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1. Introduction
In the RAN1#46 meeting in Tallinn, the use of the code division multiplexing (CDM)-based reference signal among cells (beams) in the same Node B was decided. This paper presents our views on CDM-based reference signals assuming various numbers of cells within the same Node B.
(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 [1]-[3]. 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.  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, by 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. 
However, more than three sectors must be supported within the same Node B to allow flexible cell deployment in E-UTRA as discussed in the RAN1#46 meeting. Considering a six sectored cell, 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 16 sub-carriers. Thus, assuming the Typical Urban power delay profile model with the coherent bandwidth of approximately 200 kHz, orthogonality is not maintained over the six reference symbol duration.

Therefore, to support more than three sectors, there are two approaches. The first approach is the extension of orthogonal CDM by using a combination of a phase rotation sequence and a sector-common (Node B specific) scrambling code. The second approach is the combined use of three orthogonal sequences and different scrambled codes, which was suggested by Ericsson in the E-mail reflector discussion. In this case, orthogonality to neighboring sectors is no longer maintained for six sectors, although very flexible cell deployment can be achieved.
Therefore, we propose a reference signal structure that supports more than three sectors within the same Node B.
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Figure 1 – Phase rotation assignment for orthogonal reference signals in three-sectored cell
3. Approach 1: Reuse of CDM-Based Orthogonal Reference Signals to Support More Than Three Sectors
We previously proposed spatial reuse of the same orthogonal reference signals in the same Node B in [1], as shown in Fig. 2. The reuse of orthogonal sequences was also indicated by TI in the E-mail reflector discussion. As shown in the figure, three reference signals with the relative phase rotation of 2/3 are reused in mutually opposite sectors. Consequently, the orthogonality between the contiguous sectors is achieved for six sectors in the same Node B. When the beams of different sectors are sufficiently non-overlapped and the allocation of orthogonal sequences to multiple sectors are well-coordinated with the beam design, we can achieve a sufficiently low level of interference from the reference signal of different sectors that use the same phase rotation sequence.
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Figure 2 – Reuse of orthogonal reference signals with phase rotation in six-sectored cell 
Alternatively, we can apply phase rotation assignment for orthogonal reference signals that support up to six sectors without reuse of orthogonal reference signals. Figure 3 shows the phase rotation assignment for orthogonal reference signals that support up to six sectors. In this case, 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. However, when this phase rotation assignment is employed, the UE must change the despreading interval to achieve orthogonality according to the located sector index and interfering sector index as shown in Fig. 3. Since the change in the despreading interval according to the located sector index and interfering sector index makes the process of channel estimation at the UE complex, we prefer to reuse the phase rotation sequence that supports up to three sectors as shown in Fig. 2.
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Figure 3 – Phase rotation assignment for orthogonal reference signals that support up to six sectors
4. Approach 2: Non-Orthogonal CDM by Using Different Scrambling Codes for Different Sectors to Support More Than Three Sectors

The second approach is the combined use of three orthogonal sequences and different scrambled codes as shown in Fig. 4. In this case, orthogonality to neighboring sectors is no longer maintained for six sectors, although very flexible cell deployment can be achieved. However, assuming an indoor environment for example, it may be difficult to design the sector arrangement so that the beams of different sectors do not overlap. In this case, the application of different scrambling codes to different sectors will simplify the allocation of orthogonal sequences to the respective sectors. This is because even if the same orthogonal sequences are allocated to two neighboring sectors with overlapped beams, the despreading process at the channel estimation can suppress the interference of the reference signal of the neighboring sector.
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Figure 4 – Non-orthogonal CDM of reference signals using different scrambling codes
5. Conclusion: Views on Reference Signal Structure to Support More Than Three Sectors

Based on the discussion in Sections 3 and 4, our views on the CDM-based reference signal structure for supporting more than three sectors are as follows.

· Orthogonal CDM with a scrambling code common to multiple sectors within the same Node B should be prioritized.
· When the number of sectors within the same Node B is greater than three, there are two options.
· Option 1: Reuse of orthogonal reference signal patterns designed for three sectors for sectors with different beams
· Option 2: Application of different scrambling codes to different sectors with overlapped beams
· To achieve flexible cell deployment, both options should be supported in the specification.
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