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1 Introduction
In RAN1 #67 meeting, whether to support simultaneous transmission of periodic CSI (P-CSI) and HARQ-ACK in a subframe has been discussed. No conclusion was made except agreed for further evaluation of CSI dropping. Some simulation parameters were proposed in [1] and companies are encouraged to show the simulation results. In this contribution, we provide more simulation results considering CSI dropping to show the need to support simultaneous transmission of P-CSI and HARQ-ACK in a subframe and then discuss how to support simultaneous transmission of HARQ-ACK and P-CSI in a subframe.
2 Simulation results of CSI dropping
In RAN1 #67 meeting, we had provided the simulation results of CSI dropping for different carrier aggregation scenarios based on the actual scheduling [2]. As mentioned in [3], the probability of CSI dropping for a UE is the same as the probability of that UE needs to feedback HARQ-ACK for more than one carrier, i.e., the probability of UE being CA scheduled. However, the probability of UE being CA scheduled depends on the scheduling strategy, CSI feedback type, system bandwidth, and so on. Therefore the effect of CSI dropping may be different with different simulation assumptions. For a fair comparison, we provide the simulation results by setting different CSI dropping rates in this contribution.
Downlink system performance with different CSI dropping rates (as the result of collision with HARQ-ACK) is evaluated. Simulation results of spectral efficiency and relative performance loss of CSI dropping are listed in Table 1 to 4. The corresponding simulation assumptions are shown in Appendix-1.
Table 1 Spectral efficiency (bps/Hz) results on CSI dropping, 5 ms periodicity, 2 CC
	Drop rate
	Cell average
	Loss (%)
	Cell edge
	Loss (%)

	0
	1.9407
	0
	0.0746
	0

	0.3
	1.9014
	2.03
	0.0711
	4.69

	0.5
	1.8761
	3.33
	0.0679
	8.98

	0.7
	1.8413
	5.12
	0.0621
	16.76

	0.9
	1.7868
	7.93
	0.0573
	23.19


Table 2 Spectral efficiency (bps/Hz) results on CSI dropping, 10 ms periodicity, 2 CC
	Drop rate
	Cell average
	Loss (%)
	Cell edge
	Loss (%)

	0
	1.8911
	0
	0.0714
	0

	0.3
	1.8700
	1.12
	0.0652
	8.68

	0.5
	1.8368
	2.87
	0.0609
	14.71

	0.7
	1.8126
	4.15
	0.0602
	15.69

	0.9
	1.7287
	8.59
	0.0529
	25.91


Table 3 Spectral efficiency (bps/Hz) results on CSI dropping, 5 ms periodicity, 4 CC
	Drop rate
	Cell average
	Loss (%)
	Cell edge
	Loss (%)

	0
	1.9536
	0
	0.0744
	0

	0.3
	1.9115
	2.15
	0.0715
	3.90

	0.5
	1.8759
	3.98
	0.0675
	9.27

	0.7
	1.8488
	5.36
	0.0662
	11.02

	0.9
	1.8361
	6.01
	0.0608
	18.28


Table 4 Spectral efficiency (bps/Hz) results on CSI dropping, 10 ms periodicity, 4 CC
	Drop rate
	Cell average
	Loss (%)
	Cell edge
	Loss (%)

	0
	1.9078
	0
	0.0733
	0

	0.3
	1.8597
	2.52
	0.0687
	6.28

	0.5
	1.8402
	3.54
	0.0674
	8.05

	0.7
	1.8227
	4.46
	0.0632
	13.78

	0.9
	1.8067
	5.30
	0.0583
	20.46


From the above simulation results, we can find that, the performance loss due to CSI dropping cannot be neglected for high dropping rate. Therefore, we think simultaneous transmission of periodic CSI and HARQ-ACK in a subframe should be supported as an enhancement for uplink signalling for Rel-11.

3 Simultaneous transmission of HARQ-ACK + P-CSI
If simultaneous transmission of HARQ-ACK and P-CSI in a subframe is supported, using PUCCH format 3 seems to be a straight forward choice. Since PUCCH format 3 is already specified in Rel-10, there is no need to define a new PUCCH format. Considering a dual (32, 11) RM coding for a total of 22 payload bits, we propose to use PUCCH format 3 to support the simultaneous reporting of periodic CSI corresponding to one serving cell and A/N bits (possibly along with SR). 
One open issue for using PUCCH format 3 to support simultaneous transmission of HARQ-ACK and P-CSI is the channel coding scheme. Several alternatives for channel coding of HARQ-ACK and P-CSI have been proposed:

· Alt #1: Joint coding;

· Alt #2: Separate coding using dual RM code, one for periodic CSI and the other for HARQ-ACK [5];

· Alt #3: Separate coding using dual RM code together with rate matching [4].
In this section, we compare the link level performance of the three alternatives for different payload size of HARQ-ACK and P-CSI. The simulation results are listed in Table 5 for normal CP frame structure and the corresponding simulation parameters are provided in Appendix-2. More results for extended CP can be found in the Appendix-3.
Table 5 Required SINR (dB) to satisfy BER <= 0.001 (HARQ-ACK) and BLER <= 0.01 (CSI)
	(ACK Num, CSI Num)
	Alt #1
	Alt #2
	Alt #3

	(4,4)
	-2.7(A)
	-2.8(A)
	-3.0(6) 


	(4,7)
	-1.7(A)
	-2.8(A)
	-2.8(0)

	(4,11)
	-0.2(A)
	-0.6(C)
	-1.6(-4)

	(6,4)
	-2.2(A)
	-1.5(A)
	-2.5(8)

	(6,7)
	-1.4(A)
	-1.5(A)
	-2.1(4)

	(6,11)
	0.0(A)
	-0.6(C)
	-1.1(-2)

	(8,4)
	-1.7(A)
	-0.4(A)
	-1.4(10)

	(8,7)
	-0.4(A)
	-0.4(A)
	-1.4(6)

	(8,11)
	0.0(A)
	-0.4(A)
	-0.4(0)

	(10,4)
	-0.9(A)
	0.8(A)
	-0.6(10)

	(10,7)
	0.0(A)
	0.8(A)
	-0.2(8)

	(10,11)
	0.8(A)
	0.8(A)
	0.3(2)


It is observed that the performance difference among three alternatives is marginal due to relative small payload size and limited code length of RM code. For some cases, Alternative #3 may have some marginal performance gain over Alternative #1 and #2. For most HARQ-ACK and CSI payload combinations listed in Table 5, the performance gain is about 0.5 dB or less. Note that the performance of Alternative #3 obtained in Table 5 is with one set of offset values. Due to the extensive large number of combinations of HARQ-ACK and CSI payload, many efforts are expected to calibrate the optimal offset values in Alternative #3 considering different simulation assumptions (e.g. channel model, system bandwidth, UE speed, UE receiver type and etc.). We think the marginal performance gain of Alt#3 does not justify the potential huge specification effort.
To simplify the specification effort, either Alt#1 or Alt#2 could be considered. From Table 5, we observe that, using a single channel coding scheme may not achieve the best performance. That is, in some payload combinations, separate coding works better than joint coding, while worse for other combinations.  In general, we observe that the performance of separate coding is better than joint coding in case the number of HARQ-ACK bit is smaller than CSI (with yellow background); and is worse for the contrary (with green background). So we propose a hybrid coding scheme as following to obtain a good balance between performance and specification effort.
· If the number of HARQ-ACK bit is smaller than that of P-CSI, using separate coding; otherwise, using joint coding.
4 Further considerations
There are other remaining issues need to be considered if PUCCH format 3 is agreed to support simultaneous transmission of P-CSI and HARQ-ACK. Considering the limited capacity of PUCCH format 3, we suggest that only one P-CSI report with highest priority and multiple HARQ-ACK can be transmitted, all other P-CSI reports if exist will be dropped. The P-CSI report priority defined in Rel-10 can be reused. Since the maximum number of HARQ-ACK bit for FDD is 10 for 5 aggregated serving cells and maximum 11 bits for P-CSI, PUCCH format 3 is capable to transmit all the HARQ-ACK bits and P-CSI together with 1bit SR. For TDD, if the total number of bits for HARQ-ACK and P-CSI to be transmit is larger than 22, the impact of CSI dropping and HARQ-ACK bundling should be evaluated before a conclusion to be made.
For the resource used for simultaneous transmission of P-CSI and HARQ-ACK, the proposals are listed in Table 6.
Table 6 Resource used for simultaneous transmission of P-CSI and HARQ-ACK
	
	Format used for HARQ-ACK transmission

	Format used for P-CSI transmission
	PUCCH Format 1a/1b
	PUCCH Format 1b with channel selection
	PUCCH Format 3

	PUCCH Format 2
	PUCCH format 2
	PUCCH format 2 is used if spatial bundling for FDD is applied; otherwise, simultaneous transmission is not supported.
	HARQ-ACK PUCCH Format 3

	PUCCH Format 3
	P-CSI PUCCH format 3
	P-CSI PUCCH format 3
	HARQ-ACK PUCCH Format 3

	PUSCH
	PUSCH
	PUSCH
	HARQ-ACK PUCCH Format 3


5 Conclusion
In this contribution, we discuss some issues related to simultaneous transmission of periodic CSI report and HARQ-ACK in a subframe. In summary, we propose:
· Simultaneous transmission of periodic CSI report corresponding to one serving cell and HARQ-ACK in a subframe shall be supported.
· Using PUCCH format 3 with hybrid coding to support simultaneous transmission of periodic CSI report and HARQ-ACK, i.e. if the number of HARQ-ACK bit is smaller than that of P-CSI, using separate coding; otherwise, using joint coding.
· The resource used for simultaneous transmission of P-CSI and HARQ-ACK as in the following table
	
	Format used for HARQ-ACK transmission

	Format used for P-CSI transmission
	PUCCH Format 1a/1b
	PUCCH Format 1b with channel selection
	PUCCH Format 3

	PUCCH Format 2
	PUCCH format 2
	PUCCH format 2 is used if spatial bundling for FDD is applied; otherwise, simultaneous transmission is not supported.
	HARQ-ACK PUCCH Format 3

	PUCCH Format 3
	P-CSI PUCCH format 3
	P-CSI PUCCH format 3
	HARQ-ACK PUCCH Format 3

	PUSCH
	PUSCH
	PUSCH
	HARQ-ACK PUCCH Format 3
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Appendix-1
Table A.1 Simulation assumptions for system level simulation

	Parameters
	Assumptions

	Simulated TTI per Drop
	10000

	Carrier aggregation configuration
	2 or 4 CC

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz/CC

	UE Speed
	30 km/h

	UE number per Cell
	10

	Channel model
	3GPP Case 1 with 500m ISD

	Traffic model
	Full buffer

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB
Receiver: 2Rx cross-polarized antenna at UE
SU-MIMO

	Link adaptation
	With rank adaptation, AMC, 8 HARQ process with maximum 4 re-transmissions

	Delay for scheduling and AMC
	7 ms

	CSI periodicity 
	5 or 10 ms

	CSI feedback mode
	PUCCH mode 1-1

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR


Appendix-2
Table A.2 Simulation assumptions for link level simulation
	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System BW
	5 MHz

	Channel model
	EPA

	Velocity
	3 km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx

	Channel estimation
	Practical

	CP type
	Normal CP

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Number of HARQ-ACK bit
	4, 6, 8, 10

	Number of CSI bit
	4, 7, 11

	Channel coding
	Dual RM: for separate  coding and joint coding with payload larger than 11
Single RM: for joint coding with payload no more than 11


Appendix-3

Table A.3 Required SINR (dB) to satisfy BER <= 0.001 (HARQ-ACK) and BLER <= 0.01 (CSI) for extended CP
	(ACK Num, CSI Num)
	Alt #1
	Alt #2
	Alt #3

	(4,4)
	-1.3(A)
	-1.4(A)
	-1.8(6)

	(4,7)
	-0.2(A)
	-1.4(A)
	-1.4(0)

	(4,11)
	0.1(A)
	0.4(C)
	-0.4(-4)

	(6,4)
	-0.7(A)
	-0.5(A)
	-1.1(8)

	(6,7)
	-0.5(A)
	-0.5(A)
	-0.9(4)

	(6,11)
	0.9(A)
	0.5(C)
	0(-2)

	(8,4)
	-0.5(A)
	0.8(A)
	-0.2(10)

	(8,7)
	0.4(A)
	0.8(A)
	0.2(6)

	(8,11)
	1.1(A)
	0.8(A)
	0.1(2)

	(10,4)
	0.4(A)
	1.7(A)
	0.8(10)

	(10,7)
	1.1(A)
	1.7(A)
	0.9(6)

	(10,11)
	1.5(A)
	1.7(A)
	1.3(2)



































� The number in the parentheses of column 4 means the offset value. For example, (4) means that the number of coded bit is 24+4=28 for HARQ-ACK and 24-4=20 for CSI.
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