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1. Introduction
In the Ad Hoc LTE meeting in Helsinki, the use of the code division multiplexing (CDM)-based orthogonal pilot channel among sectors (beams) in the same Node B was agreed upon as a working assumption in the E-UTRA downlink [1]-[3]. Based on link and system-level simulations, we showed the superiority of a CDM-based orthogonal reference signal for sector beams in the same Node B and the clear gain obtained [3], [4].  Moreover, through E-mail discussions on the downlink reference signal, most companies agreed on the CDM-based orthogonal reference signal for sectored beams in the same Node B. This paper proposes CDM-based orthogonal reference signals using phase rotation for a six-sectored cell and the multiplexing of frequency division multiplexing (FDM)-based orthogonal reference signals for up to four-antenna transmissions in the E-UTRA downlink.
(Note) In this contribution, we denote a cell in the same Node B as a sector. 

2. Problems to Be Solved
Figure 1 shows the orthogonal reference signal using phase rotation for a three sector configuration, which we proposed in [3], [5]. In the proposed phase rotation assignment, the phase rotations of = 0, 2/3, and 4/3 are assigned to Sectors #1, #2, and #3, respectively, along the frequency axis, while the phase rotations of = 0, 4/3, and 2/3 are assigned to Sectors #1, #2, and #3, respectively, along the time axis. By employing phase rotation assignment, the orthogonality among reference signals of the three sectors is achieved by despreading the three reference signal symbols. The orthogonality is achieved in any of the following three despreading methods. 

· Case 1: Despread three contiguous reference signal symbols belonging to the first OFDM symbol position at each sub-frame. 
· Case 2: Despread three reference symbols with the closest positions, i.e., two contiguous symbols in the first OFDM symbol position and one reference symbol in the fifth OFDM symbol position
· Case 3: Despread three reference symbols with the closest positions, i.e., one reference symbol in the fifth OFDM symbol position and two contiguous reference symbols in the first OFDM symbol position in the next sub-frame
Thus, using the same phase rotation assignment, the optimum despreading is possible according to the channel conditions at a user equipment (UE) such as the delay spread and Doppler frequency. 

Considering a six sectored cell, the orthogonality is achieved by despreading six reference symbols. However, as shown in Fig. 1, the frequency bandwidth including six reference symbols has the duration of 15 sub-carriers. Thus, assuming the Typical Urban power delay profile model with the coherent bandwidth of approximately 200 kHz, the orthogonality is not maintained over the six reference symbol duration. Therefore, the combined use of three orthogonal sequences and different cell-specific scrambled codes was suggested by Ericsson in the E-mail reflector discussion. However, orthogonality to neighboring sectors is no longer maintained for six sectors. Therefore, we propose unified phase rotation assignment, which is also applicable to six sectors.
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Figure 1 – Phase rotation assignment for orthogonal reference signals in three-sectored cell
3. CDM-Based Orthogonal Reference Signals for Six-Sectored Cell
In this section, we present the CDM-based orthogonal reference signals using phase rotation for a six-sectored cell. First, we propose the unified phase rotation assignment for orthogonal reference signals in Section 3.1. As an alternative approach, we previously proposed spatial reuse of orthogonal sequence in [5], which is described in Section 3.2. The reuse of orthogonal sequences was also indicated by TI in the E-mail reflector discussion. 
3.1. Unified Phase Rotation Assignment

Figure 2 shows the proposed unified phase rotation assignment method. In the proposed method, the relative phase rotation of 2/3 is given to Sectors #1, #2, and #3 similar to the case in the three-sectored cell. Similarly, the relative phase rotation of 2/3 is given to Sectors #4, #5, and #6. Moreover, the relative phase rotation between Sector #1 and Sector #4 is set to /3. Accordingly, since the relative phase rotation between the target sector and contiguous sectors is at least 2/3, the orthogonality between contiguous sectors is achieved by despreading three reference symbols at most for all sectors in the same Node B. 
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Figure 2 – Unified phase rotation assignment for orthogonal reference signals in six-sectored cell
By using the proposed phase rotation assignment, the orthogonality is maintained for all cells in the situation where one hotspot cell is located within the three-sectored cell as shown in Fig. 3.  This means that the orthogonality among four sectors in the same Node B is achieved in the unified phase rotation assignment. 
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Figure 3 – Unified phase rotation assignment for orthogonal reference signal when hotspot cell is located in the sectored cell
3.2. Spatial Reuse of Orthogonal Reference Signals with the Same Phase Rotation
Another method to create orthogonal reference signals with the same phase rotation is to employ spatial reuse of the same orthogonal reference signals in the same Node B as shown in Fig. 4. As shown in the figure, the three reference signals with the relative phase rotation of 2/3 are reused in the sector, the azimuth of which is mutually phase-shifted by . Consequently, the orthogonality between the contiguous sectors is achieved for six sectors in the same Node B. 
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Figure 4 – Reuse of orthogonal reference signals with phase rotation in six-sectored cell 
Table 1 lists the features of the unified phase rotation assignment and reuse of reference signals with the same phase rotation. In conclusion, we propose to use either the unified phase rotation assignment or the reuse of reference signals with the same phase rotation for a six-sectored cell. As a result, the orthogonality between the contiguous sectors is achieved for all sectors in the same Node B. 
Table 1 – Features of unified phase rotation assignment and reuse of reference signals with the same phase rotation
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4. FDM-Based Orthogonal Reference Signals for MIMO Up to Four Antennas
Figures 5(a) and 5(b) show the multiplexing of orthogonal reference signals for single-antenna transmission and two-antenna transmission, i.e., 2-by-2 MIMO transmission, respectively. In the single-antenna transmission, the reference signal overhead is 4.7% whereas, it becomes double, i.e., 9.5%, in the case of a two-antenna transmission. In the two-antenna transmission, hence, the same tracking ability both in the time and frequency domains and the same orthogonal accuracy are achieved as in the single-antenna transmission. 
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(a) Single-antenna transmission (4.7% overhead)
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(b) Two-antenna transmission (9.5% overhead)
Figure 5 – Multiplexing of orthogonal reference signals for single- and two-antenna transmissions
Next, the multiplexing of orthogonal reference signals for a four-antenna transmission is given in Fig. 6. The reference signal overhead is 9.5%, which is identical to that for the two-antenna transmission. Reference signals for the 1st and 2nd antennas are multiplexed in the first OFDM symbol position, while the 3rd and 4th antennas are in the fifth OFDM symbol position. This is because the control channel such as the L1/L2 control information is transmitted from the 1st and 2nd antennas, possibly with space time block code (STBC) or cyclic delay diversity (CDD), so that the UE with two receiver antennas is supported. In the multiplexing for a four-antenna transmission, the separation between contiguous reference symbols both in the frequency and time domains becomes two times longer than that for the two-antenna transmission. Thus, it is estimated that the tracking ability of the channel variation in the frequency and time domains is degraded especially in a six-sectored cell, although the 4-by-4 MIMO transmission is focused on low mobility conditions. In this case, supplementary reference signals may be necessary to improve the tracking performance for channel variation. 
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Figure 6 – Multiplexing of orthogonal reference signals for four-antenna transmission
5. Conclusion

This paper proposed two methods to create CDM-based orthogonal reference signals employing phase rotation for a six-sectored cell: Unified phase rotation assignment and the reuse of reference signals with the same phase rotation. We also presented the multiplexing of FDM-based orthogonal reference signals for separating streams from up to four transmission antennas.  
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