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1 Introduction

In the last meeting, a design of reference signal (RS) using GCL sequence was proposed [1]. The proposed design leverages the good cross-correlation properties of GCL sequences, which provides improved channel estimation accuracy by mitigating impacts of interference from neighboring cells. On the other hand, Code Division Multiplexing (CDM) using phase rotation was proposed [2], in order to suppress interference between cells belonging to a same Node-B. 

This document describes how the RS design approach of [1] can be applied to the case where CDM is used between cells belonging to the same Node-B. Moreover, it is shown that the good cross-correlation properties are maintained in various situations.

2 Sequence Mapping and CDM (Phase Rotation)
Figure 1 shows the RS sequence mapping scheme for a single-antenna configuration on a sub-frame with the short CP length. The yellow sub-carriers on the first OFDM symbol of the sub-frame (primary RS) are assigned one of the available GCL sequences. The pink sub-carriers on the fifth OFDM symbol (secondary RS) are assigned another one of the available GCL sequences. In the case of the two transmit-antennas configuration, two additional GCL sequences are mapped onto other sub-carriers of the first and fifth OFDM symbols in a staggered fashion (with a 3 sub-carrier offset from each other). As a result, a total of four sequences are transmitted as set of RSs. However, note that the same pair of GCL sequences can be used for both antennas (e.g., GCL sequence 1 used by 1st antenna on primary RS and by 2nd antenna on secondary RS, GCL sequence 2 used by 2nd antenna on primary RS and by 1st antenna on secondary RS). 
Also note that the reason for using separate GCL sequences on the primary and secondary RS is to support the UE micro-sleep technique (being considered in LTE to improve UE battery life) together with good sequence cross correlation properties. In particular, each RS contains a complete GCL sequence, thus providing the good cross correlation properties even when only one of the two RSs is utilized for channel estimation and demodulation.  
Code Division Multiplexing (CDM) of the reference signal cells belonging to the same Node-B (NB), which offers interference-reduction for UEs near the sector boundaries of the same NB cell edge, was suggested in [2].  Next, it is described how the GCL RS design can be combined with the CDM concept of [2] using phase rotations in the frequency domain.

Figure 1 also shows the phase rotation scheme applied to RSs for the single-antenna configuration on a sub-frame with the short CP length. Each RS sub-carrier on the same OFDM symbol is phase rotated by one of the CDM indices  of 0, 2/3 and 4/3, which are common in every NB in case of 3-sectored cell sites, from its neighboring RS sub-carriers. The phase offset  between the primary and secondary RS in the sub-frame can be arbitrary. Besides, it is possible to use a specific offset according to sequences, CDM indices or both. Assuming a 6 sub-carrier spacing for the RS, the use of three CDM indices provides a 3.7s orthogonality window. Although, in the TU channel model, the maximum delay of 5.0s exceeds the window size, its effect to the channel estimation accuracy should be small. Thus the good cross correlation properties of GCL sequences are maintained when CDM is applied. We show the simulation results in Section 4.
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Figure 1 RS sequence mapping scheme for single antenna configuration

3 RS Sequence Assignment

In this section, we describe a simple three-layered RS sequence assignment to NBs and cells. The first layer is cell-specific phase rotation for CDM, the second is NB-specific GCL sequence and the third is NB-group specific scrambling sequence.
First Layer: Cell-Specific phase rotation for CDM
Figure 2 shows an example of the first layer of the proposed RS sequence assignment in the case of 3-sectored cell sites. The blue, red and yellow indicate the CDM indices  of 0, 2/3 and 4/3, respectively. Every NB uses the same CDM indices.

3.1 Second Layer: NB-Specific GCL Sequence

Figure 3 shows an example of the second layer of the proposed RS sequence assignment.  For simplicity, this example is illustrated for a case where nineteen different GCL indices are assigned to the NBs in geometric cluster (group). Within the NB group, the good cross correlation properties of GCL sequences are maintained since all sequences have a different GCL index.

3.2 Third Layer: NB-Group Specific Scrambling Sequence

Figure 4 shows an example of the third layer of the proposed RS sequence assignment in case of reuse pattern of 19 NBs. Each color indicates an NB-group having a group-specific scrambling sequence  (group scrambling). Group scrambling sequences can be pseudo-random sequences. When the group scrambling is applied, interference between the NBs using the same GCL sequence index but belonging to different groups, will be randomized and can be considered as additive white gaussian noise.
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Figure 2 Assignment example of  cell-specific phase rotation for CDM
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Figure 3 Assignment example of NB-specific GCL sequence
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Figure 4 Assignment example of NB-group-specific scrambling sequence


Performance 

Mean square errors (MSE) of the estimated channel response for three situations are evaluated in a multi-cell environment. The channel estimation MSE provides an indication of CQI estimation accuracy, and also indicates the expected trends is link performance between the various RS design strategies.  The multi-cell environment is simply modeled by pairs of a serving cell and an interfering cell, in order to emphasize the fundamental properties of the sequences. In the simulations, all the sequences (the cell-specific phase rotation for CDM, the NB-specific GCL sequences and the NB-group specific scrambling sequences) are always applied to each cell. By changing assignments of the sequences to each cell, the following three situations are simulated:

1. Cells belong to a same NB (Same Node B)
Simulate two cells belonging to a same NB. CDM indices assigned to the two cells are different, but the same GCL index and same NB-group index are assigned to both cells. Orthogonality of RS between the two cells is achieved.

2. Cells belonging to different NBs (Different Node Bs)
Simulate two cells belonging to different NBs. GCL indices assigned to the two cells are different, but a same NB-group index is assigned to both cells. The good cross-correlation properties of GCL sequences are provided.

3. Cells belonging to different NB-groups (Different Group)
Simulate two cells belonging to different groups. All the indices are different between the two cells.  Note that this case is basically equivalent to a RS design strategy that uses random RS among different NBs.
The sequence assignments for the three situations are summarized in Table 1.

Table 1 sequence assignment to each cell

	#
	Situations
	Cell-specific phase rotation for CDM
	NB-specific GCL sequence
	NB-group specific scrambling sequence 

	1
	Same Node-B
	different
	same
	same

	2
	Different Node Bs
	different
	different
	same

	3
	Different Groups
	different
	different
	different


A UE in one of the two cells estimates the channel response from the serving cell based on the received RS. The received RS is divided by the RS sequence, and then transformed to time domain by IDFT. A rectangular window and a threshold proportional to estimated interference power are applied to the transformed signal, in order to reduce the undesired signal from the interfering cell. In the simulations, only the primary RS is used for the channel estimation, in order to reflect the micro-sleep operation.
The other conditions for the simulations are summarized in Table 2.

Table 2 Simulation conditions
	Bandwidth
	5 MHz

	Number of sub-carriers
	301

	RS sub-carriers spacing
	6

	Number of RS tones on the primary RS symbol
	51

	GCL sequence size
	53


Figure 5 and Figure 6 show the MSE of the channel estimation for pedestrian A (PA) and typical urban (TU) channels, respectively.
It is observed that “Different Node Bs” provides better performance than “Different Groups”. It is because the good cross-correlation properties of GCL sequence are maintained in multi-path channels with cell group scrambling when the cells are belonging to a same NB-group. It is also because the good cross-correlation properties of GCL sequences are maintained, even when CDM using cell-specific phase rotation is applied to cells belonging to a same NB.
Moreover, it is observed that “Same Node B” provides better performance than “Different Node Bs”. It is because the orthogonality between cells belonging to a same NB improves the channel estimation accuracy further. 

	
[image: image5]
Figure 5 Channel estimation MSE for PA Channel
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Figure 6 Channel estimation MSE for TU Channel


4 Conclusions

This document described how CDM can be combined with the GCL-based RS design, in order to suppress interference between RSs from cells belonging to a same Node B. It was explained how the GCL reference signal reduces the inter-Node B interference, and the CDM reduces the intra-Node B interference further.

Moreover, the channel estimation performance was evaluated. In the simulation, the phase rotation and the group scrambling with pseudo random sequences were applied to the GCL reference signal. From the simulation results, the following can be concluded:

· The good cross-correlation properties of GCL sequences are maintained in multi-path channels with cell group scrambling, when the cells are belonging to a same NB-group.

· The good cross-correlation properties of GCL sequences between different Node-Bs are maintained, even when CDM is applied for RS from cells belonging to a same Node B.
· The CDM orthogonality property between cells of the same Node-B is preserved in the proposed combined GCL/CDM design.
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