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1. Introduction

In [1], some discussions are provided on HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 with recommendations on the further discussions of such an enhancement. In this contribution, we focus on the encoding methods for HARQ-ACK and periodic CSI multiplexing. More specifically, we make some observations regarding possible issues with the separate and joint encoding methods [2-3]. Based on the discussions, we have proposals for the further discussions on these encoding methods. 

2. Discuss on Encoding for HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3
2.1. Joint and Separate Encoding of HARQ-ACK and Periodic CSI
In multiplexing of HARQ-ACK and periodic CSI into PUCCH Format 3, there are two alternative dual RM encoder structures either based on joint encoding or separate encoding, as shown in Figure 1. Joint coding is a simple extension of dual RM encoder of Rel-10 where the HARQ-ACK and periodic CSI bits are evenly distributed between the dual RM encoders. In separate coding, the HARQ-ACK bits and CSI bits are fed to separate RM (32,O) encoders. Typically, the amount physical resources, REs, is first determined for the HARQ-ACK bits via puncturing or circular rate matching so that HARQ-ACK BER (QoS) requirements are met. After this the remaining physical resources are used for the coded CSI bits. Joint interleaving at symbol (QPSK) level is performed before multiplexing the coded bits into both slots #0 and #1 for increased diversity. 
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(a) Example of Joint Encoding


(b) Example of Separate Encoding

Figure 1 Example of HARQ-ACK and periodic CSI multiplexing in PUCCH format 3
Figure 2 shows an example of the HARQ-ACK BER performance (on left-hand side) and the CSI BLER performance (on right-hand side). The example considers three combinations of HARQ-ACK and CSI bits {4 A/N+1 CSI, 4 A/N+6 CSI, 10 A/N+10 CSI} that cover a wide range of payload sizes in PUCCH Format 3. The simulation assumptions are given in Table 1 in Appendix. The exact code rates (physical resources) for separate coding have been selected so that HARQ-ACK bits can reach the requirement of BER ≤ 10-3 with DTX detection disabled and at the same time the corresponding CSI-BLER bits can meet the target of BLER ≤ 10-2, both sharing the same operational SINR. The code rates and required SINR for the simulated cases are summarised in Table 2.
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(a) BER of HARQ-ACK




(b) BLER of CSI

Figure 2 Example of performance results of HARQ-ACK and periodic CSI multiplexing
2.2. Possible Issues with the Encoding Methods
Observing the different structures of joint coding and separate coding methods in Figure 1, we can infer that they have their respective advantages and disadvantages. In this section, we discuss these potential issues and give our recommendations.
Effective coding rate

The different BER/BLER requirements of HARQ-ACK and CSI and the limited uplink feedback resources normally require different effective coding rate. Using the least resources to achieve the requirement is the optimum solution. For the joint coding scheme, HARQ-ACK and periodic CSI share the same encoders, and therefore HARQ-ACK bit and CSI bit are treated equally in the channel coding and will accordingly have the same coding rate. To satisfy the higher error rate requirements of HARQ-ACK, the CSI bits have to be over-protected. This leads to unnecessary inefficient resource utilization as some uplink resources are “wasted” on CSI feedback. Hence, from the perspective of resource efficiency, joint coding is not attractive. On the other hand, with HARQ-ACK and CSI separately encoded, different and proper coding rates can be selected and implemented giving consideration to both BER/BLER requirements and resource overhead.
Observation 1: Separate coding scheme is capable of achieving different coding rate, and more efficient than joint coding from the perspective of resource overhead.
Upper bound of supported source bits
With the Rel-10 dual RM encoder structure, the total number of source bits can in theory not exceed 22 . Since the source information is composed by two blocks of bits from HARQ-ACK and CSI, it is naturally assumed that when one block has less bits, the other block can be expanded accordingly in order to support a larger payload size. For joint coding method, it is pretty easy and straightforward to achieve this “inter-block payload transfer”, and up to 20-bit HARQ-ACK feedback for TDD is possible when the number of CSI bits is small. However, for the separate coding method, as the two blocks are fed into separate RM encoders which both have a payload upper bound of 11 bits, the inter-block payload transfer cannot be done and therefore at most 11 HARQ-ACK bits can be transmitted even if the number of CSI bits is much less than 11 and the full capacity of PUCCH format 3 cannot be reached. Considering the limited capacity of PUCCH format 3 and the possibly large payload size in HARQ-ACK and periodic CSI multiplexing, such resource waste and accordingly heavy ACK/NACK dropping/bundling are unwanted .
Observation 2: Joint coding scheme is more flexible than separate coding on the number of bits assigned to HARQ-ACK and CSI, and capable of supporting more than 11 bit HARQ-ACK bits.
Based on above discussions, we can see some potential issues for both existing coding methods. The purpose of multiplexing HARQ-ACK and periodic CSI in PUCCH format 3 in one subframe is to transmit information as reliably as possible in order to avoid CSI dropping or ACK/NACK dropping/bundling. So to fully utilize PUCCH resource capacity and to feedback more information bits to a largest extent possible, both are critical. Therefore, a solution capable of supporting not only different coding rates, but also inter-block payload transfer is very attractive. Unfortunately, this goal is extremely challenging based on current dual RM encoder structure. One potential enhanced solution could be introducing more encoders in order to find a good tradeoff between the joint coding and separate coding and achieve the benefits of both schemes, e.g. employing a prefixed encoder for HARQ-ACK bits in joint coding, or applying multiple RM encoders to HARQ-ACK bits in separate coding.
Recommendation 1: We suggest RAN1 to look at the possible issues of both existing coding methods and study more advanced solutions, based on tradeoff analysis on resource efficiency and coding gain.
3. Conclusions
In this paper we discuss on encoding methods for HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3. To summarize we have the following observations recommendations regarding the further discussions on the encoding methods
Observation 1: Separate coding scheme is capable of achieving different coding rate, and more efficient than joint coding from the perspective of resource overhead.
Observation 2: Joint coding scheme is more flexible than separate coding on the number of bits assigned to HARQ-ACK and CSI, and capable of supporting more than 11 bit HARQ-ACK bits.
Recommendation 1: We suggest RAN1 to look at the possible issues of both existing coding methods and study more advanced solutions, based on tradeoff analysis on resource efficiency and coding gain.
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4. Appendix

Table 1 Simulation assumptions
	Parameter
	Value

	Bandwidth / Carrier frequency
	10 MHz / 2.0 GHz

	Channel
	EPA - 3 km/h

	Antenna configuration
	1Tx - 2Rx

	DTX detection
	Disabled

	Channel estimation
	Practical


Table 2 Estimated operational SINR for separate coding assuming HARQ-ACK BER ≤ 10-3 and CSI BLER ≤ 10-2
	Combination of A/N + CSI bits
	Required SINR [dB]
	N1 coded A/N bits
	(48-N1) coded CSI bits
	Gain of using separate coding 

	4 A/N + 1 CSI
	-4.7
	44 
	4
	0.5

	4 A/N + 6 CSI
	-3.6
	28
	20
	1.0

	10 A/N + 10 CSI
	-0.5
	28
	20
	0.8
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