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1. Introduction

In RAN1 #68bis meeting [1], it was agreed that 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. In this contribution, we discuss coding schemes for the simultaneous multi-cell HARQ-ACK and single-cell periodic CSI transmission on PUCCH format 3.
2. Alternatives for channel coding scheme
In LTE-A Rel-10, it is already supported to transmit multi-cell HARQ-ACK in a subframe by employing PUCCH format 3, of which maximum payload size could be extended into 22 bits in Rel-11. When PUCCH format 3 is configured to support simultaneous multi-cell HARQ-ACK and single periodic CSI transmission, possible candidates for coding scheme to multiplex HARQ-ACK and CSI could be as follows: 
· Alt 1: Joint coding [2]

 REF _Ref319753328 \n \h 
[3]
Multiplexing multi-cell HARQ-ACK and CSI on PUCCH format 3, CSI bits are concatenated next to HARQ-ACK bits. When the number of the concatenated bits is less than 12, the concatenated bits are encoded by single RM coding with circular repetition as shown in Figure 1(a). In the other cases, the concatenated bits are evenly distributed into each encoder of dual RM encoders as shown in Figure 1(b). The existing PUCCH format 3 coding chain can be reused without modification.
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(a) Single RM coding (the number of bits ≤11)
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(b) Dual RM coding (the number of bits >11)
Figure 1: Example of joint coding method.
· Alt 2: Separate coding without adaptive rate-matching [4]
In separate coding, HARQ-ACK and CSI are separately encoded by each RM encoder as shown in Figure 2. Then, the each code rate for HARQ-ACK and CSI is decided by the number of HARQ-ACK bits and CSI bits, respectively. It may be necessary to modify the existing PUCCH format 3 coding chain (e.g. input bit interleaver). 
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Figure 2: Example of separate coding method without adaptive rate-matching.
· Alt 3: Separate coding with adaptive rate-matching [5]
As shown in Figure 3, each encoder in separate coding could additionally carry out adaptive rate-matching in order to balance the code rate of each UCI according to performance requirements for each UCI. Thus, it is necessary to modify the existing PUCCH format 3 coding chain (e.g. input/output bit interleaver, RE assignment and mapping). 
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Figure 3: Example of separate coding method with adaptive rate-matching.
Since the total number of RM basis in Rel-10 is limited to 11 bits, separate coding as in both Alt 2 and Alt 3 may be no longer available when either the number of HARQ-ACK bits or the number of CSI bits is larger than 11 bits in current state.
3. Comparisons between joint coding and separate coding
In this section, we provide the required SNR gains of separate coding compared to joint coding to meet the performance requirements (e.g. BER for HARQ-ACK
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 and BLER for CSI
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) over EPA and ETU channels for some combinations of the number of HARQ-ACK bits and CSI bits as shown in Figure 4 and Figure 5. The detailed simulation parameters can be found in the Appendix 1. 
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 (a) EPA channel


       
  (b) ETU channel
Figure 4: Required SNR gain of separate coding without adaptive rate-matching (
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) compared to joint coding according to the combination of HARQ-ACK payload size and CSI payload size
In Figure 4, if adaptive rate-matching for separate coding is not configured (
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), joint coding provides SNR gain over separate coding when the number of CSI bits is equal to or less than that of HARQ-ACK bits while separate coding shows SNR gain over joint coding in other cases. The gain achievable by joint coding over separate coding is up to more than 2 dB while the gain achievable by separate coding over joint coding is up to more than 1 dB. 
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Figure 5: Required SNR gain of separate coding with adaptive rate-matching (variable 
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) compared to joint coding according to the combination of HARQ-ACK payload size and CSI payload size
In Figure 5, when adaptive rate-matching for separate coding is configured, separate coding provides SNR gain over joint coding in most cases while joint coding shows SNR gain over separate coding in some cases where the number of CSI bits is small. The gain achievable by separate coding over joint coding is up to more than 1 dB while the gain achievable by joint coding over separate coding is up to less than 1 dB.
4. Conclusion
This contribution discussed the coding schemes for simultaneous multi-cell HARQ-ACK and periodic CSI for one serving cell transmission on PUCCH format 3 in Rel-11. As a conclusion, our observations are as follows;
Observation#1: With dual RM coding, separate coding is not available when either the number of HARQ-ACK bits or the number of CSI bits is larger than 11.
Observation#2: Regarding separate RM coding without adaptive rate matching:

Joint coding provides SNR gain over separate coding when the number of CSI bits is equal to or less than that of HARQ-ACK bits, while separate coding shows SNR gain over joint coding in other cases. The gain achievable by joint coding over separate coding is up to more than 2 dB while the gain achievable by separate coding over joint coding is up to more than 1 dB

Observation#3: Regarding separate RM coding with adaptive rate matching: 
Separate coding provides SNR gain over joint coding in most cases while joint coding shows SNR gain over separate coding in some cases where number of CSI bits is small. The gain achievable by separate coding over joint coding is up to more than 1 dB while the gain achievable by joint coding over separate coding is up to less than 1 dB.
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Appendix 1
Table 1: Simulation assumptions for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	50 MHz

	Channel model
	EPA, ETU

	UE speed
	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
	2, 4, 6, 7, 9, 11

	Channel coding
	Dual RM: for separate coding and joint coding with payload size >11

Single RM: for joint coding with payload size ≤11
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