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1
Scope
In this contribution, we evaluate the link-level performance of a number of schemes for multiplexing CQI and ACK/NACK on PUCCH against the error requirements specified in Rel-8.
More specifically, we compare the performance of DFT-S-OFDM and PUCCH Type 2 when joint coding is used for CQI and ACK/NACK multiplexing. We also provide some insight into other alternative multiplexing designs, namely, the schemes which use separate coding of CQI and ACK/NACK.
2
Introduction

In RAN1 #61bis, it was agreed that for periodic CQI/PMI/RI reporting for carrier aggregation, at least the configuration of different (in time) PUCCH resources for reports for each CC is supported. For ACK/NACK transmission, it has been agreed to introduce a new PUCCH format (PUCCH Format 3) based on DFT-S-OFDM in Rel-10 to convey large ACK/NACK feedback payload sizes required for carrier aggregation. However, it has not yet been decided whether concurrent transmission of periodic CQI/PMI/RI and HARQ ACK/NACK within the same subframe will be supported for carrier aggregation.
One possibility for carrier aggregation in case the UE needs to transmit HARQ ACK/NACK in the same subframe in which a periodic CQI has been configured is to drop the CQI report and only transmit HARQ ACK/NACK [2]-[4]. However, as pointed out in [2][3], this approach will result in excessive dropping of the periodic CQI reports which may adversely impact DL scheduling and/or throughput. Besides in Rel-8, the simultaneous transmission of periodic CQI and HARQ ACK/NACK has been supported for both normal CP and extended CP. Hence, it is preferable to extend such a capability to Rel-10 for carrier aggregation if the performance targets can be met.
Alternatively, given that the initial priority for R10 FDD is to support 2 DL CC’s in a 2x10 MHz inter-band, or in a 2x20MHz intra-band aggregation, in many practical scenarios the UE only needs to feedback up to 4 ACK/NACK bits in a given subframe. This implies that including periodic CQI, the total payload size that the UE needs to support on PUCCH is in the range of 2-15 bits. Hence, the support of such a payload size should be feasible in Rel-10, given that a new PUCCH structure based on DFT-S-OFDM has already been introduced for ACK/NACK multiplexing.
In this contribution, we present simulation results for a number of schemes for concurrent transmission of periodic CQI and ACK/NACK on the same PUCCH. Specifically, we compare the performance of PUCCH Format 2 and Format 3 when joint coding is used for CQI and ACK/NACK multiplexing. We consider using joint coding as an extension of the approach defined in Rel-8 for CQI and ACK/NACK multiplexing on PUCCH for extended CP, to Rel-10. We also evaluate the performance of joint coding compared to separate coding. 
For ACK/NACK payload size, our assumption is NA/N є {3, 4}. This is consistent with the latest agreement on ACK/NACK multiplexing in RAN1 for a Rel-10 category UE which supports up to 4 A/N bits [1].  For the periodic CQI/PMI/RI payload size, we assume NCQI є {1, 2,..., 8} bits which is in the range of the periodic CQI payload sizes specified for Rel-8.
Summary conclusions and recommendation are presented in Sections 5 and 6.

3
Simulation Assumptions
Link-level simulation parameters are summarized in Table 1.

Table 1: Link-level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Channel model
	EPA 3km/h 10 MHz 

	Frequency-hopping
	At slot boundary 

	Antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180 kHz

	DTX detection 
	Disabled

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1


The joint coding scheme using PUCCH Format 2 is simulated according to Rel-8 principles wherein a 20-bit codeword is formed by jointly encoding the ACK/NACK bits and CQI bits using a (20, O) RM code. 
The joint coding scheme using PUCCH Format 3 is simulated according to the baseline structure specified for ACK/NACK multiplexing. 
The separate coding scheme using PUCCH Format 3 is simulated according to a slightly modified version of the baseline PUCCH Format 3 scheme, wherein ACK/NACK and CQI bit sequences are separately encoded using the (32, O) RM code from Rel-8 with circular buffer rate matching or puncturing. The encoded streams are then modulated and mapped on the respective allocated resources. 

We should also note that no DTX handling is assumed in any of these simulations (i.e., ACK/NACK DTX detector at eNB is disabled). In the context of this study, DTX handling relates to signalling of the periodic CQI instead of simultaneous transmission of periodic CQI and ACK/NACK (i.e., the UE has been configured to periodically transmit CQI but has missed the DL allocation).
4
Simulations Results

Figure 1 shows the link level performance of PUCCH Format 3 when joint coding of CQI and ACK/NACK is applied for NA/N=3, 4.

Figure 2 shows the link level performance of PUCCH Format 2 when joint coding of CQI and ACK/NACK is applied for NA/N=3, 4.

Figures 3-6 (in Appendix) shows the link level performance of the separate coding scheme for NA/N=3, 4 and NCQI=1,...,8 bits. For these studies, the channel coding for HARQ ACK/NACK and CQI information is done independently. Besides, a variable coding rate is achieved by varying the ratio between the number of physical resources allocated to ACK/NACK and the number allocated to CQI.  This ratio is adjusted such that the required SNR for both types of control information is approximately the same.
In all figures, solid lines represent the BER performance of ACK/NACK information whereas dashed lines indicate the BLER performance of the CQI information (referred to as “FER” in the legends). A CQI block error occurs if at least one bit is in error.
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Figure 1: Link performance of joint coding on PUCCH Format 3 for NA/N=3, 4 bits.  
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Figure 2: Link performance of joint coding on PUCCH Format 2 for NA/N=3, 4 bits  

5
Discussion

Comparing PUCCH Format 2 and PUCCH Format 3 with joint coding, we observe that in terms of both ACK BER and CQI BLER, PUCCH Format 3 outperforms PUCCH Format 2 especially for high payload sizes. This is mostly due to the fact that for a given payload size the coding rate of RM (20, k) code is greater than that of RM (32, k) code with cyclic repetition. A summary of the required SNR for each of these PUCCH transmission schemes, derived from the link level results in Figures 1 and 2, is provided in Table 2 below.
Table 2: Required SNR [dB] in EPA 3km/h 10 MHz for PUCCH formats 2 & 3 with joint coding
ACK BER ≤ 10-3, CQI BLER ≤ 10-2
	Number of CQI bits
	1
	2
	3
	4
	5
	6
	7
	8

	PUCCH 
Format 3
	3 A/N bits 
	-3.9
	-3.5
	-3.2
	-2.6
	-2
	-1.7
	-1.2
	-0.8

	
	4 A/N bits
	-3.5
	-3.2
	-2.7
	-2
	-1.5
	-1.2
	-0.9
	

	PUCCH 
Format 2
	3 A/N bits 
	-4
	-3.4
	-2.4
	-2
	-1.3
	-1.2
	-0.7
	0.8

	
	4 A/N bits
	-3.5
	-2.1
	-1
	-0.7
	-0.4
	0
	1
	


It is worth noting that simultaneous transmission of CQI and ACK/NACK on PUCCH Format 3 may also be advantageous when it comes to missed detection handling at the eNB, if a PUCCH Format 2 resource (
[image: image5.wmf])
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) is still used for the transmission of CQI alone as in Rel-8. With this configuration, in case a DL resource allocation grant is missed (i.e., DTX), the UE transmits its periodic report on its assigned PUCCH Format 2 resource and the network can detect this by performing energy detection on this resource. This should improve the probability of false alarm (i.e., Pr(DTX-> ACK)) compared to the approach where CQI and ACK/NACK are multiplexed on the PUCCH Format 2 resource. In the latter approach, the eNB needs to rely on a ML receiver structure for DTX handling [5] to determine the exact length of the original uncoded information, which is more error prone.
To quantify the achievable gain using a separate coding scheme versus joint coding using PUCCH Format 3, the required SNRs for the separate coding approach together with the sizes of the encoded ACK/NACK and CQI bit sequences are shown in Table 3 below.
Table 3: Required SNR [dB] in EPA 3km/h 10 MHz for PUCCH formats 3 with separate coding

ACK BER ≤ 10-3, CQI BLER ≤ 10-2
	Number of A/N+CQI bits
	Required

SNR
	Encoded A/N
Sequence length 
	Encoded CQI
Sequence length
	Gain compared to joint coding 

	3 A/N + 1 CQI
	-4.1
	44
	4
	0.2

	3 A/N + 2 CQI
	-3.7
	38
	10
	0.2

	3 A/N + 3 CQI
	-3.6
	32
	16
	0.4

	3 A/N + 4 CQI
	-3.2
	28
	20
	0.6

	3 A/N + 5 CQI
	-2.9
	26
	22
	0.9

	3 A/N + 6 CQI
	-2.8
	26
	22
	1.1

	3 A/N + 7 CQI
	-2.4
	24
	24
	1.2

	3 A/N + 8 CQI
	-2.0
	22
	26
	1.2

	4 A/N + 1 CQI
	-3.6
	44
	4
	0.1

	4 A/N + 2 CQI
	-3.2
	38
	10
	0

	4 A/N + 3 CQI
	-3.0
	34
	14
	0.3

	4 A/N + 4 CQI
	-2.8
	32
	16
	0.8

	4 A/N + 5 CQI
	-2.5
	30
	18
	1

	4 A/N + 6 CQI
	-2.2
	28
	20
	1

	4 A/N + 7 CQI
	-2.0
	26
	22
	1.1


As shown in the results presented in Figures 3-6, the required SNR can be minimized through scaling of the available resources such that both quality targets for ACK/NACK and CQI transmissions are met at approximately the same point. Another way to see this is that the size of physical resources allocated to ACK/NACK transmission can be scaled based on the PUCCH quality. This mechanism is somewhat similar to what is currently being used in Rel-8 for power adjustments of control signalling in the presence of uplink data on PUSCH. 

Another observation from Table 3 is that the achievable gain through separate coding compared to joint coding increases as the size of CQI payload increases. For instance, there is around 1dB gain for the CQI payload sizes of greater than 4 bits.
6
Conclusions and Recommendations
In this contribution, we presented link level performance for both joint coding and separate coding of HARQ ACK/NACK and periodic CQI using PUCCH Format 3. The joint coding scheme was also evaluated using PUCCH Format 2. We have shown that the concurrent transmission of ACK/NACK and periodic CQI on PUCCH is still feasible for carrier aggregation using up to at least 4 ACK/NACK bits.
We propose the following working assumptions:
Proposal 1: Multiplexing of CQI and ACK/NACK for at least NA/N ≤ 4 bits is supported for FDD in R10.
Proposal 2: Simultaneous transmission of HARQ ACK/NACK and CQI is configurable through RRC.
Proposal 3: PUCCH Format 3 is used for multiplexing of CQI and ACK/NACK on PUCCH in R10.
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Appendix – Detailed Simulation Results for Separate Coding
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Figure 3: Link performance of separate coding on PUCCH Format 3 for NA/N=3 and NCQI=1, 2, 3, 4 bits.  
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Figure 4: Link performance of separate coding on PUCCH Format 3 for NA/N=3 and NCQI=5, 6, 7, 8 bits.
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Figure 5: Link performance of separate coding on PUCCH Format 3 for NA/N=4 and NCQI=1, 2, 3, 4 bits.
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Figure 6: Link performance of separate coding on PUCCH Format 3 for NA/N=4 and NCQI=5, 6, 7 bits.
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