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1. Introduction
During RAN1 #68bis meeting, the following was agreed.

Agreement:

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11

· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution, we share our views on the remaining issues related to simultaneous transmission of HARQ-ACK and P-CSI. 

2. Channel coding for HARQ-ACK and P-CSI
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[1];

· Alt #3: Separate coding using dual RM code together with rate matching [2]
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 1 for normal CP frame structure and the corresponding simulation parameters are provided in Appendix-1. More results for extended CP can be found in the Appendix-2.

Table 1 Required SNR (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 small performance gain over Alternative #1 and #2. For most HARQ-ACK and CSI payload combinations listed in Table 1, the performance gain is about 0.5 dB or less. Note that the performance of Alternative #3 obtained in Table 1 is with one set of offset values. Due to the extensive large number of combinations of HARQ-ACK and CSI payload, considerable efforts are expected to calibrate the optimal offset values in Alternative #3 given 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 specification effort.

To simplify the specification effort, either Alt#1 or Alt#2 could be considered. From Table 1, we also observe that, using a single channel coding scheme may not achieve the best performance for all the cases. 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 cases where the number of HARQ-ACK bit is smaller than CSI (with yellow background); and is worse for the opposite condition (with green background). Therefore we propose a hybrid coding scheme as follows 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.
3. CSI dropping vs. spatial bundling
Considering the limited capacity of PUCCH format 3, as agreed in RAN1 #68bis meeting, only one P-CSI report with the 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 a P-CSI together with 1bit SR. For TDD, if the total number of bits for HARQ-ACK and P-CSI to be transmitted is larger than 22, the impact of CSI dropping and HARQ-ACK bundling should be evaluated. Table 2 and 3 compared the performance loss caused by CSI dropping and HARQ-ACK spatial bundling. From the simulation results, we can see that, the performance loss caused by spatial HARQ-ACK bundling is less than by CSI dropping. Therefore, HARQ-ACK spatial bundling should be used in case of the total bit number of HARQ-ACK and P-CSI exceeds 22.
Table 2 performance comparison of CSI dropping and spatial bundling

[image: image1.emf]3km/h Cell average Loss(100%) Cell edge Loss(100%)

no CSI dropping,

no spatial bundling 2.6493 0 0.1149 0

no CSI dropping,

with spatial bundling 2.6378 0.43 0.1145 0.35

CSI Droprate = 0.3,

no spatial bundling 2.6199 1.11 0.1141 0.7

CSI Droprate = 0.5,

no spatial bundling 2.5635 3.24 0.1114 3.05

CSI Droprate = 0.7,

no spatial bundling 2.445 7.71 0.105 8.62

CSI Droprate = 0.9,

no spatial bundling 2.2034 16.83 0.0892 22.37


Table 3 performance comparison of CSI dropping and spatial bundling

[image: image2.emf]30km/h Cell average Loss(100%) Cell edge Loss(100%)

no CSI dropping,

no spatial bundling 1.8081 0 0.0692 0

no CSI dropping,

with spatial bundling 1.7896 1.02 0.0685 1.01

CSI Droprate = 0.3,

no spatial bundling 1.7909 0.95 0.0681 1.59

CSI Droprate = 0.5,

no spatial bundling 1.7606 2.63 0.0641 7.37

CSI Droprate = 0.7,

no spatial bundling 1.7257 4.56 0.0599 13.44

CSI Droprate = 0.9,

no spatial bundling 1.6924 6.4 0.0551 20.38


4. UE configured with PUCCH format 1b with channel selection

Another issue   is how to handle the case when the UE is configured with PUCCH format 1b with channel selection for HARQ-ACK transmission and PUCCH format 2 for P-CSI transmission. We think we should handle this case for FDD and TDD separately. As spatial HARQ-ACK bundling only causes negligible performance loss [3][4]
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 \* MERGEFORMAT [5] (also the simulation results shown above) and at most 2 HARQ-ACK bits after spatial bundling for FDD, we think using PUCCH format 2/2b for simultaneous transmission of HARQ-ACK and P-CSI is a good choice. And for TDD with M=1, similar handling as FDD can be applied. But for TDD with M>1, 4 HARQ-ACK bits are needed to be transmitted, new design on how to transmit the 4 HARQ-ACK bits together with P-CSI on PUCCH format 2/2a/2b is needed. Considering the time frame of Rel-11, new design is not preferred. Therefore, we think we can just follow the rule defined in Rel-10, dropping the CSI and transmitting the HARQ-ACK only by PUCCH format 1b with channel selection. Therefore, we propose
· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2/2a/2b is supported for FDD and TDD with M=1 with spatial bundling applied to HARQ-ACK bits.

· Format 2a/2b for normal CP

· Format 2 for extended CP  
5. Resource allocation

The last issue for simultaneous transmission of multiple HARQ-ACK and P-CSI is the resource allocation issue. There are several configurations for HARQ-ACK transmission and it was still under discussion on how to support multi-cell periodic CSI transmission. In [6], it is proposed using PUCCH format 3 as the container for multi-cell periodic CSI transmission. Table -4 summarizes our proposal on the resource allocation for simultaneous transmission of P-CSI and HARQ-ACK for different configuration of HARQ-ACK and P-CSI.
Table -4 resource allocation for simultaneous transmission of multiple HARQ-ACK and P-CSI
	
	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 2/2a/2b
	PUCCH format 2/2b is used if spatial bundling for FDD and TDD with M=1 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


6. Conclusions

In this contribution, we discuss issues related to simultaneous transmission of periodic CSI report and HARQ-ACK in a subframe. In summary, we propose:

· 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.

· For PUCCH format 3, HARQ-ACK spatial bundling is applied to HARQ-ACK bits first if the total number of HARQ-ACK and P-CSI exceeds 22. 

· For a Rel-11 UE that is configured for Format 1b with channel selection for HARQ-ACK and Format 2 for P-CSI, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2/2a/2b is supported for FDD with spatial bundling applied to HARQ-ACK bits.

a) Format 2a/2b for normal CP

b) Format 2 for extended CP  
· The resource used for simultaneous transmission of P-CSI and HARQ-ACK is 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 2/2a/2b
	PUCCH format 2/2b 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
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Appendix-1

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/Extended 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-2

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)


Appendix-3

Table A.1 Simulation assumptions for system level simulation

	Parameters
	Assumptions

	Simulated TTI per Drop
	10000

	Carrier aggregation configuration
	2 

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz/CC

	UE Speed
	3km/h, 30 km/h

	UE number per Cell
	10

	Channel model
	3GPP Case 1 with 500m ISD

	Traffic model
	Full buffer

	TDD configuration
	2

	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 
	10 ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR



































� 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.





