 FDD). Option 3 was dropping HARQ-ACK information for Scell in case of a positive SR, that is only the 2 bits of Pcell are reported in SR resource Option 4 was phase reverse the HARQ-ACK transmission in the second slot in case of a positive SR.
The disadvantage of option 1 is the DL throughput lost when simultaneous ACK/NACK and SR transmission, especially for cross carrier scheduling. The disadvantage of option 2 is the overhead will be increased significant for the reason that the probability of simultaneous ACK/NACK and SR is small but much more SR resources shall be reserved. The disadvantage of option 4 is degradation in ACK/NACK detection reliability in each sub-frames the UE is configured SR transmission. So we currently prefer option 3 for simple operation and acceptable DL throughout lost.
Proposal:

Drop HARQ-ACK information for Scell in case of a positive SR, that is only the 2 bits of Pcell are reported in SR resource when simultaneous ACK/NACK and SR for channel selection mode b.

5. Conclusions 

Considering the multiplexing of ACK/NACK and periodic CSI/SR in the scenario of carrier aggregation in Rel-10, the following are proposed: 
For channel selection mode b, dropping HARQ-ACK information for Scell in case of a positive SR, that is only the 2 bits of Pcell are reported in SR resource when simultaneous ACK/NACK and SR.
If simultaneousAckNackAndCQI is TRUE:
· When ACK/NACK is configured transmitted on PUCCH format 1b with channel selection, 
· For FDD, spatially-bundled HARQ-ACK is transmitted on PUCCH Format 2b. 

· For TDD, 

· Two ACK/NACK bits of PCC with channel selection can be transmitted using the reference signal and two ACK/NACK bits of SCC can be encoded jointly with the CQI information bits in Normal CP, which are corresponding to last two bit sequences of (20,A). 

· Dropping CQI and only transmitting the ACK/NACK in Extended CP.
· When ACK/NACK is configured transmitted on PUCCH Format 3,
· For FDD, PUCCH format 3 with dual RM is adopted to support simultaneous transmission of ACK/NACK and periodic.

· For TDD, if the maximum payload after Spatial bundling is not exceed 11bits,  PUCCH format 3 with dual RM is also a promising method to support simultaneous transmission of ACK/NACK and periodic CSI, or else dropping CQI and only transmitting the ACK/NACK.

· Spatial bundling is always enabled for simultaneous UCI transmission. 
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Table 3: Link level simulation assumptions
	Parameters
	Assumptions

	carrier frequency
	2.0 GHz

	channel model
	ETU5, 5MHz,EPA5, 10 MHz

	frequency hopping
	at slot boundary

	antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	channel estimation
	Practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
	DTX detection is not applied

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	ACK/NACK coding scheme
	Dual RM: RM (32,O) with truncation into 24 coded bits

Single RM: RM(32,O) with rate matching to 48 coded bits.

	The number of ACK/NACK
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	The number of periodic CSI
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