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1
Introduction
The resources occupied by the uplink ACK transmitted on PUCCH include RB ID, frequency domain CDM code (ZC cyclic shift) and time domain CDM code (orthogonal cover).
The implicit mapping of uplink ACK has two structures:

· Non-persistent scheduling mode
· Resources for ACK are implicitly mapped based on corresponding downlink PDCCH

· Persistent scheduling mode

· Resources for ACK are implicitly mapped based on corresponding downlink PDSCH RB ID

Given that ACKCH does not employ HARQ, a robust design should allow for coverage extension on the uplink control channels. For instance, in HSDPA, repetition is allowed on the uplink ACKCH (mapped on HS-DPCCH).

In this document, we discuss the need for uplink ACK repetition and the corresponding design of a repeated ACKCH for E-UTRA uplink.
2
The Need for Uplink ACK Repetition

In this section we provide the C/I distribution with different deployment scenarios as listed in [1] as well as the UL ACK performance with both normal and extended CP. It is observed that the C/I with cell edge users in D3 scenario dictate the necessity for the ACK repetition. 

The considered four different deployment scenarios are listed in Table 1.

	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model (dB)

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D2
	2 GHz
	500
	10
	30
	L = 128.1 + 37.6 Log10(R)

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D4
	900 MHz
	1000
	10
	3
	L = 120.9 + 37.6 Log10(R)


Table 1
Deployment Scenarios

The other E-UTRA reference parameters are given in Table 2.
	Scenario
	Max UE Pwr 
	UE antenna gain
	BS antenna gain + cable loss
	Node-B noise figure

	D1
	21 dBm
	0dBi
	14dBi
	5dB

	D2
	21 dBm
	0dBi
	14dBi
	5dB

	D3
	21 dBm
	0dBi
	14dBi
	5dB

	D4
	21 dBm
	0dBi
	14dBi
	5dB


Table 2
E-UTRA Reference parameters 

The received C/I at each eNB Rx antenna is a function of the UE location, antenna pattern, log-normal shadowing and the parameters specified in Table 1 and 2. It is also a function of the operating IoT.  
In the current LTE ACK design, each ACK occupies 12 sub-carriers in frequency and it spans 1ms in time. The corresponding C/I per sub-carrier with 95% coverage in 4 different deployment scenarios are listed in Table 3. The detailed C/I distribution is plotted in Figures A.1 to A.4 attached in the Annex A.
	Scenario
	IoT = 4dB 
	IoT = 6dB
	IoT = 8dB

	D1
	13.5dB
	11.5dB
	9.5dB

	D2
	23.5dB
	21.5dB
	19.5dB

	D3
	-6.5dB
	-8.5dB
	-10.5dB

	D4
	19.5dB
	17.5dB
	15.5dB


Table 3
C/I with 95% coverage – UL ACK/NAK channel
It can be observed that the C/I with 95% coverage with D3 is much lower compared with the other scenarios even when the operating IoT is as low as 4dB. This is due to the associated intra-site distance and the corresponding penetration loss.

The UL ACK performance has been extensively evaluated and the required SNR per sub-carrier are listed in Table 4 and 5 for both normal CP and extended CP. The detailed performances are listed in Figures B.1 to B.3 in the Annex B.
	Cases
	Required SNR per sub-carrier 
	Required SNR per sub-carrier 
	Required SNR per sub-carrier 
	Required SNR per sub-carrier 

	
	0.1% ACK to NACK – 12 UEs muxed  
	 0.01% ACK to NACK – 12 UEs muxed 
	0.1% ACK to NACK – 18 UEs muxed  
	 0.01% ACK to NACK – 18 UEs muxed 

	TU 3
	-7.2dB
	-4.3dB
	-7.2dB
	-4.3dB

	TU 350
	-7.2dB
	-4.3dB
	-6dB
	-3dB


Table 4
Required SNR per sub-carrier for normal CP
	Cases
	Required SNR per sub-carrier 
	Required SNR per sub-carrier 

	
	0.1% ACK to NACK 
	 0.01% ACK to NACK 

	VehB 3
	-4.8dB
	-1dB

	VehB 350
	-4.8dB
	-1dB


Table 5
Required SNR per sub-carrier for extended CP – 8 UEs are multiplexed in the same RB
Note the required SNR listed in Table 4 and 5 are with dual state receiver. With a tri-state decoding the required SNR to meet a certain target quality will be further increased.

In [2] it was agreed that the desired target quality requirements as guidelines for design of L1/L2 control channels are as given in Table 6.
	Event
	Target quality

	ACK miss detection (for DL-SCH)
	 (1e-2)

	DTX to ACK error (for DL-SCH)
	 (1e-2)

	NACK to ACK error (for DL-SCH)
	 (1e-4)

	CQI block error rate
	 FFS (1e-2 – 1e-1)


Table 6 Desired target requirements on UL control signalling

It can be observed from Tables 1 to 6 that in order to meet the desired UL control signalling quality for cell edge users, ACK repetition is needed.
3
Uplink ACK Transmission with Repetition
In Figure 1, we outline the structure with an exemplary number of HARQ processes (5) and no ACK repetition. The UE transmits ACK in the corresponding (RB ID, ZC cyclic shift, orthogonal cover) resources.

In Figure 2, we outline a structure wherein:
· Data packet is transmitted in HARQ process 0

· This data transmission is configured with a ACK repetition factor of 3

· Such a configuration is UE specific

· The corresponding ACK is repeated thrice

· The resources of ACK ( RB ID, ZC cyclic shift, orthogonal cover) are a function of:

· Downlink PDCCH or PDSCH (depending on non-persistent vs. persistent scheduling mode) ID

· Subframe ID in downlink and uplink

Therefore, the repeated ACK occupies different uplink resources (RB ID, ZC cyclic shift and orthogonal cover) during each repeated transmission, leading to a structure wherein the occupied ACK resources are a function of PDCCH or PDSCH RB ID and DL/UL subframe numbers.
[image: image1.jpg]PDSCH

ACKCH

10 ms Radio Frame

A

v





Figure 1
ACKCH – No Repetition
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Figure 2
ACKCH with Repetition

From Figure 2, we observe that different UEs with different repetition factors can coexist in the system.
· User scheduled on subframe 0 has a repetition factor of 3

· Users scheduled on subframe 1 has a repetition factor of 2
· User scheduled on subframe 2-7 have a repetition factor of 1
4
Summary

In this document, we show the necessity for UL ACK repetition in order to meet the desired target quality for cell edge users. We further propose the following structure for uplink ACK:

· ACK resources are implicitly based upon

· DL PDCCH (non-persistent scheduling mode) or PDSCH (persistent scheduling mode) ID

· Corresponding DL and UL subframe numbers

· Nominal resources used if

· UL subframe number = DL subframe number + Nominal HARQ turn-around timing at UE
· Corresponds to no repetition

· Other resources used if

· UL subframe number = DL subframe number + Nominal HARQ turn-around timing at UE + Repetition number

· Corresponds to repeated transmissions

· Repeated ACK transmissions occur in contiguous subframes for FDD

5
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Annex A

Annex A lists the detailed C/I distribution for the four evaluation link budgets.
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Figure A.1
C/I distribution with ACK/NAK, D1

[image: image4.emf]Per Tone C2I distribution with ACK/NAK Channel, d2
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Figure A.2
C/I distribution with ACK/NAK, D2

[image: image5.emf]Per Tone C2I distribution with ACK/NAK Channel, D3
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Figure A.3
C/I distribution with ACK/NAK, D3
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Figure A.4
C/I distribution with ACK/NAK, D4

Annex B

Annex B lists the detailed UL ACK performance with both normal and extended CP.
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Figure B.1. BER performance in GSM TU3 channel
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Figure B.2. BER performance in GSM TU350 channel
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Figure B.3. 8-user BER performance in VB-3 and VB-350 channels
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