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1. Introduction

In order to achieve high system efficiency for E-UTRA, control overhead must be kept to a minimum.  This contribution proposes the control channel structure for DFT-SOFDM uplink with the goal of minimizing control overhead while ensuring reliable decoding performance.
2. Control Channel Design
The uplink control channel contains information necessary for the demodulation of the uplink data stream, requesting resources for uplink data transmission and information necessary for scheduling and decoding downlink data transmission.  Important issues that must be considered in control channel design include appropriate choice of modulation and coding, inter-cell interference, reliable performance for users at the edge of the cell, performance with realistic channel estimation and efficient support of MIMO, SDMA etc.  As discussed in [1][2] and [3] control signaling for uplink can be grouped into following categories:
· Data associated control signaling which includes TFRI, HARQ redundancy version and whether the UL transmission uses MIMO/SDMA
· Data non-associated control signaling

· CQI and Ack/Nack related to downlink data transmission.
· Scheduling requests for uplink transmission
The following fields are provided as an example of per UE control fields:

Table 1.  Example of Control Information Fields for Uplink per UE.

	Field
	Uplink
	Type

	Transport Format Indicator
	6
	DATA ASSOCIATED

	HARQ Redundancy Version and New Data Indicator
	3
	

	Scheduling Request
	TBD
	DATA NON-ASSOCIATED

	CQI
	TBD
	

	Ack/Nack
	1
	


3. Control Channel Structure
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Figure 1
 shows the sub-frame format for the uplink which consists 6 long blocks (LB) and two short blocks (SB).  The SB is used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. Note that the data could include either or both of scheduled data transmission and contention based data transmission.
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Figure 1.  Sub-Frame Format for the Uplink
Three multiplexing combinations for the uplink pilot, data, and L1/L2 control signaling within a sub-frame are considered for a single UE:

· Multiplexing of pilot, data, and data-associated L1/L2 control signaling 

· Multiplexing of pilot, data, and data-associated and data-non-associated L1/L2 control signaling
· Multiplexing of pilot and data-non-associated L1/L2 control signaling
In the following paragraph the different categories of control signaling and its multiplexing options are discussed.
a. Data Associated Control Signaling:
As noted earlier, this kind of signaling consists of TFRI, HARQ redundancy version, etc. and is always multiplexed with the data as shown in Figure 2.  The bearer and data associated control is sent either using distributed or localized allocation.  The location of the data associated control signaling is known through either implicit or explicit signaling.  To reduce control overhead, at least two AMC regions (e.g. QPSK R=1/2 and QPSK R=1/4) are envisioned to send the data associated control based on implicit information regarding UE’s received signal strength (e.g. through scheduling grants from the Node B).
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Figure 2.  Multiplexing scheme.
b. Data Non-Associated Control Signaling
As suggested in [2], this type of signaling which consists mainly of scheduling requests for uplink transmission may be sent using contention based approach.  A pre-defined time-frequency region as shown in Figure 2 (Control for multiple UE’s) is used to send scheduling requests using a contention channel.  The pre-defined region may be reserved every sub-frame, every second sub-frame etc.  Either distributed or localized allocation can be used.
c. CQI and Ack/Nack Signaling when UE has no data to transmit
It may be noted that both Ack/Nack and CQI are independent of uplink data transmission.  The CQI can either be sent periodically or it can be trigger based.  The CQI may be sent on a reserved time-frequency resource as shown in Figure 2.  Each UE is designated an assignment within the reserved resource by the Node B.  An assignment can be unique or can be shared with other UEs either in a TDM/CDM fashion.

Ack/Nack may also be sent on a reserved time-frequency resource. Each UE is designated an assignment within the reserved resource by the Node B.  An assignment can be unique or can be shared with other UEs either in a TDM/CDM fashion.  
d. CQI and Ack/Nack Signaling when UE has data to transmit
Both CQI and Ack/Nack are multiplexed with the data which may be done via puncturing so as to maintain the low CM aspect of the DFT-SOFDM.
4. References

[1] 3GPP, R1-060155, InterDigital, “Scheduling and Multiplexing of CQI and Ack/Nack Feedback for Single Carrier FDMA in Evolved EUTRA Uplink”.
[2] 3GPP, R1-060111, Ericsson, “Uplink Control Signaling for EUTRA”.

[3] 3GPP, R1-060082, Samsung, “L1/L2 Control Signaling Multiplexing in Evolved EUTRA Uplink”.
------------------------------------------- Start of Text Proposal  -----------------------------------------

9.1.1.2.2
Multiplexing of L1/L2 control signaling
There are two types of L1 and L2 control-signaling information:

· data-associated signaling (e.g., transport format and hybrid ARQ information), which is associated with uplink data transmission, and

· data-non-associated signaling (e.g., CQI and/or ACK/NACK due to downlink transmissions, and scheduling requests for uplink transmission).

Furthermore, three multiplexing combinations for the uplink pilot, data, and L1/L2 control signaling within a sub-frame are considered for a single UE:

· Multiplexing of pilot, data, and data-associated L1/L2 control signaling 

· Multiplexing of pilot, data, and data-associated and data-non-associated L1/L2 control signaling 

· Multiplexing of pilot and data-non-associated L1/L2 control signaling 

In single-carrier FDMA radio access, time-domain multiplexing is used for the above-mentioned three multiplexing combinations as shown in Figure. 9.1.1.2.2-1, in order to retain the advantageous single-carrier feature with a low PAPR.

Figure. 9.1.1.2.2-2 shows a multiplexing scheme for L1/L2 control signaling, data, and pilot. In Figure 9.1.1.2.2-2(a), both data-associated and data-non-associated control signaling are time-multiplexed with data and pilot within the sub-frame. Furthermore, the data-associated and data-non-associated control signalings from multiple UEs are multiplexed in the frequency or/and code domains associated with multiple pilot channels. In Figure 9.1.1.2.2-2(b), the data-associated control signaling is time-multiplexed with data similar to the case in Figure 9.1.1.2.2-2(a). The data-non-associated control signaling can also be time-multiplexed with data if UE has UL data transmission. Meanwhile, the data-non-associated control signaling for UEs that transmits only the L1/L2 control, is multiplexed exclusively in a semi-statically assigned time-frequency region. The data-non-associated control signaling of different UEs is multiplexed using the frequency/time/code domain or a hybrid of them within the assigned time-frequency region. The exclusive time-frequency region can be separated into two frequency-time resources. First part can contain data-non-associated control signaling without user identification, e.g. ACK/NACK, and the second part can contain the one with user identification. The possibility for multiplexing of data-non-associated control signaling with data channel by exclusive frequency resource, i.e., frequency-multiplexing, is FFS.

The amount of overhead due to the L1 and L2 signaling and the exact mapping to the time-frequency resources needs further investigation. 
Data-associated control information is sent together with the data using the same transmission mode (distributed or localized).  To minimized control overhead, multiple modulation and coding regions are supported for data-associated control transmission.

Scheduling request is sent using a contention based method on a predefined time-frequency resource that is reserved periodically.

CQI and Ack/Nack signaling when UE has data to transmit 

· Both CQI and Ack/Nack are multiplexed with the data which may be done via puncturing so as to maintain low CM aspect of DFT-SOFDM.
CQI and Ack/Nack signaling when UE has no data to transmit 

· CQI is sent on a reserved time-frequency resource.  Each UE is designated an assignment within the reserved resource by the Node B.  

· Ack/Nack may also be sent on a reserved time-frequency resource with UE assignment by the Node B.  

------------------------------------------- End of Text Proposal -------------------------------------------





























































































































































































































































