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1. Introduction
At the RAN1#40bis (Beijing) and RAN1#41 meetings (Athens), most companies proposed OFDM based radio access in the downlink. It is anticipated that OFDM-based radio access will be the most promising scheme in the downlink. This contribution proposes a common pilot channel structure employing a sector-specific orthogonal sequence and scrambling code assignment for OFDM based radio access in the Evolved UTRA downlink. 

(Note) In this contribution, we define a cell in the same Node B as a sector. 

2. Motivation of Proposal

In a cellular system with one-cell frequency reuse, the cell-specific scrambling code is essential in the downlink to randomize the interference from the surrounding cells. In WCDMA, a sector-specific scrambling code is adopted in the downlink. Thus, the scrambling code is different among sectors in the same cell (i.e., Node B).  When the sector-specific scrambling code is applied to OFDM-based radio access in the downlink, each modulation symbol of the pilot channel suffers from inter-sector interference. 


The influence of inter-sector interference on the pilot channel is significant particularly for an inter-sector handover user. The reasons for this are as follows. In inter-sector diversity (handover), the quality of the traffic data channel is improved by fast sector selection or simultaneous transmissions that take advantage of soft-combining [1]. However, the channel estimation using the pilot channel in the inter-sector diversity is not improved compared to the case with a one-link connection due to the inter-sector interference. Therefore, improvement in the channel estimation especially in inter-sector handover is essential.

3. Proposed Orthogonal Common Pilot Channel and Scrambling Code

3.1. Proposed scrambling code assignment
In the OFDM-based radio access, two-dimensional scrambling is necessary in order to randomize sufficiently the interference from the surrounding cells (sectors). One example of a two-dimensional scrambling code is shown in Fig. 1 [2]. In the figure, the length of the scrambling code corresponds to the number of sub-carriers. The scrambling code is multiplied over the sub-carriers in the frequency domain. In the next symbol, the scrambling code is shifted by one code chip along the frequency domain. As a result, two-dimensional scrambling is achieved using the one scrambling code. However, if a different scrambling code is used in each sector, each pilot symbol at each sub-carrier suffers from interference mainly from the symbol in the same position of the contiguous sectors. 
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Figure 1 – Example of two-dimensional scrambling code
3.2. Proposed common pilot channel using sector-specific orthogonal sequence
Proposed Common Pilot Channel Using Sector-specific Orthogonal Sequence
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Figure 2 – Proposed scrambling code assignment
We propose the scrambling code assignment described below and as shown in Fig. 2.

(1) The same cell-specific scrambling code assignment among sectors in the same Node B

We propose that all sectors in the same cell use the same cell-specific scrambling code.

(2) Use of a sector-specific orthogonal sequence

We propose using a sector-specific orthogonal sequence to distinguish sectors in the same cell. Thus, a sector-dependent scrambling code for the pilot channel is generated through the multiplication of a cell-specific scrambling code and a sector-specific orthogonal sequence. Two examples of sector-specific orthogonal sequences are given in Fig. 2. The first is an orthogonal variable spreading factor (OVSF) sequence. The second example is an orthogonal sequence using phase rotation.


Note that even when the proposed sector-specific orthogonal sequence is used for the pilot channel, we do not always need to perform despreading to derive the channel estimate. As shown in Fig. 3, for User #1, who is not an inter-sector handover user (i.e., located at the center of the sector in general), the pilot symbol of each sub-carrier can be used directly as the channel estimate without despreading. Furthermore, for the inter-sector handover user (User #2), the inter-sector interference from the contiguous sectors can be avoided for the pilot channel by despreading, leading to accurate channel estimation.
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Figure 3 – Concept of sector-specific orthogonal sequence


More precise sector-specific orthogonal sequence assignments are given in Fig. 4 when the pilot symbol is mapped at all sub-carriers, every two and four sub-carriers in the frequency domain. Figures 4(a) and 4(b) use OVSF codes and orthogonal sequences with phase rotations. As shown in the figures, inter-sector interference can be avoided by the orthogonality among pilot channels even when the pilot symbol is mapped every two or four sub-carriers.
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(a) OVSF code                             (b) Orthogonal sequence with phase rotation

Figure 4 – Example design of sector-specific orthogonal sequence assignment

3.3. Scrambling code for other channels

Other channels with data modulation are not orthogonal to each other even when orthogonal sequences are employed. Thus, there are two options for scrambling codes for other channels with data modulation. 

· Use the same scrambling code as in the pilot channel, which is a combination of a cell-specific scrambling code and a sector-specific orthogonal sequence.

· Use a sector-specific scrambling code, which is uniquely generated from the cell-specific scrambling code as shown in Fig. 5. 
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Figure 5 – Sector-specific scrambling code for other channels
4. Simulation Evaluations

We investigated the effect of the orthogonal pilot channel in the same Node B from the viewpoint of the packet error rate (PER) performance in the downlink. Table 1 lists the radio parameters assumed in the link-level simulations [4].

Table 1 – Simulation Parameters
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Figure 6 shows the average PER performance for the intra-Node B handover user as a function of the signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per antenna. We assume simultaneous transmission and soft-combining as intra-Node B macro diversity in the same Node B. In this case, the desired signal is transmitted from two sectors to the intra-Node B handover user. In the figure, parameter sec dB represents the difference in the average received signal power at a set of UE, corresponding to the difference in the distances from the two sector antennas. We assume a time division multiplexing (TDM) based common pilot channel, in which one pilot symbol is multiplexed by TDM at the beginning of each sub-frame (TTI). In the channel estimation in soft-combining, channel estimates from the two sectors, which are independently obtained using the sector-specific orthogonal sequence, are combined. In the figure, the blue and red lines respectively indicate the performance using the sector-specific orthogonal sequence and a random sequence, which corresponds to the use of a sector-specific scrambling code. We employed phase rotation to generate the sector-specific orthogonal sequence. Figure 6 shows that the PER performance using the proposed orthogonal pilot channel is improved compared to that of the conventional pilot channel sequence, particularly in QAM modulation irrespective of sec.
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Figure 6 – Average PER performance for intra-Node B macro diversity UE

We focus on the PER performance of a set of UE with a one-link connection. The antenna gain based on [4] is depicted in Fig. 7(a). The resultant relative gain considering inter-sector interference, sec = Psect#1/ (Psect#2 + Psect#3), is given in Fig. 7(b).  Thus, from Fig. 7(b), we approximate the relative signal-to-inter-sector interference to be sec = 15 dB at the middle azimuth within a sector. Figure 8 plots the average PER performance as a function of the average received Es/N0 for a set of UE located at the middle azimuth in a sector. We find that even at the middle location in azimuth, the common pilot channel with a sector-specific orthogonal sequence can reduce the required average received Es/N0 for 16QAM and 64QAM modulations.    
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Figure 7 – Antenna gain and sec value
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Figure 8 – Average PER performance for UE located at the middle azimuth 
5. Conclusion

In this document, we proposed a pilot channel structure and scrambling code assignment for OFDM based radio access in the Evolved UTRA downlink. In the proposed scrambling code assignment, the combination of the same cell-specific scrambling code assignments among sectors in the same cell and the sector-specific orthogonal sequence is employed. Furthermore, we proposed a pilot channel structure in terms of the definitions, usage for each transmission beam, and the pilot symbol mapping schemes.
6. Text Proposal (Section 7.1.1.2.2 in TR25.814)
---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.1.2.2 Downlink pilot structure
For the downlink common pilot structure, the combination of the same cell-specific scrambling code assignment among sectors in the same Node B and a sector-specific orthogonal sequence should be employed as shown in Fig. 1.
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Figure 1 – Common pilot channel structure employing a sector-specific orthogonal sequence and cell-specific scramble code assignment
--------------------------------- End of Text Proposal  -----------------------------------------------------
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