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1. Introduction

In order to achieve high system efficiency for E-UTRA, control overhead must be kept to a minimum.  In addition, because the control channel must be decoded reliably without the benefit of H-ARQ, appropriate power allocation and MCS selection are crucial to control channel performance. This contribution proposes the control channel structure for OFDMA downlink with the goal of minimizing control overhead while ensuring reliable decoding performance.
2. Control Channel Design
The downlink control channel contains information necessary for the demodulation of the downlink data stream, as well as information necessary for uplink transmission.   Important issues that must be considered in control channel design include appropriate choice of modulation and coding, inter-cell interference and performance for users the edge of the cell, performance with realistic channel estimation, support of UE micro-sleep feature, etc.   In addition, control information for UEs may be combined together to achieve some coding gain and reduce overhead, or separated per UE to allow flexibility in power allocation.  In light of these issues, the following techniques are proposed for E-UTRA control channel design:
· Main control channel is time-division multiplexed to enable micro-sleep mode.  

· Control and reference/pilot information are sent on the first and second OFDM symbols to provide good channel estimation for the control channel and enable micro-sleep mode.  The order of TDM pilot and control is TBD.

· Additional control information (e.g. MIMO implementation specifics) is sent with the bearer.  The presence of additional control information is signaled using the main control channel.  The length of the additional control information is of fixed length or is inferred by the settings of the main control fields.
· Two frequency reuse regions for the TDM control part:

· 1x1 frequency reuse for users not at the cell edge.

· 1x3 frequency reuse for cell-edge users.  The use of 2x3 frequency reuse is FFS.
· Multiple AMC control regions where each region uses different modulation and coding rate to transmit control information for the main control channel.  The region size may be fixed beforehand, or dynamic for greater flexibility if additional signaling or speculative decoding is used.  This enables higher modulation and coding to be used for user with good reception, thus minimizing the number of required sub-carriers.
· Joint coding of users’ control information with similar received powers in the same AMC region to minimize coding and CRC overhead.  Together with multiple AMC regions, this allows a hybrid implementation of common and dedicated control information signaling.
· VoIP UEs may be assigned reduced control information set to support greater number of UEs scheduled per TTI. This could be treated as just another AMC control region where perhaps VoIP control regions occur after non-VoIP control regions in the control OFDM symbol.

The following fields are provided as an example of per UE control fields [1]:

Table 1.  Control Information Fields for Downlink per UE.

	Field
	No of Bits

	
	Downlink
	Uplink

	Resource Block Assignment
	12
	9

	Distributed or Localized
	1
	1

	Smart Antenna Field
	2
	2

	Modulation Specifier
	2
	2

	HARQ Redundancy Version and New Data Indicator
	3
	3

	Paging Indicator
	TBD
	N/A

	Additional Control Indicator
	1
	N/A

	Power Control
	N/A
	1

	Scheduling Info
	N/A
	TBD

	Timing Advance
	N/A
	TBD


3. Control Channel Example
Figure 1 provides an example of the control channel structure and UE operations for the 5MHz bandwidth OFDMA downlink system.  Note that this example is provided to illustrate the proposed concepts only, and not intended as a proposed structure.  In this example, the 300 available sub-carriers are divided into 12 sub-bands with each sub-band comprising of 25 tones (or 375 kHz).  Three sub-bands are reserved for 1x3 frequency reuse for cell-edge user, while the remaining sub-bands use 1x1 frequency reuse.  The regional assignment shown in Figure 1 is logical only since we may derive some diversity benefit from distributing the control sub-carriers across the symbol.  This sub-carrier distribution may follow the same allocation rules as distributed data channel (FFS).
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Figure 1.  Control Channel Example.
In this example, there are four AMC regions available with each region corresponding to a different (MCR) modulation and coding rate (e.g. QPSK R=1/4, QPSK R=1/2, 16-QAM R=1/2, 16-QAM R=3/4) for control information encoding and modulation.   In this case, the regions are fixed and known to the UEs.  However, they may also be allocated dynamically at the expense of either additional UE complexity if blind or speculative decoding is used or additional control overhead to explicitly indicate which regions are active and their order in the OFDM control channel symbol.  Within each AMC region, control information for one or more UEs is present.  That is, UEs can singly or group wise be assigned to a control channel with an MCR that allows reliable reception given the CQI associated group.  To further improve efficiency it is possible to jointly encode all the UE’s control information together and allow each UE to determine its control channel payload by use of UE IDs.  Given there can be multiple control channels per TTI each with a different MCR, then it is necessary for the UE to speculatively decode each control channel to see if that control channel is targeted for it based on detection of a UE ID.  Each UE may decode the AMC regions sequentially (similar to HS-SCCH decoding).
In addition, control channel may also be embedded in the data in order to provide additional information about the data stream that is not necessary present in all transmissions (e.g. MIMO implementation specifics, data QoS handling, etc.).  This control portion is embedded at the beginning of the assigned data region and encoded separately from the data using the same MCS as the AMC control region of that particular UE’s.  
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------------------------------------------- Start of Text Proposal  -----------------------------------------

Additional UE-specific reference signals are to be considered for dynamic beam forming

It should be possible to create multiple mutually orthogonal reference signals. 

· To support transmission using multiple TX antennas 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.

Means to have good correlation properties also between reference signals of cells of different Node B should also be considered.
7.1.1.2.3
Downlink control multiplexing

The downlink control channel contains information necessary for demodulation of downlink data stream and support of uplink transmission.  The control channel structure may support:
· Time-division multiplexing of the control channel. Control and reference signals are sent on the first and second OFDM symbol with the ordering TBD.

· Additional control information may be sent with the bearer. 
· Two frequency reuse regions for the control channel: reuse factor greater than 1 for cell-edge users, reuse factor of 1 for other users.  

· Multiple AMC control regions for the control channel with different modulation and coding rate in each region. 
· Joint coding of users control channel information in the same AMC region to minimize overhead.  

· Reduced control information set to support greater number of schedulable UEs.
------------------------------------------- End of Text Proposal -------------------------------------------





























































































































































































































































