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1 Introduction

Uplink control signal is divided into two categories. These are ‘data-associated control signal’ and ‘non-data-associated control signal.’ Data-associated control signal refers to HARQ related parameters and TF indicators for the uplink data. Non-data-associated control signals are CQI feedback and ACK/NACK. 

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, multiplexing of control and data prior to DFT to preserve single carrier property.

· For transmission in the absence of data, reserved time-frequency resource is used.
Details of multiplexing scheme were not discussed in the meeting. So far, two types of multiplexing methods are considered in RAN1:

1. CDM [3-7]

2. FDM [6]

The advantage of using CDM is the availability of larger number of scrambling sequences, flexibility of scheduling, better coverage performance, PAPR/CM performance comparable to SC-FDMA transmission [7]. In addition, CDM structure allows autonomous transmission in the reserved time-frequency resources, without explicit scheduling of dedicated time-frequency resource for each user.

In this contribution, we propose a CDM multiplexing method in the context of SC-FDMA transmission scheme. The proposed CDM structure is characterized as follows:

· Use pre-allocated time-frequency resource for transmission of non-data-associated control signals

· Same sub-frame and TTI structure as UL-SCH

· Spreading by orthogonal CAZAC sequence

· Multi-code transmission with orthogonal CAZAC sequence for the same root CAZAC sequence for the same user

· CAZAC scrambling using multiple root CAZAC sequences

· Code multiplexing of reference signal with control signal by orthogonal CAZAC sequence is FFS.

In the following section, we describe the details of CDM multiplexing structure, and the transmitter structure for the proposed scheme.

2 Multiplexing Structure

Notations shown in Table 1 are used throughout the document.

Table 1: Summary of notation

	Notation
	Description

	P
	Number of symbols before spreading

	S
	Spreading factor

	L

M
	Number of long-blocks in a TTI

Number of multi-codes

	K
	Number of users in a cell

	N
	IFFT size

	Q
	Maximum delay spread of a channel profile


2.1 Multiplexing Structure for Control and Data

Figure 1 illustrates the multiplexing structure for non-data-associated control signal and UL-SCH. The reserved time-frequency resource is shared among users for control signal transmission. The frequency resource can be any integer multiple of physical resource block (PRB) within the UE bandwidth and the time resource is one TTI. Three options are possible for transmission resource in time. Option 1 shows the time-frequency resource with frequency hopping at the sub-frame boundary and Option 2 shows the time-frequency resource without frequency hopping. In the absence of frequency hopping, Option 3 shows the case without frequency hopping, where spreading and scrambling is done at the TTI level. Due to low latency requirements, retransmission is not always feasible for control signals. This limits the diversity for control signals. Frequency hopping would give some form of diversity. Option 1 provides some form of frequency diversity, therefore, it is a preferred time-frequency allocation scheme.
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Figure 1: Multiplexing structure for L1/L2 control signal and UL-SCH. (a) Option 1: Sub-frame frequency hopping (b) Option 2: No sub-frame frequency hopping (c) Option 3: No sub-frame frequency hopping

2.2 Transmitter Structure

Transmitter structure for the CDM structure is shown in Figure 2. The proposed CDM scheme allows reuse of SC-FDMA transmission. A switch is used to select either or CDM or SC-FDMA transmission schemes.  CDM transmission is based on CAZAC spreading, followed by interleaver and scrambler. Multi-code transmission is allowed by using orthogonal CAZAC sequences. The signal is further scrambled with CAZAC sequences. Different CAZAC sequence is used for different users in the cell. Alternatively, PN sequence can be used. The length of the scrambling code is (P x S) x L, where P denotes the symbol length, S denotes the spreading factor, and L denotes the number of LBs in a sub-frame. Alternatively, for Option3, scrambling is applied to the entire TTI, with the scrambling code length of (P x S x 2 L). It is noted the SC-FDMA transmission structure is reused for CDM transmission. 

Zadoff-Chu CAZAC sequences are preferred over GCL sequence, due to large number of root sequences. Figure 3 shows the mechanism to generate a set of orthogonal Zadoff-Chu sequence, by cyclic shift operation of the root CAZAC sequence. As long as the cyclic shift is longer than the maximum delay spread, the cyclic shifted sequences are orthogonal. 
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Figure 2: Transmitter structure.
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Figure 3: Generation of orthogonal CAZAC sequences.

2.3 Receiver Structure

A possible receiver structure for the proposed CDM scheme is shown in Figure 4. The reception of CDM structure requires additional processing to descramble, deinterleave, and despread the signal. It is noted that unlike W-CDMA receiver, the proposed CDM scheme does not require conventional multipath searcher, RAKE receiver and MRC. This is possible by using the sub-frame structure with Cyclic-Prefix and using SC-FDMA transmission. Therefore, CDM can be added to SC-FDMA with minimal increase in receiver complexity.
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Figure 4: Receiver structure.
2.4 Reference Signal Structure

Reference signal is required for coherent demodulation of the control signal. Distributed reference signal structure is needed. There are three options for the reference signal structure for control signal:

Option 1: Reference signal time multiplexed with control signal in the SB. This approach uses the same reference signal structure as in the UL-SCH.

Option 2: Code-multiplexing in the same time-frequency resource. This approach uses orthogonal CAZAC sequence for the same root sequence.

Option 3: I-Q multiplexing as described in [7]

Option 1 is a preferred approach for its simplicity. However, further study in channel estimation performance is needed for a particular choice of reference signal structure, allowed pilot-to-data power offset, and PAPR limitations. 

3 Summary

In this contribution, a code multiplexing structure for non-data-associated control signal was proposed. The structure allows transmission of CDM signal in the context of SC-FDMA transmission. 

The advantages of the proposed scheme are diverse:

· Better coverage performance than FDM

· Autonomous transmission of non-data-associated control signal is possible without explicit scheduling request or grant. This reduces scheduling overhead.

· Statistical multiplexing gain can be achieved when channel is not occupied all the time. 

· Further capacity increase is possible with interference cancellation.

The proposed CDM scheme can be generalized for transmission of scheduling request or short packet data. 

We propose to include the following in Stage 2 specification

· Use of reserved time-frequency resource (Options 1-3) dedicated to non-data-associated control signal transmission in the uplink.

· Proposed CDM structure for non-data-associated control signal transmission for further consideration.

If agreed, we would be happy to provide the corresponding text proposal.

4 References

[1] 3GPP TR 25.814 V1.2.2, “Physical Layer Aspects for Evolved UTRA,” March 2006. 

[2] 3GPP TR 25.913 V7.3.0, “Requirements for E-UTRA and E-UTRAN,” March 2006.
[3] R1-062742, “CDM-based multiplexing method of multiple ACK/NACK and CQI for E-UTRA uplink,” NTT DoCoMo, RAN1 #46bis, Seoul, Korea, October 9-13, 2006.
[4] R1-062867, “Uplink non-data-associated control signaling,” Ericsson, RAN1 #46bis, Seoul, Korea, October 9-13, 2006.
[5] R1-062868, “Uplink non-data-associated control signaling – additional details,” Ericsson, RAN1 #46bis, Seoul, Korea, October 9-13, 2006.
[6] R1-062841, “Multiplexing of L1/L2 control signaling when UE has no data to transmit,” Nokia, RAN1 #46bis, Seoul, Korea, October 9-13, 2006.
[7] R1-062516, “Synchronized random access design for E-UTRA,” Samsung, RAN1 #46bis, Seoul, Korea, October 9-13, 2006.
































































































1/6

_1223808814.vsd

_1223819543.vsd

_1223820351.vsd

_1223820860.vsd

_1223808860.vsd

_1223808773.vsd

