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Introduction

During RAN1#62, it has been agreed that:

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection
· For Rel-10 UEs that support more than 4 A/N bits: 
· Both PUCCH format 1b with channel selection and DFT-S-OFDM are supported

· PUCCH format 1b with channel selection up to 4 A/N bits

· DFT-S-OFDM for the full range of A/N bits
· UE is configured by higher layers between DFT-S-OFDM and PUCCH format 1b with channel selection

However, for LTE-A TDD, it is still open that for UL ACK/NAK feedback: what is the maximum ACK/NAK payload size to be supported in LTE-A TDD?
In this paper, we provide evaluation results and present our views on this topic accordingly.

Discussion
For LTE-A TDD, the maximum ACK/NAK payload size to be supported is still FFS. In our opinion, related maximum ACK/NAK payload size should be justified based on the analysis of following:
· SINR requirements and the impacts on UL coverage.

· DL throughput benefits.

· Potential standardization efforts and implementation complexity.

For maximum ACK/NAK payload size in TDD, the following options have been discussed during RAN1#62:
· Option 1: up to 20-bit ACK/NAK bits are supported.

· Mandatory or RRC-configured ACK/NAK spatial bundling is necessary at least in some cases.

· Further ACK/NAK bundling is needed for e.g. TDD 9DL:1UL configuration.

· Option 2: keeping ACK/NAK overhead to be up to e.g. 12 bits.
· Mandatory or RRC-configured ACK/NAK spatial bundling is necessary at least in some cases.

· ACK/NAK partial bundling is applied when needed.
In the following we will discuss on these options from both performance and standardization effort point of view. 
SINR Requirements and UL Coverage
The SINR requirements of different ACK/NAK payload sizes clearly depend on the way of encoding the ACK/NAK bits. 

· Regarding up to 12 bits ACK/NAK payload in TDD, we noted that, during LTE Rel-8 discussions, there has been (32, K) codebook proposal to support up to 14 bits as in [1]. And the (32, O) codebook adopted in LTE Rel-8, which is also the encoding method for FDD ACK/NAKs on DFT-s-OFDM [2], is just a sub-codebook of the above mentioned (32, K) codebook. In this sense, the most straight forward way to encode up to 13 ACK/NACK bits is to re-use this (32,K) codebook with the last column removed, which is as shown in the Table 1 in Appendix. 
· For more than 12-bit and up to 20-bit ACK/NAK payload, the following two schemes have been discussed:
· Rel-8 Tail-biting Convolutional encoding (TBCC) without CRC bits.

· Dual-RM encoding:
· ACK/NAK bits are divided into two blocks with up to 10-bit per each block.
· Each block is encoded with (32, O) RM code and is then punctured the last 8 encoded bits, which results in 24 encoded bits per block
· Modulated symbols from two blocks are interleaved and carried by DFT-s-OFDM.
The link performance of these encoding methods has been evaluated and the results are summarized in Table 1 below. The simulation assumptions are given in Table 2 in Appendix. The 12-bit RM codebook is according to Table 1 in the appendix. From Table 1 below it can be observed that:
· Extra link budget for 20-bit TBCC is 8.4dB in comparison with 12-bit RM encoding.

· Extra link budget for 20-bit dual RM is 4.6dB in comparison with 12-bit RM encoding 
· Table 1 SNR requirements of related ACK/NACK encoding methods

	Encoding method 
	Required SNR for
Pr{N→A} = 1E-3 
	Required SNR for
Pr{A→N/D} = 1E-2 
	Required SNR 
	Extra Link Budget

	12-bit RM 
	-1.9dB
	-3dB
	-1.9dB
	0dB

	20-bit Dual-RM 
	2.7dB
	-0.7dB
	2.7dB
	4.6dB

	20-bit TBCC 
	6.5dB 
	1dB 
	6.5dB 
	8.4dB


Furthermore, to evaluate the impacts on UL coverage, the PUCCH SINR geometry is given in Figure 1 below. The system level simulation assumptions for evaluating the geometry are aligned with those in [3]. 
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(a) 3GPP case 1, ISD=500m







(b)3GPP case 3, ISD=1732m
Figure 1 PUCCH SINR geometry
Based on SNR requirements and PUCCH SINR geometry, Table 2 summarizes the number of UEs that support different encoding methods in average
Table 2 The percentage of UEs supporting the different encoding methods

	Application Scenario
	12-bit RM
	20-bit Dual-RM
	20-bit TBCC

	Case 1
	70%
	<7%
	<5%

	Case 3
	55%
	<7%
	<5%


From the above discussions we have the following observations and proposal
Observations

· In comparison with 20-bit ACK/NAK feedback (for both TBCC and dual-RM encoding), ACK/NAK partial bundling can significantly improve the link budget of ACK/NAK feedback for LTE-A TDD.
· The use case of 20-bit ACK/NAK feedback is limited (less then 7%)
Proposal:
· For DFT-s-OFDM with payload size no more than 13 bits in TDD, the (32, O) RM code with circular buffer rate matching is adopted.

· ACK/NAK partial bundling is adopted in TDD to improve the link budget of ACK/NAK feedback.

DL Throughput Benefits
DL throughput loss between different ACK/NAK payload sizes depend on the number of configured CCs in frequency domain, DL/UL ratio in time domain, and also the number of assignments scheduled to a given UE. To evaluate the exact DL throughput loss due to ACK/NAK partial bundling, system level simulations are conducted based on following assumptions:
· 12-bit ACK/NAK feedback: CC-domain partial bundling is adopted to generate 3 ACK/NAK bits per DL subframe as shown in Figure 2.

· 20-bit ACK/NAK feedback: 1 ACK/NAK bit is generated per assignment.

· 4DL:1UL in time domain. 5 configured CCs in CC domain.
· ACK/NAK spatial bundling is always applied.

· Detailed system parameters are shown in Table 3 in Appendix. 

From the simulation results provided in Figure 2, it’s observed that:

· In comparison with 20-bit ACK/NAK feedback, DL throughput loss of 12-bit ACK/NAK feedback with partial bundling is around 5% for both cell average and cell edge cases.

[image: image3.emf]DAI=0 DAI=1 DAI=0

DAI=1 DAI=0

DAI=1 DAI=0

DAI=1 DAI=0 DAI=0

ACK/NAK

Time domain (Unit: DL subframe)

C

C

 

d

o

m

a

i

n

 

(

U

n

i

t

:

 

C

C

)

Bundling Bundling Bundling Bundling

Bundling Bundling Bundling Bundling

ACK/NAK ACK/NAK ACK/NAK

ACK/NAK ACK/NAK ACK/NAK ACK/NAK

ACK/NAK ACK/NAK ACK/NAK ACK/NAK

    [image: image4.png]Throughput (kbps)

3000

2437 2555
2500
2000
1500
1000 853 897 H Cell-Average
B Cell-Edge

500 -

0

CC-domain bundling Multiplexing
(12-bit) (20-bit)

ACK/NAK Feedback Scheme (Overhead)





Figure 2 DL throughput evaluation
(left: CC-domain partial bundling. right: throughput comparison)
Observation:

· In comparison with 20-bit ACK/NAK feedback, the DL throughput loss due to partial bundling (with up to 12 bit A/N feedback) is small.
Given the above observation and together with the link budget analysis in the previous section, we conclude that the extra link budget requirement for supporting up to 20 ACK/NAK bits in PUCCH is not justified by any important use case. In the following the potential standardization and implementation efforts are further considered for the ACK/NAK schemes. 

Standardization Efforts

For 20-bit ACK/NAK feedback, TDD-specific ACK/NAK encoding needs be defined. Dual RM encoding as discussed previously requires specification effort in terms of ACK/NAK bits partitioning, joint interleaving of the two coded blocks. On the other hand dual RM will lead to extra implementation effort for both eNB and UE sides, e.g., due to DFT operation over the modulated symbols from both RM blocks, dual RM requires detection to be carried out in the time domain instead of more straightforward frequency domain ML detection for the case of a single RM code. 
Furthermore, the performance of up to 20-bit ACK/NAK on PUSCH should also be evaluated carefully, which means additional standardization efforts in such case.

With ACK/NAK spatial bundling, UL ACK/NAK overhead in LTE-A TDD is shown in Table 3, where N is the number of CCs in frequency domain, and M is DL/UL ratio in time domain. Based on Table 3, one observation is that the number of ACK/NAK bits to be supported in LTE-A TDD will not exceed 12 bits except for some extremely DL heavy cases (with gray background colour). This further limits the use case of such means the use cases for such TDD-specific encoding scheme on top of the discussions in the previous sections. 

Table 3 ACK/NAK overhead

	
	M=1
	M=2
	M=3
	M=4

	N=1
	1
	2
	3
	4

	N=2
	2
	4
	6
	8

	N=3
	3
	6
	9
	12

	N=4
	4
	8
	12
	16

	N=5
	5
	10
	15
	20


Conclusions
In this paper, we discussed maximum ACK/NAK payload size to be supported in LTE-A TDD, and observed that:
· In comparison with 20-bit ACK/NAK feedback (for both TBCC and dual-RM encoding), ACK/NAK partial bundling can significantly improve the link budget of ACK/NAK feedback for LTE-A TDD.
· In comparison with 20-bit ACK/NAK feedback, the DL throughput loss due to partial bundling (with up to 12 bit A/N feedback) is small.
· The standardization and implementation efforts to support up to 20-bit ACK/NAK feedback can not be neglected, considering e.g., TDD-specific encoding design and the case of multi-A/N on PUSCH.
Based on this, we propose that:

· ACK/NAK partial bundling is adopted in LTE-A TDD
· For DFT-s-OFDM with payload size no more than 13 bits in TDD, the (32, O) RM code with circular buffer rate matching is adopted.
· 13-20 ACK/NAK payload size in LTE-A TDD is FFS, and related use cases should be first justified.

In one accompanying paper [4] we further discuss on the ACK/NAK partial bundling methods and show our preference. 
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Appendix

Table 1 (32, 13) codebook
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 2 Link level simulation assumptions
	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz 

	channel model
	ETU 3km/h 5 MHz

	frequency hopping
	at slot boundary

	antenna setup
	1Tx, 2Rx 

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	Decoding method
	For RM and dual RM joint RS and data ML is carried out (ML per block if more than one)

For TBCC Viterbi decoding is utilized. 

	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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Table 3 System level simulation assumptions

	TDD configuration 
	UL/DL Configuration 2 (DSUDD DSUDD)

	CC configuration 
	All UEs are statically configured 5x5MHz. The number of scheduled CCs/per UE/per Subframe is dynamically determined by eNB.

	CC correlation 
	Independent CCs 

	Simulation scenario 
	3GPP Macro case 1

	Fast fading model 
	TU 

	Transmission scheme 
	2x2 MIMO, dual stream with rank adaptation 

	A/N spatial bundling 
	Enabled 

	Packet Scheduler 
	Proportional fairness 
Per subframe scheduling 
Independent scheduling per CC 

	CQI feedback 
	Full reporting; 1dB error for both measurement and quantification; 2ms delay, 5ms period; Per-CC CQI report 

	First Tx BLER target 
	10%

	The number of UEs per sector 
	10

	PDCCH error model 
	Fixed BLER = 5%, ideal DAI encoding (no DTX->ACK error due to DAI encoding)

	PDCCH Tx 
	w/o cross-CC scheduling 
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