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1. Introduction

The followings were agreed in RAN1#68bis for multi-cell HARQ-ACK and periodic CSI multiplexing for DL CA with PUCCH format 3.
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

· FFS whether separate coding or joint coding of HARQ-ACK and CSI
This contribution discusses the remaining aspects on multiplexing of HARQ-ACK and periodic CSI for PUCCH format 3 in carrier aggregation.
2. Discussions
Coding chain 
Two coding schemes, namely joint and separate, were discussed in [1]

 REF _Ref331784795 \r \h 
[2] for transmitting A/N and CSI using PUCCH format 3. In separate coding scheme, each RM coding block of dual RM coding is used for multi-cell HARQ-ACK and single-cell periodic CSI as shown in Figure 1, while they are jointly coded for joint coding scheme. It was claimed in [1] that the separate coding scheme can optimize the performance of HARQ-ACK and CSI by adjusting the code rate of each encoder outputs using a rate-matching parameter delta as shown in Figure 1. However, it is quite difficult to find a single (common) value for delta considering different possible cases of fading channels, mobility, receiver type (conventional and advanced receiver) etc. On the other hands, joint coding of HARQ-ACK and CSI is a simple and straightforward scheme for multiplexing the HARQ-ACK and CSI, which has been also used in HARQ-ACK+CSI with PUCCH format 2 for extended CP since Rel-8.
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Figure 1 Separate coding (captured from [1])
The link level simulation results showing required SNR for joint and separate coding are listed in Table 1 and Table 2 for EPA5Hz and ETU5Hz channels respectively. The overall required SNR values determined by HARQ-ACK and CSI performances, are indicated by yellow and green marks respectively. We used Δ=0 in our simulation. The overall performance is determined by HARQ-ACK performance with joint coding while the performance for the UCI having more information bits is a dominant factor with separate coding. Therefore, in order to optimize the value of Δ, its value needs to be increased when the HARQ-ACK performance is a dominant factor. On the other hands, the value of Δ needs to be decreased when CSI performance is a dominant factor. With Δ=0, it is observed that the performance of joint coding is same or superior than that of separate coding with 75% and 60% probability, under EPA 5Hz and ETU 5Hz respectively. Since the gain of separate coding over joint coding varies depending on the type of fading channel, it may be very difficult to find a common value of Δ while considering all the scenarios.
Table 1 Required SNR under EPA 5Hz,  Δ=0 for separate coding
	CSI bits

A/N bits
	4
	6
	8
	10

	
	Joint
	Separate
	Gain by Separate
	Joint
	Separate
	Gain by Separate
	Joint
	Separate
	Gain by Separate
	Joint
	Separate
	Gain by Separate

	2
	-3.91 
	-3.69 
	-0.22
	-3.90 
	-3.67 
	-0.23
	-3.15 
	-2.27 
	-0.88
	-2.20 
	-1.32 
	-0.88

	4
	-3.83 
	-3.05 
	-0.78
	-3.20 
	-3.03 
	-0.17
	-2.19 
	-2.27 
	0.08
	-1.27 
	-1.30 
	0.03

	6
	-3.05 
	-1.76 
	-1.29
	-2.30 
	-1.71 
	-0.59
	-1.09 
	-1.61 
	0.52
	-0.26 
	-1.22 
	0.96

	8
	-2.20 
	-0.03 
	-2.17
	-0.92 
	-0.07 
	-0.85
	-0.21 
	0.23 
	-0.44
	0.46 
	0.01 
	0.45

	10
	-1.18 
	0.99 
	-2.17
	-0.28 
	0.97 
	-1.25
	0.40 
	0.97 
	-0.57
	0.91 
	0.97 
	-0.06


Yellow: Overall required SNR is determined by HARQ-ACK performance

Green: Overall required SNR is determined by CSI performance

Table 2 Required SNR under ETU 5Hz, Δ=0 for separate coding
	CSI bits

A/N bits
	4
	6
	8
	10

	
	Joint
	Separate
	Gain by Separate
	Joint
	Separate
	Gain by Separate
	Joint
	Separate
	Gain by Separate
	Joint
	Separate
	Gain by Separate

	2
	-3.68
	-3.86
	0.18
	-2.27
	-2.68
	0.41
	-1.29
	-1.17
	-0.12
	-0.68
	0.14
	-0.82

	4
	-2.36
	-1.29
	-1.07
	-1.03
	-1.46
	0.43
	-0.19
	-1.15
	0.96
	0.75
	0.20
	0.55

	6
	-0.53
	0.09
	-0.62
	-0.26
	-0.26
	0
	0.87
	-0.60
	1.47
	1.60
	0.16
	1.44

	8
	-0.03
	1.76
	-1.79
	0.84
	1.99
	-1.15
	2.16
	2.16
	0
	2.38
	1.65
	0.73

	10
	0.89
	4.00
	-3.11
	2.07
	3.81
	-1.74
	3.42
	3.76
	-0.34
	3.31
	3.31
	0


Proposal 1: Joint coding is adopted for multiplexing of HARQ-ACK and CSI using PUCCH format 3.
Resource allocation

In Rel-10, the PUCCH resource for periodic CSI transmission is configured by RRC for PUCCH format 2. When the multi-cell periodic CSI is supported by either PUCCH format 3 or PUSCH in Rel-11 [3], the corresponding resources for PUCCH format 3 or PUSCH are likely to be configured by RRC signaling.  The multiplexing of HARQ-ACK and periodic CSI using PUCCH format 3 needs to be used when the UE is configured with PUCCH format 3 for HARQ-ACK transmission. When the HARQ-ACK and periodic CSI transmissions coincide in a subframe, the HARQ-ACK resource indicated by ARI should be used for multiplexing of HARQ-ACK and CSI using PUCCH format 3. If DTX happens for all serving cells, multi-cell HARQ-ACK is not transmitted and periodic CSI is transmitted using PUCCH format 2 (or PUCCH format 3 for multi-cell periodic CSI transmission [3]) due to the fact that the ARI is not available. 
Proposal 2: When the HARQ-ACK and periodic CSI transmission coincide in a subframe, the HARQ-ACK resource indicated by ARI should be used for multiplexing of HARQ-ACK and CSI using PUCCH format 3.

Power control

As we can see in Table 1 and Table 2 above, the overall required SNR is determined by that of HARQ-ACK with joint coding. Figure 2 and Figure 3 show the required SNR for EPA 5Hz and ETU 5Hz respectively. The required SNR is depicted according to the UCI bits (i.e. n_HARQ+n_CSI). The n_CSI=0 means that multi-cell HARQ-ACK only is transmitted by PUCCH format 3 which uses the current power control function of h(.). As seen in the simulation results, the similar link curves for required SNR are found as long as the total number of bits (n_HARQ+n_CSI) is same. Therefore, neither new function of h(.) nor compensation offset is needed.
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Figure 2 Required SNR for n_HARQ+n_CSI - EPA 5Hz
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Figure 3 Required SNR for n_HARQ+n_CSI - ETU 5Hz
Proposal 3: There is no need to introduce or modify the power control formula for multiplexing of HARQ-ACK and CSI using PUCCH format 3.

3. Conclusions

In this contribution, we discuss some remaining aspects on multiplexing of HARQ-ACK and CSI using PUCCH format 3. Based on the discussions and simulation analysis, we come up with the following proposals.

Proposal 1: Joint coding is adopted for multiplexing of HARQ-ACK and CSI using PUCCH format 3.

Proposal 2: When the HARQ-ACK and periodic CSI transmission coincide in a subframe, the HARQ-ACK resource indicated by ARI should be used for multiplexing of HARQ-ACK and CSI using PUCCH format 3.

Proposal 3: There is no need to introduce or modify the power control formula for multiplexing of HARQ-ACK and CSI using PUCCH format 3.
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Annex A. Simulation parameters
Pr(DTX(ACK) for HARQ-ACK is defined as follows;
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Table 3 Simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU, EPA

	Doppler frequency
	5Hz

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Receiver type
	Normal detector

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH and PUSCH
	1

	Formats
	PUCCH format 3

	Channel coding
	(32,O) RM, dual RM with joint and separate coding

	Required SNR for HARQ-ACK
	Such that Pr(DTX(ACK)<=1%, Pr(ACK(ACK/NACK)<=1%, Pr(NACK(ACK)<=0.1%

	Required SNR for multi-cell periodic CSI
	BLER<=1%

	Overall required SNR
	Max(SNR_HARQ, SNR_CSI)
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