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1 Introduction
Two types of L1 and L2 control-signaling information are identified in 3GPP TR 25.814:

· data-associated signaling (e.g., transport format and hybrid ARQ information), which is associated with uplink data transmission, and

· data-non-associated signaling (e.g., CQI and/or ACK/NACK due to downlink transmissions, and scheduling requests for uplink transmission).

The L1 and L2 control-signaling information can either be time-multiplexed with data or frequency-multiplexed. The current assumption is that time-multiplexing is used for both data-associated signaling and data-non-associated signaling. However, the possibility for multiplexing of data-non-associated control signaling with data channel by exclusive frequency resource, i.e., frequency-multiplexing, is FFS.

The TR 25.913 states:

… E-UTRA should support the following deployment scenarios in terms of maximum

cell range:

-            up to 5 km: performance targets defined in clause 7.1, 7.2, and 7.3

should be met.

-            up to 30 km: slight degradations in the achieved performance for the targets defined in clause 7.1 and more significant degradation for the targets defined in the clause 7.2 is acceptable however mobility performance targets defined in clause 7.3 should be met.

-            up to 100 km: should not be precluded by the specifications.

Therefore, E-UTRA link budget should support fairly large cell radius in order to meet the performance targets. Link budget issue with TDM multiplexing of ACK/NACK was identified in contributions [1] [2] for TSG-RAN WG1 #44-bis meeting. In this contribution we describe some potential FDM formats for ACK/NACK signalling multiplexing that can provide overall larger link budget support relative to the TDM approach.
2 ACK/NACK Multiplexing

2.1 TDM Multiplexing
An example of uplink subframe structure using TDM ACK/NACK approach is shown in Figure 1. This structure is referred to as Localized TDM in [2]. The ACK/NACK signal is repeated 12 times and carried over 6 QPSK symbols. Three pilot subcarriers in the first SB are used for channel estimation. In this case, the ACK/NACK signal is transmitted within a long block of duration, T=66.6s. We will use this structure as the baseline for comparison against various FDM ACK/NACK formats.
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Figure 1: An example of TDM ACK/NACK
2.2 FDM Multiplexing
In case of ACK/NACK frequency division multiplex (FDM), the ACK/NACK signal can be carried continuously within a subframe.  However, for coherent demodulation of ACK/NACK signals, additional reference symbols needs to be transmitted. This is due to the fact that ACK/NACK on the uplink corresponds to downlink hybrid ARQ and ACK/NACK signal needs to be transmitted even when there no uplink data and hence no uplink reference signal on the uplink. In all the formats, we assume that ACK/NACK signal can be transmitted independently of any other control or data on the uplink. In addition, ACK/NACK signal can use those short blocks overlapping with the frequency resource used for the ACK/NACK signal as reference signals. Many potential ACK/NACK FDM formats are therefore possible. However, for simplicity we consider three examples of localized FDM formats. The goal is to demonstrate the potential link budget improvements due to FDM formats.
2.2.1 Format FDM-A 
An example of uplink ACK/NACK channel structure using a localized frequency-multiplexing approach is shown in Figure 2. The ACK/NACK signal is transmitted over 6 long blocks each of duration T=66.6s. In addition, one short block is used for reference signal transmission for ACK/NACK. Therefore, the total energy that can be carried for a given transmit power P is 6.5xPxT Joules in this case. In the example of Figure 2, we show two ACK/NACK channels. Each channel uses one pilot symbol in either the first short block or the second short block. Note that different color in the figure represents different UEs.
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Figure 2: Localized ACK/NACK with 6 ACK LBs and 1 pilot SB
2.2.2 Format FDM-B
In FDM format B (FDM-B) shown in Figure 3, two additional long blocks are used as reference signal. Therefore, four ACK symbols and a total of three reference symbols are carried.
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Figure 3: Localized ACK/NACK with 4 ACK LBs and 2 pilot LBs+1 pilot SB

2.2.3 Format FDM-C 
In FDM format C (FDM-C) shown in Figure 4, pilot symbols are carried in parallel with the ACK/NACK signal in all the six long blocks. Additionally, two short blocks carry the reference signal for ACK/NACK demodulation.
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Figure 4: Localized ACK/NACK with 6 ACK LBs and 6 pilot LBs+2 pilot SBs
3 Performance Results
3.1 Simulation parameters and assumptions
The detailed parameters are given in Table 1 and Table 2. 

Table 1 Parameters for Uplink Transmission Scheme
	Transmission bandwidth (MHz)
	Sub-frame duration (ms)
	Long block size
((s/samples)
	Short block size
((s/samples)
	CP duration
((s/samples)

	10
	0.5
	66.67/1024
	33.33/512
	(4.1/63) ( 7,

(4.62/71) ( 1*


*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot or data blocks and (x2/y2) for n2 pilot or data blocks
Table 2 Simulation assumptions
	System bandwidth
	10MHz

	IFFT size
	1024

	Number of used subcarriers
	600

	Propagation Channel
	SCM

	Channel Estimation
	Real CE

	Number of Rx. Antenna
	2

	UE Speed
	3 Km/h


3.2 Link Performance Comparison

The ACK/NACK link performance for various formats is shown in Figure 5. The probability of ACK to NACK error as a function of transmit power over received noise (P/N) is plotted for a fair comparison under transmit power constraint as is the case with the uplink. It should be noted that in FDM format C  total transmit power is equally shared between ACK signal and pilot. It can be noted that FDM format C can provide approximately 7dB gain over the TDM format. This gain mainly comes from the fact that the total ACK+pilot energy in case of FDM can be approximately 5 times larger than the TDM case (6LB+2SBs vs. 1LB+1SB). The performance of FDM format B that uses just one pilot symbol in the short block is not so good due to poor channel estimates.
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Figure 5 ACK/NACK link performance with real channel estimation
3.3 PAPR/CM Performance Comparison
The cubic metric performance for the various ACK/NACK formats considered is shown in Table 3. We show four different cases of power distribution between data and ACK/NACK + pilot. It can be noted that the case of 50-50% power distributions between data and ACK/NACK + pilot represents the worse case. The PAPR performance is given in Figure 6 for the case of 50-50% power distribution.
Table 3 Cubic Metric comparison for FDM-A, FDM-B, FDM-C, and TDM
	Format
	FDM-A
	FDM-B
	FDM-C
	TDM

	Cubic Metric [dB]
	25% Data power
	1.1
	1.1
	2.1
	1.0

	
	50% Data power
	1.8
	1.8
	2.3
	1.0

	
	75% Data power
	1.7
	1.7
	1.9
	1.0

	
	90% Data power
	1.4
	1.4
	1.5
	1.0
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Figure 6 PAPR performance for FDM-A, FDM-B, FDM-C, and TDM ACK/NACK formats
3.4 Cell Range Comparison
The cell range comparison for various ACK/NACK formats is provided in Table 3. The comparison is based on the pathloss model described in [3]. It can be seen that FDM format C can provide 57% increase in cell radius relative to a TDM format. In case where ACK/NACK and data transmission happens in parallel, FDM formats need additional power back-off. It can be seen that even after accounting for power de-rating due to increased cubic metric, FDM format C provides 45% larger cell range. Note that we assumed the worse case power de-rating of 50-50% power distribution between data and ACK/NACK + pilot.
Table 3 Cell range comparison for FDM-A, FDM-B, FDM-C, and TDM ACK/NACK formats
	Format
	FDM-A
	FDM-B
	FDM-C
	TDM

	P/N [dB] at 1e-3 ACK-> NACK Error
	25.3
	22.5
	21
	28.4

	P/N [dB] Gain relative to TDM
	3.1
	5.9
	7.4
	0.0

	Gain after accounting for power de-rating
	2.3
	5.1
	6.1
	0.0

	Cell Range Relative to TDM
	1.21
	1.44
	1.57
	1.0

	Cell Range after accounting for power de-rating
	1.15
	1.36
	1.45
	1.0


3.5 Further improvements in ACK/NACK Link Budget

The ACK/NACK link budget can potentially be further improved by dynamic allocation of the ACK/NACK channel from Node-B. When uplink channel quality estimates are available at the Node-B, for example for uplink frequency-selective multi-user scheduling, the Node-B can pick the uplink ACK/NACK channel that experiences relatively good channel conditions. The ID of the selected ACK/NACK channel can then be indicated to the UE in the scheduling information on the downlink. It should be noted that uplink ACK/NACK is to support downlink HARQ and scheduling control information accompanies transmissions on the downlink.  However, this kind of approach requires ACK/NACK channels defined every few resource blocks depending upon the number of ACK/NACK control channels needed as shown in Figure 7.  The number of ACK/NACK channels needed with dynamic allocation should be equal to the maximum number of UEs that can be scheduled simultaneously within a downlink subframe. The frequency separation should generally be such that different ACK/NACK channels experience relatively independent channel quality in a frequency selective channel.
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Figure 7: An example of uplink ACK/NACK channels spaced with some frequency separation                             for ACK/NACK channel scheduling

The link performance with dynamic allocation of the ACK/NACK channel from Node-B based on ACK/NACK channel quality is shown in Figure 8. We assumed six ACK/NACK channels with FDM-C format distributed uniformly over the total bandwidth. For simplicity, we assumed perfect channel quality knowledge of the ACK/NACK channels at Node-B. The link simulations assume a single user where in each subframe, the ACK/NACK channel with the best channel quality is selected. It can be noted that the dynamic ACK/NACK allocation scheme can provide around 10dB gain in link performance. 
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Figure 8 ACK/NACK link performance with real channel estimation
4 Summary
In this contribution, we addressed the issue of link budget associated with uplink ACK/NACK. We provided some FDM ACK/NACK formats that can potentially increase the overall cell range and coverage for the EUTRA system. Our observations are summarized  below:

· FDM format C can provide 57% increase in cell radius relative to a TDM format. In case where ACK/NACK and data transmission happens in parallel, FDM formats need additional power back-off. After accounting for power de-rating due to increased cubic metric, FDM format C still provides 45% larger cell range.
· The FDM format B that requires half the frequency resource than the FDM format C provides 36-44% increase in cell range relative to a TDM format.

· Further improvements in link budget and cell range are possible by dynamic allocation of ACK/NACK channels based on the ACK/NACK channel quality.

Since cell range and coverage are important attributes of the EUTRA system, we propose to adopt a frequency multiplexing approach for uplink ACK/NACK signalling.

A text proposals for TR 25.814 is provided in [4].
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