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1 Introduction

In LTE, CQI feedback and ACK/NAK are considered for uplink non-data-associated control signals. Currently, multiplexing schemes for non-data-associated control signals are under discussion in RAN1. 

In RAN1 #46-bis, transmission principle for non-data-associated control signal was discussed and working assumption on the general principle was agreed.

· For transmission of control signal in the presence of data, multiplex control and data prior to DFT to preserve single carrier property.

· For transmission in the absence of data, reserved time-frequency resource is used.

In RAN1 #48bis, further progress has been made on the details of multiplexing scheme.

· For transmission of ACK/NAK, agreement has been made to support coherent reception with 3 RS blocks per slot. Combination of Zadoff-Chu sequence and Walsh covering scheme was agreed as the user multiplexing scheme [1].
· For control signals when both ACK/NAK and CQI are present, two types of CDM multiplexing schemes were presented [2, 3].
Our contribution on CDM multiplexing scheme was not treated during the meeting. In this contribution, we give updates on our scheme, taking into account key decisions and the discussion in the e-mail reflector. The proposed structure is characterized by
· Orthogonal block spreading in time-domain
· Two-stage spreading based on Walsh and CAZAC sequence
In the following section, we describe the details of CDM multiplexing structure, and the multiplexing capability of the proposed scheme. 
2 Multiplexing Structure

Notations shown in Table 1 are used in this section.
Table 1: Summary of notation.
	Notation
	Description

	P
	Number of modulation symbols per slot

	S
	Spreading factor

	L
	Number of long blocks per slot


2.1 Multiplexing Structure for Control and Data

Figure 1 illustrates the multiplexing structure for non-data-associated control signal and PUSCH. The reserved time-frequency resource is shared among users for control signal transmission. The frequency resource can be any integer multiple of physical resource blocks (PRBs) at the edge of UE bandwidth and the time resource is one TTI. Frequency hopping at the slot boundary is used for L1/L2 control signals. The hopping can be either within 10 MHz or 20 MHz bandwidth, depending on UE transmission bandwidth.
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Figure 1: Multiplexing structure for L1/L2 control signal.
2.2 CDM Structure

The proposed CDM multiplexing structure is shown in Figure 2. We assume QPSK modulation. The modulation symbols are spread by Walsh code, and further multiplied by orthogonal CAZAC sequence. For modulation symbol length P, spreading by Walsh code results in (PxSxL) samples. These samples are further scrambled with orthogonal CAZAC sequence of length (PxSxL). The signal is divided into blocks of length of RB allocation size and mapped to the DFT input. Zadoff-Chu CAZAC sequences are preferred over GCL sequence, due to large number of root sequences. Since the proposed scheme relies on the orthogonality throughout the entire slot, 3 RS blocks per slot are assumed.

2.3 Multiplexing Capability

If the number of LBs for PUSCH is L=4, and spreading factor is 4, the number of input symbols is P=12. Zadoff-Chu sequence length is 48 and by cyclic shift by 2, one can generate 24 orthogonal sequences. Table 2 illustrates comparison of basic parameters and the multiplexing capability of the proposed scheme and the structures considered in the e-mail discussion [4]. The table shows that the proposed structure allows flexibility in trading multiplexing capability and the number of modulation symbols. This can be useful for supporting different number of CQI bits, depending on whether wideband (4-5 bits) or narrowband (10-12 bits) CQI feedback is used.
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Figure 2: Multiplexing structure.
Table 2: Comparison of multiplexing capability (per slot).

	Structure


	Number of 

DM RS blocks

per slot
	Number of 
DM RS
	Number of users
	Modulation symbols 

	Structure A
	2
	6
	6

(Limited by Z-C cyclic shift)
	5

	Structure B
	3
	18
	1

2

4

(Limited by number of data blocks)
	48

24

12

	Proposed structure
	3
	18
	1

2

4

16

(Limited by the size of orthogonal 
transform smaller than 48)
	48

24

12

4


3 Summary

In this contribution, a CDM structure for non-data-associated control signal was proposed. The structure allows transmission of different number of CQI and ACK/NAK bits in the same time-frequency resource. Compared with the structures (Structure A and Structure B) discussed so far, the proposed structure allows more flexibility in the number of users and the number of modulation symbols. The maximum number of users that can be supported is increased to 16, while the minimum number of modulation symbols can be 4 bits. This can be useful for supporting both narrowband and wideband CQI feedback schemes. 
As a way forward, we propose to consider the described CDM scheme for further evaluation, before making decisions on the multiplexing scheme for non-data-associated control signals.
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