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1. Introduction
In uplink, it is considered that reference signal for demodulation is transmitted with the same bandwidth (BW) as that of shared data or non-data associated control signal. However, since non-data associated control signal is transmitted in narrowband, the length of reference signal for non-data associated control signal demodulation is very small. 
In this contribution, we propose reference signal multiplexing for non-data associated control signal to increase the number of usable CAZAC sequences.
2. Number of usable CAZAC sequences

As agreed in RAN1#46, CAZAC (Zadoff-Chu) sequence is used as reference signal pattern for uplink [1]. The number of usable CAZAC sequences is equal to code length L-1 in case of L is the prime number. Therefore, the number of usable CAZAC sequences becomes smaller as BW allocated to reference signal becomes smaller. Currently, it is considered that ACK/NACK is 1-4 bit [2] and CQI is 10-30 bits [3]. Since information of ACK/NACK is very small, the number of usable CAZAC sequences becomes small. 
3. Transmission BW of non-data associated control signal
Data-non-associated control signal consists of ACK/NACK and CQI at least. The transmission BW of ACK/NACK is small, and ACK/NACK should be transmitted in every TTI to respond downlink shared data immediately. On the other hand, transmission BW of CQI is larger than ACK/NACK. In terms of signaling overhead, CQI doesn’t need to be transmitted in every TTI. Hence, each UE needs to change information that is included into non-data associated control signal by a TTI. It is assumed that UEs that transmit ACK/NACK only, CQI only and both are multiplexed within a TTI. In short, non-data associated control signals with 3 kinds of BW are intermingled within a TTI.
Note that UE that is allocated shared data channel transmits non-data associated control signal within the shared data BW to maintain low PAPR feature of single-carrier transmission. Moreover, UE that transmits both ACK/NACK and CQI should transmit ACK/NACK and CQI with the successive frequency band to avoid multi-carrier transmission.
4. Principles for reference signal multiplexing scheme

The principles of reference signal multiplexing scheme that we propose are as follows.
· Data-non-associated control signals for several UEs are grouped together and multiplexed by FDM. 

· Reference signals are multiplexed by CDM over the same BW as that grouped non-data associated control signals for several UEs. 
In our proposal, since reference signals are transmitted over the same BW as that grouped non-data associated control signals for several UEs, the number of usable CAZAC sequences can be increased. 
As agreed in RAN1#46bis, shared data and non-data associated control signal are multiplexed by localized FDM. Hence, reference signals for shared data and non-data associated control signal are completely separated by FDM. Since distributed FDM isn’t necessary for multiplexing of reference signal for control signal demodulation, the number of CDM UEs doesn’t decrease. The maximum number of CDM UEs for non-data associated control signal becomes about 4.
 Fig. 1 shows an example of frame structure. 2 ACKs/NACKs and 2 CQIs are grouped and multiplexed by localized FDM. Fig. 1 shows an example that reference signals for 3 UEs (UE that transmits ACK/NACK, UE that transmits CQI and UE taht transmits both) are multiplexed by CDM. Since UE that transmits ACK/NACK is allocated to the BW as that grouped ACKs/NACKs and CQIs, the number of usable CAZAC sequences doesn't become small. To obtain frequency diversity gain, frequency hopping (FH) can be also utilized instead of distributed FDM. For the same sizes of resource blocks, CDM [5] is also applicable.
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Fig. 1 An example of frame structure
Table 1 and 2 show the number of usable CAZAC sequences. In table 1, we assume that 1RB is reserved for transmission of ACKs/NACKs and CQIs in a TTI within 5MHz. In this case, 2 sub-carriers per a LB for ACK/NACK and about 4 sub-carriers per a LB for CQI are utilized, respectively. In table 2, we assume that 2RBs are reserved for transmission of ACKs/NACKs and CQIs in a TTI within 5MHz. In this case, 4 sub-carriers per a LB for ACK/NACK and about 8 sub-carriers per a LB for CQI are utilized, respectively. In conventional scheme, reference signal is transmitted with the same BW as that of non-data associated control signal. On the other hand, in multiplexing scheme of our proposal, reference signal for each UE is transmitted with the same BW. 
Compared to the conventional multiplexing, the number of usable CAZAC sequences increases with applying reference signal multiplexing of our proposal. Where, conventional scheme is assumed that reference signal for demodulation is transmitted with the same bandwidth (BW) as that of non-data associated control signal. In our proposal, the number of usable CAZAC sequences can be increased since reference signals are transmitted over the same BW as that grouped non-data associated control signals. Our proposal provides 4-10 CAZAC sequences. Further increase of usable CAZAC sequences with additional schemes may be required. If the number of usable CAZAC sequence is not enough, co-ordination and/or randomization [4] will be required anyway.

Table 1 Number of usable CAZAC sequences (1RB)
	
	Number  of sub-carriers for control signal per a LB
	Length of CAZAC sequence
	Number  of usable  CAZAC sequences
	Reference signal BW (kHz)

	Conventional*
	2 / 4 / 6
	1 / 2 / 3
	0 / 1 / 2
	30/60/90

	Proposal 
	12
	5
	4
	150


Table 2 Number of usable CAZAC sequences (2RB) 
	
	Number  of sub-carriers for control signal per a LB
	Length of CAZAC sequence
	Number  of usable  CAZAC sequences
	Reference signal BW (kHz)

	Conventional*
	4 / 8 / 12
	2 / 4 / 5
	1 / 2 / 4
	60/120/150

	Proposal 
	24
	11
	10
	330


* In conventional scheme, ACK/NACK / CQI / ACK/NACK+CQI are represented, respectively. 
5. Conclusion
In this contribution, we propose reference signal multiplexing scheme for non-data associated control signal to increase the number of usable CAZAC sequences. The multiplexing scheme provides 4-10 CAZAC sequences. If the number of usable CAZAC sequence is not enough, co-ordination and/or randomization will be required anyway.
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