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1. Introduction

In the E-UTRA downlink using OFDM based radio access, scrambling codes are essential in randomizing the interference from surrounding cells [1]. This paper proposes a scrambling code scheme for the E-UTRA downlink.

2. Scrambling Code for Downlink Physical Channels 

(1) Pilot Channel (Reference Signal)

We proposed an orthogonal pilot channel structure among sectors within the same Node B [1]. Here, we define cells in the same Node B as sectors. To achieve an orthogonal pilot channel, we use a combination of cell (Node B)-specific scrambling code and a sector-specific orthogonal sequence. Furthermore, orthogonal sequences are generated either by the Walsh-Hadamard code or by phase rotation [1]. Figure 1 shows the scrambling code scheme associated with the orthogonal sequence for the pilot channel.
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Figure 1 – Scrambling code and orthogonal sequence for downlink pilot channel.

(2) Broadcast Channel (BCH)

The BCH transmits system information for initial connection setup. The BCH also transmits sector-specific information. We propose multiplication of the combination of a cell-specific scrambling code and a sector-specific orthogonal sequence as shown in Fig. 2. 
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Figure 2 – Scrambling code and orthogonal sequence for BCH.

(3) Synchronization Channel (SCH)

No scrambling code is multiplied to the SCH.

(4) Paging Channel (PCH) and Paging Indicator Channel

We proposed using synchronous transmission with delay diversity and soft-combining within the same Node B for the PCH and paging indicator channel to achieve high quality reception [2]. Thus, only a cell-specific scrambling code is multiplied to the PCH and paging indicator channel as shown in Fig. 3. Spreading, i.e., repetition coding, is applied to the PCH and paging indicator channel to satisfy the required received Eb/N0 at the cell boundary based on link budget.
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Figure 3 – Scrambling code for PCH.

(5) Shared Data Channel and L1/L2 Control Channel

A cell-specific scrambling code is required to randomize other-cell interference from different Node Bs. To enable one-cell frequency reuse, we must support very low geometry conditions below approximately -5 dB at the cell boundary. However, the channel coding gain is almost saturated at the coding rate of approximately 1/5. Therefore, additional spreading, i.e., repetition coding, is necessary in order to support a very low geometry condition. We proposed the application of spreading (repetition) in addition to the use of a low channel coding rate [3]. Accordingly, we propose the application of a sector-specific orthogonal sequence to the shared data channel and L1/L2 control channel to achieve orthogonality among channels with spreading (repetition) within the same Node B as shown in Fig. 4.  However, among these channels without spreading (repetition), inter-sector randomization is necessary. Thus, we multiply a sector-specific scrambling code with the repetition interval of one radio frame length to the channels without spreading instead of an orthogonal sequence. Figure 5 shows the cell-specific scrambling code and sector-specific code multiplication scheme for the shared data channel and L1/L2 control channel. Based on the use of spreading, the sector-specific sequence, i.e., whether orthogonal sequence or scrambling, is changed.
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Figure 4 – Orthogonal transmission between sectors.

[image: image5.wmf]User data or 

L1/L2 control 

signaling

Channel coding 

and 

Data modulation

Cell

-

specific 

scrambling code

N(= 2 

-

16)

-

length orthogonal sequence when 

spreading is used

or

N(= 2100 for 5 MHz)

-

length scrambling sequence 

when spreading is not used

User data or 

L1/L2 control 

signaling

Channel coding 

and 

Data modulation

Cell

-

specific 

scrambling code

N(= 2 

-

16)

-

length orthogonal sequence when 

spreading is used

or

N(= 2100 for 5 MHz)

-

length scrambling sequence 

when spreading is not used


Figure 5 – Cell-specific scrambling code and sector-specific code multiplication scheme 

for shared data channel and L1/L2 control channel.

(6) Multimedia Broadcast Multicast Service (MBMS) Channel

The application of synchronous transmissions from multiple Node Bs taking advantage of soft-combing was proposed for the MBMS channel to improve the reception quality for OFDM based radio access [3]-[6]. To enable soft-combining, a common scrambling code must be used among cells providing the MBMS services. Scrambling is still necessary to randomize the interference from the Unicast cells. Therefore, we propose using an MBMS-service-specific scrambling code as shown in Fig. 6.    
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Figure 6 – MBMS service-specific scrambling code for MBMS channel.

3. Conclusion

In this paper, we proposed unified scrambling code multiplexing method to different physical channels in the E-UTRA downlink using OFDM based radio access.
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