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1 Introduction

At the Riga meeting, the followings were agreed as working assumptions on downlink L1/L2 control signalling.

1. Downlink control signaling is located in the first n OFDM symbols with n ( 3. 
2. Data transmission in the downlink can at earliest start at the same OFDM symbol as the control signaling ends.
3. Multiple control channels are used.
A. Each control channel is convolutionally coded.
B. A UE monitors a number of control channels.
C. One control channel carries information for one MAC ID.
4. At least two formats for control signaling are supported.
5. The power setting of each control channel is up to the Node B, but is constant within a TTI for one control channel.
In this contribution, we discuss the overall design of downlink L1/L2 control signalling, based on the above working assumptions. 
2 Control channel design
In separate coding, the control information is transmitted separately to different UEs. Depending on the channel condition and feedback of the UE, the control signalling can take two types of transmission method; distributed transmission for frequency-time diversity and localized transmission for frequency-selective scheduling gain. Distributed transmission is suitable for downlink assignments intended for high-speed UEs and the uplink grants for which downlink CQIs are not available. On the other hand, when the Node-B has reliable frequency-selective downlink CQIs, the localized control transmission can take performance benefits from the frequency-selective scheduling. Table 1 summarizes the correspondence between control signalling methods and the assignment types, which is not mandated in the specification since the scheduler may use different control resource allocations depending on the UE channel and resource management situation.

Table 1 Downlink L1/L2 control signaling: recommended transmission modes
	Control
	Data

	Distributed transmission
	Uplink grant without downlink localized assignment, Downlink frequency-diversity scheduling

	Localized transmission
	Downlink frequency-selective scheduling


We consider the following guidelines in L1/L2 control channel design:

1. Separate coding between different UEs and DL/UL grants
2. Resources not used for signalling should be available for data scheduling

3. Signaling on localized or distributed resources, depending on the assignment type and 
resource scheduling situation. 
4. Low decoding complexity at the UE side

3 Proposed control signaling scheme 
In the case of localized signaling, transmission of control separately coded information within scheduled RBs has performance benefits due to frequency-domain scheduling as discussed in [2-6]. The primary concern about such schemes is high UE decoding complexity since the UE should blindly try control positions, which can be at maximum as many as the total number of RBs or subbands in the scheduling band. To reduce the UE decoding complexity, we propose to introduce an additional control field, i.e, Cat. 0 information, to inform the UE of the positions of occupied localized control channels. 
To maximize the spectral efficiency, the resources, not used for control signalling, should be available for data transmission. It can be accomplished by assigning the unused control channels in the individual resource assignment indication or by broadcasting the positions of occupied control channels. We prefer a unified common control block, which contains the information of occupied localized and distributed control channels. 

[Common control block (Cat.0 information)]
The common control block contains the following information. 

1. The positions of occupied localized control channels 
2. The number of occupied distributed control channels
The common control block may take a distributed transmission to address different UE channel environments, and may use reserved resources and a low code rate for maximum protection from inter-cell interference and for reliable decoding. 

In the localized control signalling, since occupied control channels are explicitly signalled to the UE, the scheduler is now allowed to have freedom in control resource allocation and thus it can select “good resources” targeting a certain UE for control signalling. Note that the “good resources” are not necessarily the same frequencies as scheduled data resources since the control channel allocation may find better resources outside the scheduled data RBs. 

By decoding the common control block, the UE knows the positions of occupied control channels (both localized and distributed control channels) and then the UE only needs to try decoding of the control channels that are actually used. The UE can interpret its data resource allocation by taking into account the presence or absence of control channels within the scheduled RBs. When the UE feedback is based on subband-by-subband CQI report, one localized control channel can be defined within each subband and a list of the subband indices or a bitmap of subbands can be used to indicate the positions of the subbands with occupied localized control channels.
[UE-specific control block (Cat.1, 2, 3 information)]
The UE-specific dedicated block conveys Cat.1/2/3 control information for individual UEs, which can take a localized or distributed transmission method depending on the UE channel situation. In separate coded control, the signaling overhead largely comes from resource allocation indication because the resource allocation map cannot be shared between different UEs unlike the joint coding. Several options for resource allocation indication are listed below.
· Resource allocation indication for downlink localized data assignment 
Option 1. Full-RB bitmap
Option 2. Position-dependent bitmap [5]
Option 3. Subband bitmap 
Option 4. Subband bitmap with pattern indications within subbands
· Resource allocation indication for downlink distributed data assignment/uplink grant 
Option 1. Contiguous allocation: indicates starting RB and the total number of allocated RBs (or the ending RB)
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Figure 1 Indication of occupied localized control channels

4 Localized vs. distributed signalling
In this section, we address the issue of localized vs. distributed control channels. The performance of localized and distributed control channels is compared in the presence or absence of inter-cell interference management by investigating the geometry distribution of scheduled UEs. System-level simulations are carried out for simulation scenario Case 3 in TR 25.814. Details of the system simulation setup are given in Appendix A. To assess the performance of the control channel, the exponential effective SINR (EESINR) of each scheduled UE is evaluated for control channels, and the cumulative distribution function (CDF) of the EESINRs is obtained to compare different transmission schemes. For data traffic scheduling, the proportional fair algorithm in both time and frequency domain is used.
Assuming QPSK modulation and convolutional coding with code rates 1/3 and 1/2 with a payload size of 40 bits (including CRC) for individual control channels, the EESM β’s are estimated to be 1.15 and 1.82 for rates 1/3 and 1/2, respectively. 
For distributed control channels, the EESINR for the control channel of each scheduled UE is obtained over the entire system transmission band. If inter-cell interference management is included, the distributed signaling occupies reserved cell-edge resources. The localized signaling assumes transmission on scheduled RBs, and the EESINR for the control channel of each scheduled UE is calculated for one of the RBs allocated to the UE. In the localized control signaling, we consider the following resource allocations. 

Scheme A.  Transmission on the best-quality RB of the scheduled RBs (Best RB)   
Scheme B. Transmission on the first RB of the scheduled RBs, which has been proposed in [5] (First RB)
4.1 EESINR distribution of control channels
Figures 2 and 3 show the EESINR cumulative distribution functions for distributed and localized control channels without and with inter-cell interference management, respectively. The localized signaling schemes A and B provide significantly improved SINRs at low CDF points, compared with the distributed signaling. Note that the CDF curves for the localized channels are almost the same regardless of the code rate because of the very low frequency-selectivity within one RB.
In Fig.2, without interference coordination, at the code rate of 1/2, the localized control channel with the best RB (the first RB) scheme shows 4.2 (3.0) dB and 4.6 (3.4) dB gains in EESINR over the distributed control channel at 5 % and 10 % CDF points, respectively. At the code rate of 1/3, the localized control channel with the best RB (the first RB) scheme shows 3.9 (2.7) dB and 4.2 (3.0) dB gains in EESINR over the distributed control channel at 5 % and 10 % CDF points, respectively. 
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Figure 2 EESINR CDF for scheduled UEs without interference coordination, 10 UEs/cell
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Figure 3 EESINR CDF for scheduled UEs with interference coordination, 10 UEs/cell
In Fig.3, with interference coordination, at the code rate of 1/2, the localized control channel with the best RB (the first RB) scheme shows 2.4 (0.7) dB and 3.0 (1.0) dB gains in EESINR over the distributed control channel at 5 % and 10 % CDF points, respectively. At the code rate of 1/3, the localized control channel with the best RB (the first RB) scheme shows 1.9 (0.2) dB and 2.4 (0.4) dB gains in EESINR over the distributed control channel at 5 % and 10 % CDF points, respectively. The interference coordination reduces the gap between the localized and distributed signaling at low CDF points, but still with significant differences at higher CDF points. 

5 Resource assignment indication

The full RB bitmap induces too much required bits (e.g., 50 bits for 10 MHz scheduling band) in resource allocation indication. In order to reach a reasonable overhead, it may be necessary to put some scheduling constraint. However, the reduction of signaling overhead coming from the scheduling constraint should not degrade much scheduling flexibility and the system performance. In this regard, the frequency selective scheduling should be allowed without limitation at least at the level of subbands; the resource allocation with only contiguous RBs may significantly degrade the performance.

5.1 Position-dependent bitmap 

Figure 4 shows the position-dependent bitmap method proposed in [5]. The position-dependent bitmap method places the resource allocation information at one of scheduled RBs or subbands and allows for any arbitrary combinations of RBs or subbands to be scheduled to the UE. The control signal is located at the starting RB or subband and a variable size bitmap indicates the allocation of remaining RBs or subbands.   
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Figure 4 Position-dependent bitmap
5.2 Subband bitmap plus allocation pattern indication 
Figures 5(a) and 5(b) show the resource indication method using allocation patterns. The resource allocation within each subband is chosen to be one of pre-defined allocation patterns. For example, Fig. 5(a) shows four possible allocation patterns for the subband, i.e., no allocation, even-numbered RB allocation, odd-numbered RB allocation, or full allocation. These allocation patterns permit the sharing of the same subband by up to two different UEs. In this scheme, the total number of resource allocation signaling bits is given as (# of subbands) x [log2 (# of patterns)]. For example, consider a 10 MHz scheduling band with 50 RBs. If the subband size is 6 RBs and the four patterns in Fig. 5(a) are used for allocation within a subband, total 18 bits are required for each scheduled UE. This scheme has some constraint on scheduling flexibility. However, it is not expected to introduce significant performance degradation if we assume that the UE CQI feedback is done on a subband by subband basis. 
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Figure 5 (a) Allocation patterns (b) Resource allocation using the allocation patterns
6 Required signaling bits
Table 2 describes the required signalling bits with the proposed signalling scheme. The downlink and uplink assignments are separately coded, and Cat.1,2, and 3 information for each DL/UL assignment is jointly coded. The parameters used in the table are given below.

[image: image6.wmf]Subband

N

: the number of subbands in the scheduled band 


[image: image7.wmf]__

DistDLControl

N

: the number of distributed control channels for DL scheduling 


[image: image8.wmf]__

DistULControl

N

: the number of distributed control channels for UL grant 


[image: image9.wmf]__

LocalDLRBMAP

N

-

: the number of bits to indicate localized resource assignment 

[image: image10.wmf]__

DistDLUE

N

: the number of distributed DL UEs 


[image: image11.wmf]__

LocalDLUE

N

: the number of localized DL UEs 


[image: image12.wmf]_

ULUE

N

: the number of UL UEs 


[image: image13.wmf]_____

UEDistDLUELocalDLUEULUE

NNNN

=++

: the total number of scheduled UEs
Table 2 Required signaling bits

	Common control block 
	Cat. 0
	Positions of occupied localized control channels 
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7 Conclusion
In conclusion, we have discussed downlink L1/L2 control design in separate coding and proposed to include localized signalling in addition to distributed signalling, and to introduce a common control block (Cat.0 information) to indicate occupied localized and distributed control channels. The inclusion of the common control block in the control signalling has the following benefits.

· Frequency-selective gain in control signalling
· Use of unoccupied control channels for data transmission

· Low UE decoding complexity
The EESINR CDFs for distributed and localized control channels of scheduled UEs have been investigated with or without inter-cell interference management. The simulation results show a large performance benefit in localized signaling coming from frequency-domain scheduling. Even without any proper interference coordination, the localized control signaling shows a robust performance. 
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Appendix A 

Simulation assumptions
The simulation scenario Case 3 in TR 25.814 is considered. The system simulation parameters including some simulation assumptions are listed in Table 3.  
Table 3 System simulation parameters

	Parameter
	Configuration

	Cellular Layout
	Hexagonal grid, 19 Node-Bs, 3 cells per Node-B, Wrap-around

	Inter-site distance
	1732 m

	Carrier frequency, System bandwidth
	2 GHz, 10 MHz

	Channel model
	Spatial channel model (suburban macro)

	UE speed
	3 km/hr

	Antenna configuration
	1 Tx, 2 Rx

	Tx power
	46 dBm (40 W)

	TTI length
	1 msec (2 subframes)

	# of subcarriers per resource block
	12

	Data scheduling algorithm
	Proportional fair (with time constant = 100)

	Traffic model
	Full buffer

	Number of UEs
	10

	Modulation and coding schemes
	QPSK code rates 1/3, 1/2, 2/3, 3/4, 4/5

16 QAM code rates 1/2, 2/3, 3/4, 4/5
64 QAM code rates 1/2, 2/3, 4/5

	HARQ
	Synchronous, Chase combining

	Retransmission interval
	6 subframes

	Maximum # of retransmissions
	4

	Target BLER
	10%

	Round-trip CQI delay
	4 subframes

	Broadband CQI report interval
	6 subframes

	Channel estimation
	Ideal

	Decoding
	AWGN link level curves with EESINR mapping with payload size penalty [R1-062050, Qualcomm]


Appendix B 
Interference management
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Figure 6 Three-sectored cells
A static, soft-frequency reuse interference coordination scheme with a reuse factor of 1/3 is employed. In Fig. 6, the three sectors belonging to the same Node-B are denoted α, β, and γ, respectively. The total resource space is divided into three logical regions of the same size denoted   
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, respectively, each of which is distributed resources consisting of subcarriers uniformly distributed over the entire scheduling band.  The cells denoted by α use 
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 as main resources (cell edge resources, used for cell-edge UEs) in the sense that the transmission power for resource 
[image: image27.wmf]R

a

 is higher than the transmission power for the remaining resources
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 as illustrated in Fig. 7. The power offset is set to be 5 dB. The average SINR, averaged over the entire scheduling band, of the UE is used as a metric for the UE classification into a cell-interior or cell-edge UE.  If the average SINR is below 0 dB, the UE is classified as a cell-edge UE. No additional scheduling constraint is imposed on cell-interior UEs, while only cell-edge resources for allocation for cell-edge UEs (See Table 4).
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Figure 7 Transmission power levels
Table 4 Scheduling constraint

	
	Cell-edge UEs
	Cell-interior UEs

	Cell-edge RBs
	O
	O

	Other RBs
	X
	O
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