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1. Introduction
L1/L2 control signaling is essential to link adaptation, hybrid ARQ, and channel-dependent scheduling etc. for the shared data channel in the downlink. To employ these adaptive link techniques effectively, high quality reception, i.e., a low packet error rate, for L1/L2 control signaling bits must be achieved. This paper presents the following issues pertaining to the L1/L2 control channel for the OFDMA radio access in the E-UTRA downlink.

· Transmission method and multiplexing of the L1/L2 control channel 

· L1/L2 control signaling bits

· Evaluations on the optimum channel coding scheme for the shared L1/L2 control information bits, i.e., joint coding or separate coding

2. Proposed Transmission Method for L1/L2 Control Channel

We propose the following transmission schemes for the L1/L2 control information.

· Block-wise Transmission for L1/L2 Control Information

E-UTRA supports multiple transmission bandwidths from 1.25 to 20 MHz [1]. Accordingly, the L1/L2 control information must be transmitted in a unified manner to all types of UE that have different capabilities pertaining to the minimum-maximum reception bandwidth. Therefore, we propose a block-wise transmission scheme for the L1/L2 control channel as shown in Fig. 1 that has the following features. The allocated system bandwidth of each cell is segmented into one or several frequency blocks.

· The pre-determined transmission bandwidth of the L1/L2 control channel should be equal to or smaller than the minimum-maximum reception bandwidth in UE capability

· The transmission of the L1/L2 control information at each frequency block is basically independent. Therefore, UE with a high capability decodes multiple L1/L2 control fields that belong to different frequency blocks. For example, if 20 MHz is scheduled to a single UE, then two control channel blocks with 10 MHz each are used.

· Frequency block assignment for each UE can be changed adaptively or by using a pre-determined manner. The purpose for changing the frequency block assignment is to average the traffic load of each frequency block and to avoid fatal transmission error due to, for example, severe frequency selective interference from other cells.
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Figure 1 – Proposed block-wise transmission for L1/L2 control channel 

·  Two types of Transmissions for L1/L2 Control Information

(1) Two-types of L1/L2 control information

Based on the E-mail discussion, the L1/L2 control information is classified into following two kinds:

· Shared L1/L2 control information (Category 1 information in technical report (TR) [1])
· Dedicated L1/L2 control information (Category 2/3 information in TR [1])
The shared L1/L2 control information carries the L1/L2 control signaling bits that should all the UEs should try to decode. Though detailed bits which are described later, the shared L1/L2 control information is the UE IDs of the UEs scheduled in the corresponding TTI as well as information pertaining to the resource block that has been dynamically assigned to each scheduled UE. The shared L1/L2 control information may also contain information not directly related to the downlink shared-channel transmission such as hybrid ARQ ACK/NACK and scheduling grants for uplink transmission. 

On the other hand, the dedicated L1/L2 control information consists of the remaining L1/L2 control signaling bits, which are decoded only by the scheduled UEs for the downlink shared channel transmission, i.e., transport format and hybrid ARQ-related information. Note that the meaning of the dedicated in this context denotes that the information is for a specific user only; it does not imply that dedicated radio resources are semi-statically allocated.

The UE first decodes the shared L1/L2 control information, and then decodes the dedicated L1/L2 control information if that UE is scheduled to downlink shared data channel transmission. Section 3 gives the detailed control information conveyed by the shared L1/L2 control information and the dedicated L1/L2 control information.
(2) Radio resource mapping for the two types of L1/L2 control information

Localized and distributed OFDMA transmissions were proposed and have been discussed in RAN1 meetings so far. Localized transmission associated with frequency domain channel-dependent scheduling provides better performance than the distributed transmission, since channel-dependent scheduling assigns nearly the best resource block(s) to each UE. Therefore, our view is to give higher priority to the transmission of the L1/L2 control information within the scheduled resource block(s) than the transmission of the L1/L2 control information outside the resource blocks. Therefore, we propose the following radio resource mapping for the L1/L2 control information as shown in Fig. 2:
· Shared L1/L2 control information is transmitted outside the resource blocks employing distributed OFDMA transmission. 

· Dedicated L1/L2 control information is transmitted within the scheduled resource block(s) employing localized OFDMA transmission. In this case, a part of the assigned resource block(s) is used for L1/L2 control signaling bits.
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Figure 2 – Proposed two-types of transmissions for L1/L2 control channel. (note that the control signaling structure supports data transmissions using wider bandwidth than 10 MHz as well, the figure is for illustrative purposes only)
Figures 3 show an example of the L1/L2 control channel mapping. As shown in the figure, a pre-determined frequency block comprises multiple resource blocks. Shared L1/L2 control information is transmitted outside the resource blocks. In this example, the shared L1/L2 control information is transmitted from the first OFDM symbol (pilot or other channels are simultaneously transmitted). On the other hand, the dedicated L1/L2 control information is transmitted within the scheduled resource block associated with each UE. In the example in Fig. 3(a), the dedicated L1/L2 control information is transmitted from the first resource block among the assigned resource blocks. Meanwhile in Fig. 3(b), the dedicated L1/L2 control information is transmitted from all assigned resource blocks.

[image: image3.emf]Frequency

Pre-determined frequency block of L1/L2 control signaling

Shared L1/L2 control 

information

Dedicated L1/L2 control 

information for UE1

Resource block

1 sub-frame

Pilot or other channels

Shared data channel for 

UE1 

Shared data channel for 

UE2 

Shared data channel for 

UE3 

Dedicated L1/L2 control 

information for UE2

Dedicated L1/L2 control 

information for UE3

Next block …

Frequency

Pre-determined frequency block of L1/L2 control signaling

Shared L1/L2 control 

information

Dedicated L1/L2 control 

information for UE1

Resource block

1 sub-frame

Pilot or other channels

Shared data channel for 

UE1 

Shared data channel for 

UE2 

Shared data channel for 

UE3 

Dedicated L1/L2 control 

information for UE2

Dedicated L1/L2 control 

information for UE3

Next block …


(a) Example 1 (Dedicated L1/L2 control information is transmitted from one of the assigned resource blocks)
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(b) Example 2 (Dedicated L1/L2 control information is transmitted from all the assigned resource blocks)

Figure 3 – Examples of proposed transmission scheme for L1/L2 control signaling bits (Note: This figure is used for illustration purposes only, and the positions of the shared L1/L2 control information and pilot and other channels within the sub-frame do not specify the actual configuration.)

(3) Channel coding block for two types of L1/L2 control information
The channel coding of the L1/L2 control information is performed separately at each coding block. Furthermore, it is reasonable that the shared L1/L2 and the dedicated L1/L2 control information are separately channel-encoded. We explain our views on channel coding block for the shared L1/L2 control information and that for the dedicated L1/L2 control information.
· Shared L1/L2 control information
The shared L1/L2 control information contains the L1/L2 control signaling bits that should be tried to be decoded by multiple UEs. Therefore, both a joint coding scheme over control information of multiple sets of UE and separate coding scheme can be applicable to the shared L1/L2 control information. We qualitatively compare the joint and separate channel coding schemes for the shared L1/L2 control information.
- Total control signaling bits and overhead associated channel coding 
The joint coding scheme can reduce the overall number of control signaling bits for multiplexed UEs. Moreover, the size of the overhead such as the cyclic redundancy check (CRC) code associated with each coding block can be decreased in joint coding rather than separate coding. 

- Channel coding gain

The joint coding scheme can provide a higher channel coding gain than the separate coding scheme, since information bits accommodated within one coding block becomes larger.
- Reception quality using link adaptation 

The separate coding scheme has a high affinity to UE-dependent link adaptation such as transmission power control (TPC) and adaptive modulation and coding (AMC) for the L1/L2 control channel. We have proposed a channel quality indicator (CQI)-based TPC [2] and consider the application of the TPC to the L1/L2 control channel to mitigate the fluctuation in the received level due to instantaneous fading. AMC application to the L1/L2 control channel was also proposed in [3]. Thus, the required received Eb/N0 of the L1/L2 control channel in a multipath fading channel can be decreased by employing the separate coding scheme rather than the joint coding scheme due to the user-dependent precise link adaptation. In the joint coding scheme, the required transmission power may be significantly increased, since TPC compensates for the worst CQI among UEs to which the shared L1/L2 control information should be correctly decoded.
· Dedicated L1/L2 control information
Channel coding for the dedicated L1/L2 control information is separately performed for different UEs.
3. L1/L2 Control Signaling Bits 

3.1. Shared L1/L2 Control Information

The following L1/L2 control signaling bits are transmitted as the shared L1/L2 control information.

· Control signaling for scheduling in the downlink shared data channel

· UE identity: Identification of the assigned UE
· Control signaling for demodulation in the downlink shared data channel

· Resource block assignment information: Location of the assigned resource block
· MIMO related information: Employed MIMO mode (MIMO multiplexing or MIMO diversity, etc.) and number of data streams (or antenna index used)
· Control signaling for uplink shared data channel (unless transmitted separately)

· ACK/NACK bit for hybrid ARQ in uplink

· Control signaling for uplink scheduling (unless transmitted separately)

· UE identity, resource block assignment information (FFS), data modulation, transport block size information, and TPC.
· Control signaling for demodulation in the downlink dedicated L1/L2 control signaling bits within the scheduled resource block

· MCS information for the dedicated L1/L2 control signaling bits within the scheduled resource block if AMC is applied to these bits
· Other information (details are FFS)

· Transmission timing control bits for adaptive transmission timing alignment in the uplink
3.2. Dedicated L1/L2 Control Information

The following L1/L2 control signaling bits are transmitted as the dedicated L1/L2 control information.

· Control signaling for demodulation
· Modulation scheme information: Data modulation scheme for the scheduled resource blocks
· Transport-block size information: Number of information bits
(Coding rate is derived from the data modulation, the number of allocated resource blocks, and the transport block size.)
· Control signaling for hybrid ARQ
· Hybrid ARQ process information: Process number for packet combining (if necessary)
· Redundancy version: Puncturing pattern for incremental redundancy

· New data indicator: Indicator for new data or retransmitted packet to avoid packet combining of different packets
These control signaling bits should be mapped at the beginning of the resource block that is assigned to each UE. It should be noted that the number of bits mentioned above may change according to the MIMO configuration when the per antenna rate control (PARC) is applied. The number of bits will also change when AMC is applied to the dedicated L1/L2 control information. However, since the MIMO configuration and MCS used for the dedicated L1/L2 control information are sent in the shared L1/L2 control information part in advance, the number of bits within the scheduled resource blocks can be identified before the UE decodes these bits.

4. Evaluation of Optimum Channel Coding Scheme for Shared L1/L2 Control Information Bits: Joint Coding or Separate Coding

In order to obtain the optimum channel coding scheme for the shared L1/L2 control information, we compare the joint and separate coding schemes on the basis of the criterion to achieve a lower required transmission power. 
4.1. Required L1/L2 Information Bits

Table 1 lists the L1/L2 control information bits in the downlink, in the TR [1].

Table 1 – Number of information bits for downlink shared control channel

(a) Downlink scheduling information
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(b) Uplink scheduling grant
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In this contribution, we assume asynchronous ARQ in the downlink. Moreover, we assume 9, 3, and 0 bits for the UE-ID, duration of assignment, and multi-antenna related information, respectively. In terms of resource assignment, we assume the transmissions of the IDs of the scheduled UEs and associated bitmap for the separate coding scheme, where the bitmap indicates the usage of each resource block for the scheduled UEs. Meanwhile, in the joint coding scheme, we assume the transmission of a table indicating the relationship between the resource block and the short UE ID, i.e., index, of the scheduled UE assigned to the resource block [4]. 
On the other hand, in terms of the uplink resourse assignment, we employ a method that signals the first and the last resource block information bits, which are assigned to a UE for the separate coding scheme. The method is effective in decreasing the number of signaling bits when multiple resource blocks are continuously assigned to the same UE. It was adopted in HSDPA [5]. In the joint coding scheme, we use the resource type indicator proposed in [6]. Tables 2(a) and 2(b) list the required information bits for the downlink scheduling and uplink scheduling, respectively, for the separate coding scheme. Table 3(a) and 3(b) similarly list the corresponding information bits for the joint coding scheme. In these tables, the number of resource blocks, NRB, is set to 24 and the number multiplexed UEs in one sub-frame, NUE, is a parameter.
Table 2 – Required L1/L2 control information bits for separate coding 
(a) Downlink scheduling information
[image: image7.wmf]1368

384

144

192

(648)

72

576

N

UE

= 24

256

192

128

64

32

16 

N

UE

CRC

912

96

128

(432)

48

384

N

UE

= 16

(Cat.1 total)

96

64

32

16

8 

N

UE

Cat. 2 (Transport format)

72

48

24

12

6 

N

UE

Cat. 3 (HARQ)

684

(324)

36

288

N

UE

= 12

228

(108)

12

96

N

UE

= 4

456

(216)

24

192

N

UE

= 8

N

UE

= 2

114

(54)

6

48

Assignment 

duration

Resource 

assignment

3

N

UE

Total

N

UE

x 

N

RB

Cat. 1

(Resource 

indication)

Size (

N

RB

= 24)

1368

384

144

192

(648)

72

576

N

UE

= 24

256

192

128

64

32

16 

N

UE

CRC

912

96

128

(432)

48

384

N

UE

= 16

(Cat.1 total)

96

64

32

16

8 

N

UE

Cat. 2 (Transport format)

72

48

24

12

6 

N

UE

Cat. 3 (HARQ)

684

(324)

36

288

N

UE

= 12

228

(108)

12

96

N

UE

= 4

456

(216)

24

192

N

UE

= 8

N

UE

= 2

114

(54)

6

48

Assignment 

duration

Resource 

assignment

3

N

UE

Total

N

UE

x 

N

RB

Cat. 1

(Resource 

indication)

Size (

N

RB

= 24)


(b) Uplink scheduling grant
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Table 3 – Required L1/L2 control information bits for joint coding
(a) Downlink scheduling information
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(b) Uplink scheduling grant
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Figure 4 shows a comparison of the number of L1/L2 control information bits between the joint and separate coding schemes. In the figure, we assume that the same number of multiplexed UEs both in the downlink and uplink. From this figure, the required control information bits of the joint coding scheme can be decreased by approximately 20 - 30% compared to that of the separate coding scheme when the number of multiplexed UEs is from four to eight. Furthermore, this figure shows that for the two curves for the joint coding scheme, although the number of required information bits is reduced, when the downlink scheduling information and the uplink scheduling grant are simultaneously encoded, the reduction is slight. We conclude from the figure that the joint coding scheme is superior to the separate coding scheme from the viewpoint of fewer required information bits.
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Figure 4 – Number of L1/L2 control information bits for joint and separate coding schemes
4.2. Channel Coding Gain

In the joint coding scheme, the channel coding block size becomes larger than that of the separate coding scheme since the information for multiple UEs are simultaneously encoded. Accordingly, a higher channel coding gain is anticipated. Meanwhile, the optimum channel coding scheme depends on the channel coding block size as reported in [7]. Therefore, we compare the channel coding gain for the joint coding and separate coding schemes assuming the coding block size obtained in Section 4.1 employing Turbo and convolutional coding. Table 4 gives the link-level simulation parameters to investigate the channel coding gain when using the joint and separate coding schemes. The simulation parameters are based on the agreed parameters [1]. In this evaluation, the Release-6 Turbo code and the tail-biting convolutional code with the constraint length of nine bits are employed.
Table 4 - Link-level simulation parameters for evaluations on channel coding gain 
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Figure 5 shows the required instantaneous received signal-to-noise power ratio (SNR) at the average PER of 10-2 as a function of the channel coding block size in bit notation. From the evaluation in Section 4.1, the channel coding block size for the separate coding scheme is 57 bits per UE, i.e., the total number of bits per UE, NUE, and that for the joint coding is 116 and 552 in the case of NUE = 2 and 16, respectively. Thus, the figure shows that the convolutinal code and Turbo code are preferable for the separate coding and joint coding schemes, respectively. Then, employing the optimum channel code, the required received SNR at the average PER of 10-2 is compared for the joint and separate coding schemes. We find that the channel coding gain of the joint coding scheme compared to that from the separate coding scheme is only 0.2 to 0.3 dB. Therefore, we can say that from the viewpoint of the channel coding gain, both schemes are almost identical, although joint coding exhibits a smaller coding gain compared to the separate coding scheme. 
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Figure 5 – Required instantaneous received SNR at the PER of 10-2 

as s function of the channel coding block size
4.3. Overall Required Transmission Power for Shared L1/L2 Control Information Bits
Following the results in Sections 4.1 and 4.2, we compare the overall performance from the viewpoint of the overall required transmission power for the L1/L2 control information. Figure 6 illustrates the simulation methodology used in the evaluation. 
(1) We first calculate the instantaneous received signal-to-interference plus noise power ratio (SINR) of all UEs. 
(2) Then, based on the instantaneous received SINR of each UE, frequency domain channel-dependent scheduling is performed. In the evaluation, the UE that provides the maximum instantaneous received SINR is selected for each resource block. Note that only instantaneous multipath fading is considered, i.e., distance-dependent path loss and shadowing variation are not included, since we assume ideal proportional fair scheduling. 
(3) Finally, we calculate the required transmitted signal energy of the L1/L2 control information normalized by the noise power, which we define as the required SL1/L2/N to satisfy the average PER of 10-2. Here, we consider only instantaneous multipath fading. Thus, in the required transmitted signal energy, SL1/L2, the distance-dependent path loss and shadowing variation are not considered. Note that, however, the real required transmitted signal energy is easily calculated from the values by adding the distance-dependent path loss and shadowing variation. In this step, the number of L1/L2 control information bits in Section 4.1 and the corresponding channel coding gain investigated in Section 4.2 are considered. The effect of CQI-based TPC is also included in the calculations. 
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Figure 6 – Simulation methodology
In the evaluation, we assume ideal fast TPC, which tracks the instantaneous fading variation. It is also assumed that UEs with similar received SINRs are grouped in the joint coding scheme (note that this assumption is advantageous for joint coding to perform fast TPC). Table 5 shows the system-level simulation parameters for calculating the instantaneous received SINR of the UEs. As described in Section 2, the transmission power of the L1/L2 control channel is decided by the worst CQI among the UEs in the joint coding scheme, whereas, it is decided by the CQI of each UE in the separate coding scheme.
Figure 7 shows the cumulative distribution function (CDF) as a function of the instantaneous received SINR of the UE with the worst CQI. The number of multiplexed UEs, NUE, is a parameter. We find from the figure that the instantaneous received SINR of the worst UE is decreased according to the increase of the number of multiplexed UEs. For example, the instantaneous received SINR of the worst UE is increased by approximately 5.0 dB (NUE = 4) and 6.5 dB (NUE = 8) compared to that in the case of NUE = 1. Naturally, the received SINR used for transmission power control is constant in the separate coding scheme regardless of the number of multiplexed UEs. Therefore, from the viewpoint of reducing the required transmission power, we see that the separate coding scheme is superior to the joint coding scheme by more than 5 dB when the number of multiplexed UEs is greater than four. 

Finally, Fig. 8 plots the required transmitted signal energy of the L1/L2 control information normalized by the noise power, SL1/L2/N, at the average PER of 10-2. As described earlier, grouping among selected UEs is performed in the joint coding scheme to reduce the transmission power increase due to the worst case UE. We assume that the number of groups is two and that of the multiplexed UEs is eight and four UEs. Thus, the UEs providing the smallest received SINR are assigned to the same group, and others are assigned to another group. As a result, the transmission power of the second group is determined by the received SINR of the UE with the 5th worst CQI. Then, the influence of the transmission power increase due to the worst case UE is mitigated. Figure 8 shows that the separate coding scheme can decrease the required SL1/L2/N by approximately 3 dB compared to the joint coding scheme. The figure also shows that although the required SL1/L2/N is reduced by approximately 1 dB by applying grouping in the joint coding scheme, the separate coding scheme is still superior to the joint coding scheme by the gain of approximately 2 dB. This is because in joint coding, the required transmission power becomes larger than that of the separate coding scheme since the transmission power is decided by the received SINR or the worse case UEs. Then, the increase in the required transmission power by the TPC exceeds the improvement of the larger channel coding gain and the reduction in the number of information bits in the joint coding scheme. Therefore, we conclude that the separate coding scheme is appropriate for the shared L1/L2 control channel. The transmission method for the dedicated control information is FFS. 
Table 5 – System-level simulation parameters for CDF of instantaneous received SINR
[image: image15.wmf]3 km/h

UE speed

2

Number of receiver antennas

600

Number of sub

-

carriers

6

-

ray Typical Urban

Multipath

delay profile

0.5 / 1.0

Shadowing correlation between cells/sectors

0.

5

msec

(7 OFDM symbols)

Sub

-

frame length

10 MHz

Bandwidth

500 m

Inter site distance (ISD)

8 dB

Shadowing standard deviation

20 dB

Penetration loss

128.1 + 37.6log

10

(

r

)

Distance dependent path loss

Hexagonal grid, 19 cell sites, 3 sectors per cell

Cell layout

3 km/h

UE speed

2

Number of receiver antennas

600

Number of sub

-

carriers

6

-

ray Typical Urban

Multipath

delay profile

0.5 / 1.0

Shadowing correlation between cells/sectors

0.

5

msec

(7 OFDM symbols)

Sub

-

frame length

10 MHz

Bandwidth

500 m

Inter site distance (ISD)

8 dB

Shadowing standard deviation

20 dB

Penetration loss

128.1 + 37.6log

10

(

r

)

Distance dependent path loss

Hexagonal grid, 19 cell sites, 3 sectors per cell

Cell layout


[image: image16.wmf]0

0.2

0.4

0.6

0.8

1

-10

-5

0

5

10

15

20

CDF

Instantaneous received SINR per branch

 for worst user(dB)

N

UE

1

2

3

4


Figure 7 – CDF of instantaneous received SINR of worst case UEs
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Figure 8 – Required SL1/L2/N at the average PER of 10-2 as a function of the number of multiplexed UEs
5. Conclusion 
This paper presented the following issues on the L1/L2 control channel for OFDMA radio access in the E-UTRA downlink.
· Transmission method and multiplexing of the L1/L2 control channel
· Block-wise transmission for the L1/L2 control information
· The pre-determined transmission bandwidth of the L1/L2 control channel should be equal to or smaller than the minimum maximum-reception bandwidth for the UE capability.
· The transmission of the L1/L2 control information at each frequency block is basically independent. Therefore, UE with a high capability decodes multiple L1/L2 control fields that belong to different frequency blocks. For example, if 20 MHz is scheduled to a single UE, then two of the 10-MHz control channels are used assuming that the pre-determined transmission bandwidth of the L1/L2 control channel is 10 MHz.
· Definition of two types of transmissions for the L1/L2 control information (Shared L1/L2 control information and Dedicated L1/L2 control information)
· L1/L2 control signaling bits 
· Shared control information
· The shared control information consists of the L1/L2 control signaling bits that all the UEs should try to decode such as the scheduled UE IDs and the assigned resource block for each of the scheduled UE. The shared control information may also include information not directly related to the downlink shared-channel transmission such as hybrid ARQ ACK/NACK and scheduling grants for uplink transmission.
· Distributed OFDMA transmission is used. Thus, fixed resource allocation is used, which results in a simplified demodulation process at the UE, and a large frequency diversity effect is achieved commonly for all UEs.

· Separate coding over multiple L1/L2 control information within the shared L1/L2 control information is appropriate.
· CQI-based transmission power control is applied to guarantee the required error rate.
· Dedicated control information
· The dedicated L1/L2 control information consists of signaling bits that only the scheduled UEs must decode for the downlink shared data channel transmission, i.e., transport format and hybrid ARQ-related information.
· The dedicated L1/L2 control information is transmitted using a part of the scheduled resource blocks.

· In addition to CQI-based transmission power control, AMC can be applied to guarantee the required error rate.
6. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.3  Downlink L1/L2 Control Signaling
The downlink outband control signaling have block-wised transmission structure.
· The pre-determined transmission bandwidth of the L1/L2 control channel should be equal to or smaller than the minimum maximum-reception bandwidth in UE capability.

· The transmission of the L1/L2 control information at each frequency block is basically independent. Therefore, UE with a high capability decodes multiple L1/L2 control fields that belong to different frequency blocks. For example, if 20 MHz is scheduled to a single UE, then two of the 10 MHz control channels are used assuming that the pre-determined transmission bandwidth of the L1/L2 control channel is 10 MHz.

The downlink outband control signaling at each frequency block consists of

· scheduling information for downlink data transmission,

· scheduling grant for uplink transmission, and

· ACK/NAK in response to uplink transmission.

Transmission of control signaling from these groups is mutually independent, e.g., ACK/NAK can be transmitted to a UE regardless of whether the same UE is receiving scheduling information or not. 
------------------------------------ End of Text Proposal --------------------------------------------------
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