Page 1



3GPP TSG-RAN-WG1 Meeting #48
R1-071105
St. Louis, USA, Feb 12th – Feb 16th 2007
Agenda Item:

6.9.2
Source:



Huawei
Title:
E-UTRA Downlink L1/L2 control channel Mapping
Document for:

Discussion & Decision

1 Introduction

In RAN1 #47 and #47bis meetings, the following was decided as working assumption for downlink L1/L2 control signalling.

· Downlink control signalling is located in the first 
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OFDM symbols.

· Data transmission in the downlink can at earliest start at the same OFDM symbol as the control signalling ends.

· Separate coding is used and at least two formats are supported.

· The bandwidth of downlink control channel is equal to the system bandwidth.

This contribution addresses the downlink control channel mapping. 
2 Considerations on control channel mapping 
In the contributions [1-5], some basic downlink control channel mapping schemes are proposed. There are two common viewpoints summarized below.
(1) A basic resource unit for control channel mapping is defined. (e.g. Control Element (CE) [1], Control RB [2],  Control Resource Unit (CRU) [3],  etc).
 The defined resource unit is mapped to a set of resource elements in the first 
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OFDM symbols, and used to compose the control channels with different formats. 

 (2) Each control channel is spanned over all the available OFDM symbols for power balance [1~5].
We also recommend the above viewpoints, and some other preferences are presented below.

(1) The number of OFDM symbols for control channel is variable according to actual resource requirement of control signalling. Data transmission starts at the OFDM symbol next to the OFDM symbols for control channel.
Each control channel is spanned over the entire system bandwidth and all the available OFDM symbols as recommended. In result, the unused (by control channel) resource elements (RE) may be distributed in each OFDM symbol and entire system bandwidth. 
Due to the restriction of available transmit power, only part of unused REs can be used for data transmission. To signal the position of all REs available for data transmission in the first 
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OFDM symbols, a considerable amount of information needs to be transmitted. For example, assuming there are 40 REs per CRB for 10MHz BW, when two OFDM symbols are used for control channel (800 REs excluding RS for 4Tx), there are 20 CRBs. Then 20bits bitmap is needed. This information may be broadcasted (e.g. in Cat.0). It might be possible to improve the indication method to reduce the bit overhead, but only a few bits (e.g. less than 5 bits) is not sufficient.

Since the number of OFDM symbols for control channel can be changed, NodeB can select the suitable number of OFDM symbols according to the actual requirement of control channels and try to fill up the available symbols by   modifying the format of control channels. Then, even a few REs can be used by data, more REs would be used to signal it.
Therefore, from the perspective of system complexity, we prefer the unused REs in the OFDM symbols containing control signaling are not used for data transmission. 
      (2) Interference randomization is needed for control channel.

      Located in the limited OFDM symbols, the control channel is more sensitive to the inter-cell interference. 

Therefore, cell-specific time-frequency patterns for control channel mapping should be designed to mitigate the inter-cell interference.
3 Proposed control channel mapping scheme
Based on the above considerations, we propose a control channel mapping scheme in this section, especially for the inter-cell interference randomization and variable number of OFDM symbols for control channel.
We use the definition of control RB (CRB) (which is defined in [2]) as the basic resource unit for control channel mapping. The size of CRB can be changed according to the system bandwidth, but is constant for a certain system bandwidth regardless of 
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to minimize the number of control channel formats. When the number of OFDM symbols for control channel is increased, the number of available CRBs is increased accordingly.
3.1 CRB mapping for interference randomization

The system bandwidth is equally divided into 
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 control sub-bands. Each CRB consists of multiple control resource elements (CRE), which are regularly distributed in the control sub-bands. Cell-specific sequence is used to determine the frequency offset of CRE in each control sub-band for interference randomization. The cell-specific CRB mapping is illustrated in Figure 1.
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Figure 1 Cell-specific CRB mapping scheme
(The reference signals in the first OFDM symbol are ignored)
Because of downlink reference signals, when
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, the available REs for control channel in the first OFDM symbol is less than that in the other OFDM symbol(s). For regular mapping, the size of CRE in different OFDM symbols should be configured based on the proportion of the number of REs per OFDM symbol available for control channel. For example, for 10MHz system bandwidth, 400 REs in the first OFDM symbol (in the case of 2 Tx antennas) and 600 in the following (
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) OFDM symbol(s). Then, the size of CRE in the first OFDM symbol can be 2 REs, and 3 REs in the other symbols.
3.2 CRB mapping for variable number of OFDM symbols 

When the number of OFDM symbols for control channel 
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 is changed, the sizes of CRB, CRE and the number of control sub-bands are constant. Then, the position and number of CREs of each CRB will be changed.  
It is assumed that a CRB is composed of one CRE per control sub-band for 
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as illustrated in Figure 1. When 
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 , because of smaller size of CRE in the first OFDM symbol, one CRE per control sub-band is not enough for a CRB mapping.
To keep the regular mapping structure of CRB, a practical method is proposed as illustrated in Figure 2. The first CRB is mapped to the CRE one per control sub-band firstly. Then, it turns to the first control sub-band mapping as the same rule until this CRB mapping ends. The second CRB mapping starts from the CRE in the control sub-band next to the control subband in which the first CRB mapping ends. Similarly, the other CRBs are mapped “end to start”.
For example, in Figure 2, the system bandwidth is divided into 6 control sub-bands. The size of CRE in the first OFDM symbol is 2 REs and 3 REs in the second and third OFDM symbols. It’s assumed that the size of CRB is 16 REs. When
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, one CRB is composed of 2 CREs (2*2=4REs) in the first OFDM symbol and 2 CREs in the second and third symbols (2*2*3=12REs). When
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, the CRB is mapped to the CREs one per control sub-band firstly. In this case, 3 CREs in the first OFDM symbol (3*2=6REs) and 3 CREs in the second OFDM symbol (3*3 =9REs) are not enough for CRB mapping with the size of 16 REs. So one more CRE in the first OFDM symbol of the first control sub-band is also used, in which one RE is mapped by the CRB#1 and the other RE is unused. Then the second CRB mapping starts from the CRE in the second control sub-band. 
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Figure 2 CRB mapping for variable 
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3.3   CRB assignment for control channel

After the resource mapping of CRB is determined, each control channel resource mapping is directly related to the CRB assignment. To minimize the number of UE blind detection with multiple formats, we propose the follow CRB assignment rules.

· The CRBs assigned to a control channel are continuous.

· The CRBs assigned to the control channel with the same format are continuous.

· The CRBs assigned to the control channel with larger number of CRBs are mapped on the top of those with small number of CRBs.

· If there are both UL and DL scheduled related control channels destined to the same UE, the same format should be adopted.

· In addition to the number of OFDM symbols for control channel, which formats for control channel exist at this time can be informed in Cat.0 with few bits, e.g. 3 bits for 3 available MCS formats.  

.
4 Conclusion

In this contribution, the downlink L1/L2 control channel mapping is discussed. The following is proposed:
· The number of OFDM symbols for control channel is variable according to actual resource requirement of control signalling. Data transmission starts at the OFDM symbol next to the OFDM symbols for control channel.
· Each control channel consists of  one or multiple CRBs.

· Each CRB is mapped to a set of REs distributed in the entire system bandwidth of  
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 OFDM symbols.

· The size of CRB is constant when 
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is changed to minimize the number of control channel formats.
· The system bandwidth is equally divided into multiple control sub-bands. The elements of CRB are distributed in the control sub-bands. Cell-specific sequence is used to determine the frequency offset of CRE in each control subband for interference randomization.
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