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1
Introduction
According to RAN1#62 agreements [1], Rel-10 UEs could transmit up to 4 ACK/NACK bits by using PUCCH format 1b with channel selection. And for designing of mapping tables for 2, 3, 4 ACK/NACK bits, the followings were agreed. 
· One mapping table for each of 2, 3, or 4 bits

· Possibly 1 mapping table with nested property for bit range of 2 – 4

· 2/3/4 PUCCH format 1a/1b resources for 2/3/4 bits, respectively

· Mapping table design shall optimize the performance for 2 CCs, wrt

· Required SNR to meet ACK/NAK performance requirements

· Implicit Rel-8 resource utilization

· Ambiguity handling during DL CC reconfiguration

· Equalization of individual ACK/NAK bit performance will be considered. 
· Overlapping states shall be avoided

In this contribution, we propose our mapping tables considering the above design criterion and compare ACK/NACK performances of companies’ mapping tables, which had been submitted by 17th Sep [2].
2
Discussion
2-1
LGE’s design assumption (criterion)
As shown in the above agreement, we design mapping tables assuming 2 DL CC aggregation. In the 2 DL CC aggregation case, according to MIMO or Non-MIMO configuration of each DL CC, the maximum number of ACK/NACK feedback payload could be determined as the following Table 1. 

Table1. ACK/NACK selection use cases for 2 CC aggregation
	
	PCC
	SCC
	Maximum # of A/N bits

	Case 1
	Non-MIMO 
	Non-MIMO
	2 bits

	Case 2
	MIMO
	Non-MIMO
	3 bits

	Case 3
	Non-MIMO
	MIMO
	3 bits

	Case 4
	MIMO
	MIMO
	4 bits


In case of cross-carrier scheduling from PCC, it is possible to derive full implicit resources if two implicit resources are derived from a MIMO scheduling PDCCH. And it is desirable to use implicit resource as much as possible for ACK/NACK resource management. Therefore we suggest that ACK/NACK channel selection mapping tables should be applicable even in case of full implicit RA.[3] And we assume that in a MIMO DL CC, regardless of actual number of scheduled codewords, two implicit resources are always derived from a PDCCH.
And for CC reconfiguration error handling, Rel-8/9 fallback functionality should be included in channel selection mapping, which means that if UE received PCC data only, ACK/NACK mapping of that is the same as Rel-8/9 PUCCH format 1a/1b.
And for optimization of average ACK/NACK performance, Gray-like coding is embedded in the QPSK constellation points in each PUCCH resource. For example, in case of 4 bit ACK/NACK mapping table, codeword difference between two nearest constellation points in each resource is one. This kind of mapping would optimize the average ACK/NACK performance. 
2-2
LGE’s mapping table
1. 2 bit A/N mapping table
	A/N state

(PCC, SCC)
	Ch1

(PCC PUCCH #1)
	Ch2

(SCC PUCCH #1)

	(N, N)
	+1
	

	(N, A)
	
	+1

	(A, N)
	-1
	

	(A, A)
	
	-1


If a UE receive PCC scheduling PDCCH only (i.e. SCC DTX), ACK/NACK mapping of that is the same as Rel-8/9 PUCCH format 1a.
2. 3 bit A/N mapping table
Note: A/N position of MIMO CC is MSB 2bits, position of non-MIMO CC is LSB
	A/N state

(MCC1, MCC2,non-MCC1)
	Ch1

(MCC PUCCH#1)
	Ch2

(MCC PUCCH#2)
	Ch3
(non-MCC PUCCH#1)

	(N, N, N)
	+1
(If MIMO PCC)
	
	+1
(If non-MIMO PCC)

	(N, N, A)
	
	
	-1

	(N, A, N)
	-j
	
	

	(N, A, A)
	
	-1
	

	(A, N, N)
	+j
	
	

	(A, N, A)
	
	+1
	

	(A, A, N)
	-1
	
	

	(A, A, A)
	
	+j
	


In case of MIMO PCC, ACK/NACK positions of PCC are MSB 2bits and the state of (N, N, N) is in MCC PUCCH #1 and the corresponding mapping support PUCCH format 1b fallback when PCC only reception.

In case of non-MIMO PCC, ACK/NACK position of PCC is LSB and the state of (N, N, N) is in non-MCC PUCCH #1 and the corresponding mapping support PUCCH format 1a fallback when PCC only reception.

3. 4 bit A/N mapping table

	A/N state

(PCC1,PCC2, SCC1, SCC2)
	Ch1

(PCC PUCCH#1)
	Ch2

(PCC PUCCH#2)
	Ch3

(SCC PUCCH#1)
	Ch4

(SCC PUCCH#2)

	(N, N, N, N)
	+1
	
	
	

	(N, N, N, A)
	
	
	+1
	

	(N, N, A, N)
	
	
	
	+1

	(N, N, A, A)
	
	
	-j
	

	(N, A, N, N)
	-j
	
	
	

	(N, A, N, A)
	
	+1
	
	

	(N, A, A, N)
	
	
	
	-j

	(N, A, A, A)
	
	-j
	
	

	(A, N, N, N)
	+j
	
	
	

	(A, N, N, A)
	
	
	+j
	

	(A, N, A, N)
	
	
	
	+j

	(A, N, A, A)
	
	
	-1
	

	(A, A, N, N)
	-1
	
	
	

	(A, A, N, A)
	
	+j
	
	

	(A, A, A, N)
	
	
	
	-1

	(A, A, A, A)
	
	-1
	
	


If a UE receive PCC scheduling PDCCH only (i.e. SCC DTX), ACK/NACK mapping of that is the same as Rel-8/9 PUCCH format 1b.

2-3
Decoupled DTX transmission
Due to the full implicit RA and NACK/DTX coupling, some decoupled DTX states, for example ‘DTX in PCC, all NACK in SCC’ and some states containing ‘explicit DTX’, could not be transmitted. Since there are some remaining constellation points in 2, 3 bit mapping tables, it can be useful for eNB to transmit those states by using the remaining constellation points. Those additional states could be used for PDCCH power control. For example, in case of 2 bit mapping we could additionally transmit the state of ‘DTX in PCC, NACK in SCC’ and/or the state of ‘DTX in PCC, ACK in SCC’. Therefore some decoupled DTX states may be additionally allocated on the remaining states in the mapping table.
2-4
Simulation results 

In this section we compare the required SNR of 9 companies’ mapping in [3], which had been submitted by 17th Sep. We calculate required SNR of satisfying the following ACK/NACK requirements. 
· Pr(DTX -> ACK) = 1%

· Pr(ACK->NACK,DTX)=1%

· Pr(NACK->ACK)=0.1%

 And detailed simulation results are shown in the appendix.
Note: We simulated LGE and Panasonic’s 3 bit mapping table by assuming PCC is configured as non-MIMO mode. And the following 3 simulation result figures are based on average ACK/NACK performance. And the proposed mapping shows good performances in terms of average ACK/NACK bit performance.
[image: image1.png]Required SNR

ETU 3km/h 5MHz

——LGE

3bit

4bit

Panasonic
—A—ZTE
——=CATT
—#—Huawei
—8—Nokia
—+—Samsung

Qualcomm

——=NTT





[image: image2.png]Required SNR

ETU 120km/h 5SMHz

A

3bit

4bit

——LGE
=Panasonic
—A—ZTE
—=CATT
=t=Huawei
—&—Nokia
~—Samsung
~=Qualcomm

= NTT





[image: image3.png]EPA 3km/h 10MHz

——LGE

Required SNR

——Panasonic

—A—ZTE
—CATT
—#—Huawei
—o—Nokia

~—Samsung
———Qualcomm

——=NTT

3bit 4bit





3 
Summary
In this contribution we proposed ACK/NACK channel selection mapping tables and compare ACK/NACK performances with other companies’. And the followings are design criterions of the mapping tables. 
· Criterion 1: ACK/NACK channel selection mapping tables should be applicable even in case of full implicit RA.

· Criterion 2: For reconfiguration error handling, Rel-8/9 fallback should be supported.
· Criterion34: Some decoupled DTX states can be additionally allocated on the remaining states in the 2, 3 bit mapping table.
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Appendix: Link simulation assumptions and results
<Simulation assumptions>
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU, 10 MHz for EPA

	channel model
	ETU 3km/h 5 MHz, ETU 120km/h 5 MHz, 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

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Note: And we applied joint ML detector (A/N information is detected using both RS and data symbol jointly) which is explained in [4].
<Simulation results>
· ETU, 3km/h
<2 bit A/N performance>
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<3 bit A/N performance>
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<4 bit performance>
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· ETU, 120km/h
<2 bit A/N performance>
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<3 bit A/N performance>
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<4 bit A/N performance>
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· EPA, 3km/h
<2 bit A/N performance>
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<3 bit A/N performance>
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<4 bit A/N performance>
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