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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.  It may be noted that this is an updated version of our earlier contribution [1].
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 light of these issues, the following techniques are proposed for E-UTRA control channel design:
· Control information is divided into two parts – shared and dedicated control [2].  

· Shared control region includes (1) common control information applicable to all users including, for example, localized/distributed assignment, antenna configuration, reference signal configuration, AMC control region assignment, etc., (2) resource assignment and UE ID (either explicitly or implicitly), and (3) data non-associated control information.
· Dedicated control region includes data associated control information such as transport format indicator, HARQ and new data indicator, MIMO configuration, etc.  
· Shared control region is time-division multiplexed at the beginning of the sub-frame to enable micro-sleep mode and minimize buffering.  Control and reference information are sent on the first and second OFDM symbols to provide good channel estimation for the control channel and enable micro-sleep mode.  
· Dedicated control information is sent with the data at the beginning of the resource region assigned to the UE. It is FFS whether the MCS to be used for dedicated control is identical to or different than the associated shared control information.  To reduce signaling, the MCS of the dedicated control may be
· the same as the shared control

· the same as the data (assuming MCS is transmitted in the shared control or blindly determined) 

· an offset better than the shared control 
· indicated by a small bit field (e.g., 0=same, 1=3dB better). Instead of dB, MCS level improvement or MCS data pairs can be defined.
· Repetition of control information for edge-of-cell coverage.
· 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 with similar received powers in the same AMC region to minimize coding and CRC overhead.  
· Support for both convolutional and advanced coding scheme to improve decoding performance.  Convolutional coding is used for small control packet, while advanced coding scheme is used for larger control packet. 
· 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:

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

	Field
	No of bits
	Control Region

	Localized/Distributed Configuration
	5
	Shared control region

	Antenna Configuration
	3
	

	Reference Signal Configuration
	2
	

	AMC Region Configuration
	TBD
	

	UE ID
	TBD
	

	Resource Block Assignment
	12
	

	Scheduling Grant for UL
	12
	

	Power Control
	1
	

	Modulation Specifier
	2
	Dedicated control region

	HARQ Redundancy Version and New Data Indicator
	3
	

	MIMO configuration
	TBD
	


3. Control Channel Example
Figure 1 provides an example of the control channel structure 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).  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 three AMC regions available with each region using a different modulation and coding rate (MCR) to transmit control information.   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 decoding complexity or control overhead.  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 AMC control regions, 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 and Group ID.   The Group ID might be used to color code the jointly coded group control channel while the UE ID would indicate which part of the control channel payload is for a scheduled UE in the group.  Each UE may decode the AMC regions sequentially or possibly decode only one AMC region based on his reported CQI value.
Dedicated control information is embedded in the data in order to provide data-associated control information necessary to decode the data stream (e.g. transport format indicator, HARQ and new data indicator, MIMO configuration, etc.).  This control portion is embedded at the beginning of the assigned resource region and encoded separately from the data.  It would be beneficial (in terms of power allocation between dedicated control and data) to have the dedicated control information fill the sub-frame in the time dimension first, and then wrap to the next frequency position and fill in time again, etc.  This allows the dedicated control to be power boosted while still maintaining the micro-sleep benefit due to the common control channel. In many cases, it is more efficient to take power from a high MCS user than to use repetition coding to increase the reliability for a cell-edge user. 
4. Control Channel Performance

Figure 2 illustrates control channel performance (without joint encoding of UE control information) for various AMC regions in the 5MHz bandwidth OFDMA downlink system with one(1) and two(2) transmit antenna and two receive antennas.  In this example, the control field comprises of 24 bits and 16-bit CRC is appended to the end of the control packet.  In addition, five different AMC regions are possible.  These regions include QPSK at R=1/3, R=1/2, R=2/3, and 16-QAM at R=1/2, R=2/3 corresponding to 60, 40, 30, 20 and 15 symbols used for each control packet.  In Figure 2, the SNR requirements for different AMC regions are shown.  Tail-biting convolutional code (K=9) is used, providing moderate coding gain for these small codeword sizes while at the same time simplifying the control channel multiplexing and rate matching.  When employing two transmit antennas at the Node B, cyclic shift diversity is used.  Table 2 lists relevant simulation parameters.
Table 2.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	5 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Resource Block BW
	375 kHz (25 sub-carriers)

	No of Resource Blocks
	12

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Non-Ideal

	Modulation
	QPSK, 16-QAM

	Turbo Code Rate
	R=1/3, 1/2, 2/3

	# of TX antennas
	2 (with cyclic shift diversity)

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=9, Tail-biting

	Base Turbo Codec
	R=1/3, K=4, 8 iterations, Max Log MAP
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Figure 2.  Example of control channel performance for different AMC regions, TU – 3 km/h, non-ideal channel estimation, N=40 bits, 2 Rx antennas, tail-biting convolutional code.

From Figure 2, it is seen that -0.4dB is required to achieve 1% BLER for QPSK R=1/3.  The gain from transmit diversity with cyclic delay diversity is approximately 1.2-1.8 dB.  Figure 3 shows control channel performance with different amount of repetition in order to provide cell edge coverage.  With repetition factor of 2, the 1% BLER performance requirement for QPSK R=1/3 reduces by approximately 2.9 dB due to repetition gain.  With repetition factor of 4, an additional 2.5 dB gain is observed. 
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Figure 3.  Performance with repetition, TU – 3 km/h, non-ideal channel estimation, N=40 bits, QPSK, R=1/3 tail-biting convolutional code.
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Figure 4.  C/I CDF for 1732 meter ISD.

Figure 4 shows the C/I CDF for 1732 meter ISD with 20 dB penetration loss.  From the figure, it is seen that for a 1x1 frequency reuse system, to provide 98% cell coverage the operating C/I must be below -5 dB.  Even with 1x3 frequency reuse, this C/I requirement increases by only a modest 5 dB.  The large gain expected from 1x3 frequency reuse is seen for only users well within the cell (e.g. a C/I improvement of 10 dB at 60% cell coverage).  Therefore, 1x3 frequency reuse provides similar benefits to repetition for cell-edge users and, as a result, repetition is preferred due to greater flexibility and lower implementation complexity. 
Table 3 lists cell coverage numbers at the 1% control channel BLER for a system with 1x1 frequency reuse and ISD of 1732 meters.  For instance, with two transmit antennas, 21% cell coverage is achievable with 16-QAM R=1/2, while 90% cell coverage is possible for QPSK R=1/3 with one repetition.  From the table, it is seen that repetition factor of four with cyclic delay diversity may be required to provide coverage to the cell edge.  It is also seen that transmit antenna diversity (e.g. cyclic delay diversity) increases cell coverage by 3-10%.
Table 3.  Cell coverage under TU channel at 1% control channel BLER and 1732m ISD.

	AMC Region
	1 TX Ant
	2 TX Ants

	16-QAM, R=2/3
	6%
	9%

	16-QAM, R=1/2
	16%
	21%

	QPSK, R=2/3
	26%
	32%

	QPSK, R=1/2
	45%
	53%

	QPSK, R=1/3
	64%
	73%

	QPSK, R=1/3, Repetition = 2
	80%
	90%

	QPSK, R=1/3, Repetition = 4
	93%
	99%


Figure 5 illustrates coding performance with respect to the packet size.  Under the TU channel, it is seen that convolutional code outperforms the Turbo code for smaller packet sizes (less than 160 bits), while the opposite is true for larger packet sizes.  As a result, when control fields are encoded together, Turbo code (or whatever advanced coding is agreed for EUTRA) should be used for larger packet sizes.
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Figure 5.  Performance with respect to packet size, R=1/2, TU-3 km/h, non-ideal channel estimation.
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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.X
Downlink control channel structure

The downlink control channel contains information necessary for demodulation of downlink data stream and support of uplink transmission.  The control channel supports the following features:

· Control information is divided into two parts – shared and dedicated control.  Shared control includes control information common to all users, UE resource assignment, and data non-associated control.  Dedicated control includes data associated control information. 

· Shared control channel and first reference signal are transmitted in a TDM manner at the beginning of the sub-frame.  Dedicated control is sent with the data at the beginning of the assigned resource region. It is FFS whether the MCS to be used for dedicated control is identical to or different than the associated shared control information.

· Repetition of control information to reach users at the cell edge.  

· Multiple AMC control regions for the control channel with different modulation and coding rate in each region. 

· Joint coding of users within the same AMC region to minimize overhead. 

· Use tail-biting convolutional code for small control packet and advanced FEC code otherwise.

· Reduced control information set to support greater number of schedulable UEs.

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





























































































































































































































































