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1. Introduction

This paper deals with DL ACK/NACK transmitted in the LTE UL. This is a resubmission of [5]. We concentrate on the case when the UE has both UL data and DL ACK/NACK signals due to the DL transmission.  So far, it has been agreed that control and data are multiplexed prior to the DFT. 
We are proposing some dimensioning principles for the ACK/NACK resource. The proposed dimensioning is based on the link and system level simulations.
2. Performance evaluation
We carried out link and system level performance evaluation in order to find out the proper dimensioning for the ACK/NACK signal multiplexed with UL data. 
2.1 Link level evaluation

Figure 1 shows the required SNR as a function of allocated symbol space per slot for the ACK/NACK signal multiplexed with UL data. BER target for the ACK/NACK signaling has been 1%. TDM type of multiplexing between data and ACK/NACK symbols have been assumed. Frequency allocation in this simulation was 1 RU (180 kHz). Link performance results have been obtained assuming practical FDE receiver and realistic channel estimation algorithms. Slot based frequency hopping was used when generating the link level results and it is assumed that the ACK/NACK symbols in the first slot of the subframe are repeated in the second one. These link results have been used as an input for the system simulator (see Section 2.2). It is further assumed that only hard decision is used at the receiver side. It is noted that use of soft decision will have positive impact to the ACK/NACK coverage.
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Figure 1. Required SNR for ACK/NACK BER as a function of allocated resources. 1 RU, TU 30 km/h, slot-based frequency hopping.
2.2 System level evaluation
This section presents the assumptions and results of the system simulations. The assumptions have been aligned to [3]. A network with 19 three-sector sites, i.e., in total 57 cells is assumed. The sites are positioned on a regular hexagonal grid.  Case 3 environment was considered with Inter-site distance (ISD) of 1732 m and penetration loss of 20 dB. Complete simulation assumptions are given in the Appendix. The system was assumed to be fully loaded with frequency reuse of 1/1. Furthermore the fractional SNR based intra-cell PC was assumed. CDF of the SINR distribution with the given assumptions is shown Figure 2.
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Figure 2. SINR distribution, Fractional PC, Case 3, 180 kHz, full load.
Taking into account both link performance shown in Figure 1 and SINR distribution shown in Figure 2  it can seen that about 33 % (24 data symbols/slot) of the data resources should be allocated to DL ACK/NACK transmission in order to guarantee 95 % availability for ACK/NACK at BER level of 1%.  On the other hand it can be seen that only 1 symbol allocation is needed to guarantee the 50 % availability.  Thus, in order to get reasonable overhead for ACK/NACK transmission, the resource size in symbols should scale according to average channel quality.  Otherwise, the ACK/NACK resource must be sized according to cell-edge conditions which lead to a significant loss in data payload.  For example, if we define two different sizes for the ACK/NACK resource, namely 4 and 24 symbols per slot corresponding to overhead of 5.5 % and 33 %, total average overhead is reduced from 33 % to 11 %. Here we assume that the control signalling is repeated in the second slot of the subframe in the same format to exploit the gain from the frequency diversity. This means that only 4 ACK/NACK symbols/slot need to be allocated for 80 % of UEs. Correspondingly, introducing more alternatives for the ACK/NACK resource size will reduce the overhead even further.  We also emphasize that the given numbers are just indicative because the SINR distribution depends also on the operation environment such as the used bandwidth, scheduling scheme, power control principle and the cell size.  
3. Multiplexing principle
Figure 3 shows the preferred multiplexing method between ACK/NACK and UL data. Multiplexing is done in symbol level. Same type of block spreading, which is used when ACK/NACK signals are transmitted without UL data [1] is applied also when ACK/NACK signal is multiplexed with UL data. One benefit of the block spreading is that it enables generation of multiple orthogonal control channels for UEs paired to operate in Virtual MIMO [4]. Figure 3 presents the case with SF=3, but as discussed in [1] SF values between 1 and 6 can be applied. The SF selection can be based on the average channel quality.  Furthermore, as shown in Figure 3, symbols allocated to ACK/NACK are repeated in the second slot of the subframe. This guarantees that frequency hopping gain is achieved when available.  
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Figure 3. Multiplexing example, ACK/NACK + UL Data, SF=3.
4. Summary 
This contribution illustrates the performance and our views related to the (DL) ACK/NACK multiplexing with UL data. The proposed way forward based on simulation results is shown below:
· Size of the physical resource allocated to control transmission  should scale according to channel quality in order  to minimize overall overhead from the control signalling
· Symbol space of the ACK/NACK resource scales with the modulation/ECR used in the shared data channel

· The multiplexing is done in symbol level

· Symbols allocated to ACK/NACK are evenly distributed between two slots of the subframe.
· Block spreading is used to adjust the quality of control signals transmitted with UL data.
· It is also noted that ACK/NACK bit to be transmitted should be mapped into same constellation used by the data symbols.  The constellations points having the highest power and the largest Euclidean distance should be selected for the ACK/NACK transmission [6].
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APPENDIX - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm 

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters
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