3GPP TSG RAN WG1 Meeting #46bis                                                R1-062712
Seoul, Korea, October 9 – 13, 2006
Source: 

NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp
Title:
Scrambling Code in E-UTRA Downlink
Agenda Item:

6.3.1

Document for:
Discussion and Decision
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 scheme for the E-UTRA downlink.
2. Necessity of Scrambling
In E-UTRA, three inter-cell interference mitigation techniques are considered: interference randomization, interference coordination, and interference cancellation. Scrambling is necessary to achieve one-cell frequency reuse using interference randomization. Scrambling may also be beneficial in interference coordination and interference cancellation for randomizing the unexpected other-cell interference. In our view, since one-cell frequency reuse similar to W-CDMA is the baseline and scrambling does not harm the interference coordination and interference cancellation techniques, we prefer to include the scrambling function in the E-UTRA.
3. Configuration of Two-Dimensional Scrambling Code Appropriate for Scalable Bandwidth
In OFDM-based radio access, two-dimensional scrambling is necessary in order to randomize sufficiently the interference from the surrounding cells (sectors). Therefore, we proposed a two-dimensional cell-specific scrambling code assignment scheme, which is defined by the maximum transmission bandwidth, i.e., 20 MHz. Each cell site uses the central part of the scrambling code according to its transmission bandwidth in [2]. By using the proposed two-dimensional scrambling code assignment scheme, the following effects are obtained.

· The user equipment (UE) can detect the cell-specific scrambling code of the target cell during the cell search, only by testing a common set of scrambling codes irrespective of the transmission bandwidth of the cell.
· The UE does not have to prepare different scrambling codes for different transmission bandwidths. Thus, the UE can achieve fast cell search with a low level of computational complexity and small memory.

Examples of the proposed two-dimensional cell-specific scrambling code assignment schemes are given in Figs. 1(a) and 1(b). In Fig. 1(a), the scrambling code with the code length corresponding to the number of all sub-carriers is used. In the second OFDM symbol, the scrambling code is used, which is shifted by one code chip, i.e., one sub-carrier. In this way, the two-dimensional scrambling is possible by cyclically shifting the scrambling code by one code chip at every OFDM symbol in the time domain. Meanwhile, a two-dimensional scrambling code whose length is longer than the number of all sub-carriers for the maximum transmission bandwidth such as 20 MHz is used in the second example in Fig. 1(b).
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(a) Example 1: Scrambling code length equals number of sub-carriers for 20-MHz bandwidth case, and cyclic shift is used for time domain scrambling
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(b) Example 2: Scrambling code length equals product of number of sub-carriers for 20-MHz bandwidth case and number of OFDM symbols during scrambling period
Figure 1 – Proposed two-dimensional scrambling code assignment

For the scramble code sequence, a random binary sequence such as PN code is basically preferable considering the complexity of the spreading operation. On the other hand, it was proposed that a special sequence such as Generalized Chirp Like (GCL) sequence be applied as the scrambling code sequence for the reference signal [3]. In this case, the scrambling code sequence for the reference signal is defined independent of that for other physical channels. Furthermore, it is desirable to specify the one-to-one relationship between the scrambling sequence for the reference signal and the scrambling code for other physical channels as shown in Fig. 2.
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Figure 2 – Example of one-to-one relationship between scrambling sequence for reference signal and scrambling code for other physical channels
4. Scrambling for Downlink Physical Channels
4.1. Reference Signal
The use of the orthogonal CDM-based reference signal structure among cells (sectors) within the same Node B was agreed upon at the RAN1#46 meeting. Here, we define cells in the same Node B as sectors. To achieve an orthogonal CDM-based reference signal, we use a combination of a Node B-specific scrambling code and a sector-specific orthogonal sequence. Furthermore, orthogonal sequences are generated by phase rotation [1]. Figure 3 shows the scrambling code scheme associated with the orthogonal sequence for the reference signal. As mentioned earlier, the scrambling code for the reference signal may be defined independent of that for other physical channels.
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Figure 3 – Scrambling code and orthogonal sequence for downlink reference signal
4.2. Broadcast Channel (BCH)
The BCH transmits system information for the initial connection setup. The BCH also transmits sector-specific information. Therefore, a sector-specific scrambling code is required in order to randomize the received signals between neighboring sectors. In this case, we prefer the use of a sector-specific scrambling code, which is uniquely generated from the Node B-specific scrambling code [4]. Therefore, we propose multiplication of the combination of a cell-specific scrambling code and a sector-specific orthogonal sequence in order to generate the sector-specific scrambling code as shown in Fig. 4.
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Figure 4 – Sector-specific scrambling scheme for BCH
4.3. Synchronization Channel (SCH)
No cell-specific scrambling code is multiplied to the SCH.
4.4. Paging Channel (PCH) and Paging Indicator (PI)
We proposed using synchronous transmission and soft-combining within the same Node B for the PCH and PI to achieve high quality reception [5]. Thus, only a Node B-specific scrambling code is multiplied to the PCH and paging indicator channel as shown in Fig. 5. This scrambling scheme may be used for intra-Node B MBMS channel (if it exists).
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Figure 5 – Scrambling code for PCH
4.5. 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 [6]. Accordingly, we propose the application of a sector-specific orthogonal sequence to the L1/L2 control channel to achieve orthogonality among channels with spreading (repetition) within the same Node B. However, among these channels without spreading (repetition), inter-sector randomization is necessary. Thus, we multiply a sector-specific scrambling code to the channels without spreading instead of an orthogonal sequence. Figure 6 shows the Node B-specific scrambling code and sector-specific code multiplication scheme for the shared data channel and L1/L2 control channel. Alternatively, we can also use the sector-specific orthogonal sequence to generate the sector-specific scrambling code in a manner similar to that for the BCH.
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Figure 6 – Node B-specific scrambling code and sector-specific code multiplication scheme for shared data channel and L1/L2 control channel
4.6. Multimedia Broadcast Multicast Service (MBMS) Channel
The synchronous transmissions from multiple Node Bs taking advantage of soft-combing are applied to the MBMS channel to improve the reception quality for OFDM based radio access [6]-[9]. 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. 7.    
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Figure 7 – MBMS service-specific scrambling code for MBMS channel
5. Conclusion
In this paper, our views on a scrambling scheme for the E-UTRA downlink were presented. The following is a summary of our views.
· Two-dimensional scrambling is necessary to achieve one-cell frequency reuse.
· A two-dimensional cell-specific scrambling code should be defined by the maximum overall transmission bandwidth, i.e., 20 MHz, and for an overall transmission bandwidth of less than 20 MHz, a central portion of the defined cell-specific scrambling code should be used.
· A scrambling code multiplexing method for different physical channels was proposed.
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