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1. Introduction

In this contribution we study the performance of different combinations of multiplexing users with ACK/NACK or CQI into the same frequency resource using DFT-S-OFDM based CQI scheme.

2. Background
In the 3GPP RAN WG1 meeting #48bis in Malta the basic structure of PUCCH for ACK/NACK signals was selected. The structure containing three reference symbols/slot is presented in Figure 1. In order to increase the number of simultaneous users the structure combines two types of CDM:
· Cyclic shifts of modulated ZC sequences within long blocks

· Orthogonal covering using e.g. DFT or Walsh spreading between LBs 
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Figure 1. UL control channel slot structure agreed in Malta meeting. The placement of the three reference symbols is for illustrative purposes only 
3. DFT-S-OFDM for CQI transmission
The use of DFT-S-OFDM for transmitting the CQI on PUCCH has been proposed in e.g. [1]. In order to allow for multiplexing UEs with ACK/NACK or CQI the slot structure can be modified to support 3 RS. Especially for the narrow band cases like the “1.25 MHz” option, to avoid large overhead it is beneficial to be able to transmit both ACK/NACKs and CQIs in the same RB. However, with larger bandwidths it makes sense to allocate separate resources (RBs) for ACK/NACK and CQI. In that case the number of RSs could be other than three. 
The basic principle of DFT-S-OFDM in depicted in Figure 2. The idea is to keep the same RS structure as in ACK/NACK-only case to enable orthogonal transmission of reference symbols. Compared with the ACK/NACK-only case the difference is that the CDM is performed using only orthogonal covering (block spreading). This allows us to transmit 12 symbols per slot, corresponding to 48 bits/subframe using QPSK modulation. In practice, as shown in [2] the number of bits in the CQI word could be in the range of 5 to 20 depending on the encoding and channel conditions.

[image: image2]
Figure 2. The principle of DFT-S-OFDM used for CQI transmission

When mixing users with ACK/NACK and CQI together, the number of supported UEs depends mainly on the number of reference symbols available. Assuming six out of 12 cyclic shifts within LBs can be utilized there are reference symbols available for up to 18 UEs. The maximum number of multiplexed users is listed in Table 1. For example, if one out of four block spreading codes is allocated for CQI, we still have (4-1) * 6 = 18 orthogonal resources available for ACK/NACKs (and 17 RS code resources). Hence, with DFT-S-OFDM it is in principle possible to support 17 UEs with ACK/NACK and one UE with CQI simultaneously.
Table 1: The maximum number of multiplexed UEs with DFT-S-OFDM based CQI transmission.

	Number of users with CQI
	Number of users with ACK/NACK

	0
	18

	1
	17

	2
	12

	3
	6

	4
	0


4. Simulations
In order to study the flexibility and performance of simultaneous transmission of ACK/NACKs and CQIs from different UE two types of simulations were performed:
· ACK/NACK error rate in the presence of CQI interference

· CQI BLER in the presence of ACK/NACK interference

Table 2. Simulation parameters

	Number of information bits
	10

	Channel
	TU  (30 and 120 km/h)

	Number of pilot sequence LBs
	3

	Channel code
	(48,10) block code for CQI

	Modulation
	QPSK

	Transmission bandwidth
	180 kHz

	Frequency hopping
	At the slot boundary
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Figure 3. ACK/NACK error rate with CQI interference
The ACK/NACK error rate vs. SNR curves for the UE speeds of 30 and 120 km/h are shown in Figure 3. It can be seen that the orthogonality is well maintained and the degradation due to intra-cell interference (CQI) is only in the order of one dB or less.
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Figure 4. The performance of 10-bit CQI in TU channel with different number of CQIs and ACK/NACKs.
The impact of intra-cell ACK/NACK interference on CQI performance has been presented in Figure 3. It can be seen that all the CQI and ACK/NACK combinations listed in Table 1can be utilized. With the UE speeds of 30 and 120 km/h there’s only minor degradation (around half a dB) due to interference from ACK/NACK. 
5. Conclusion

We have studied the multiplexing capability of DFT-S-OFDM based CQI transmission in the PUCCH. Following conclusion can be made:
· The ACK/NACK performance curves show that the loss due to CQI interference is only about one dB or less
· From the CQI performance point of view it can be concluded that the multiplexing combinations listed in Table 1 can be utilized without significant performance losses (around half a dB)
Based on the simulation result it can be concluded that CQI and ACK/NACKs can be flexibly multiplexed into same frequency resource without a loss in performance.

Bearing in mind the need for larger CQI sizes we propose to adopt DFT-S-OFDM as the transmission method for CQI on the PUCCH.
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