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1 Introduction
The “Reference-signal 2-D sequence” was agreed at the last meeting as working assumption of the downlink reference signal design [1]. This document proposes our GCL-based downlink reference signal design [3]

 REF _Ref147305130 \n \h 
[4]

 REF _Ref149722828 \n \h 
[5] suitable to the assumption and shows the BLER performance.
2 Reference-Signal 2-D Sequence
2.1 Orthogonal sequence
Figure 2‑1 shows the orthogonal sequence (OS) in the case of a 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 OS indices  of 0, 2/3 and 4/3 from its neighboring RS sub-carriers. Then, the number of OS is three (3) as the working assumption. Assuming a 6 sub-carrier spacing of RS, the use of three OS indices allows a 3.7s orthogonality window. Although the 5.0s maximum delay of the TU channel model exceeds the window size, the impact on the channel estimation accuracy should be small, as previously presented in [4].
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Figure 2‑1. Orthogonal sequence.
2.2 Pseudo-random sequence
Pseudo-random sequence (PRS) was introduced as a part of “Reference-Signal 2-D Sequence”. As shown in Figure 2‑2, we propose a combination of a long sequence and a short sequence for PRS:

· Long sequence: group scrambling sequence (whose period is the same as the SCH period)
· Short sequence: GCL sequence (which is complete within each OFDM symbol)
Table 2‑1 also shows example numbers of the long and short sequences. A target number of PRS is suggested as 170, which should be equal to or greater than the cell ID requirement. Our proposed sequence design satisfies the target number of 170.
Table 2‑1. Numbers of sequences for Reference-signal 2-D sequence
	Candidates:
	1
	2

	Number of Pseudo-random sequences:

· Long sequences (Group scrambling)
· Short sequences (GCL)
	170
	170

	· 
	17
	34

	
	10
	5

	Number of Orthogonal sequences:
	3
	3

	Total number of Reference-signal 2-D sequences:
	510
	510
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Figure 2‑2. Pseudo-random sequence by a combination of group scrambling and GCL.
2.3 Sequence assignment
It was agreed that there should not be any constraints in the specification on how to assign different {PRS, OS} combinations to different cells. However, such constraints may be used by a particular operator to improve system performance. Therefore, we would like to show an example sequence assignment configuration in Figure 2‑3.
1. Orthogonal sequences

Is useful to cells belonging to a same Node-B in the case of 3 sectored-cell site. The blue, red and yellow indicate the CDM indices  of 0, 2/3 and 4/3, respectively.

2. PRS of GCL sequences

Can be applicable to a cell planning of 7-cell reuse. Each color indicates each other index of the GCL sequences. In this figure, 7 of 10 GCL indices are mapped. This assignment enjoys benefits of the good cross-correlation properties of GCL sequences with the same group scrambling sequence.

3. PRS of group scrambling sequences
Is useful to separate or merge Node-Bs into groups for cell planning. Each color indicates each other scrambling sequences and includes 7 Node Bs.
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Figure 2‑3. Sequence assignment example
3 Simulation Assumptions
3.1 Multi-cell models for fundamental performance investigation
In the simulation, the three kinds of multi-cell environments are modeled by pairs of a serving cell and an interfering cell, in order to investigate the fundamental performance characteristics of the sequences. An orthogonal sequence (by phase rotation), and a pseudo-random sequence (by a combination of a GCL sequence and a group scrambling sequence) are applied to each cell. By changing the assignments of the phase rotation and the sequences, the block error rate performance of the three multi-cell models listed below has been evaluated.
1. Cells belonging to a same NB (Same Node B)
Simulates two cells belonging to a same NB. OS indices of the phase rotation in the frequency domain assigned to the two cells are different, but the same indices of the GCL sequence and the group scrambling sequence are assigned to the both cells. Note that this model is to evaluate the intra-NB orthogonality.
2. Cells belonging to different NBs (Different Node Bs)
Simulates two cells belonging to different NBs. The indices of the GCL sequence and the phase rotation assigned to the two cells are different, but the same index of group scrambling sequence is assigned to the both cells. Note that this model is to evaluate the cross-correlation properties of GCL sequences among adjacent NBs.

3. Cells belonging to different NB-groups (Different Groups)
Simulates two cells belonging to different NB-groups. All the indices are different between the two cells. Note that this model is basically equivalent to using random sequences among cells.

The sequence assignments for the three models are summarized in Table 3‑1. The assignments can be considered any combinations of two adjacent cells (sectors) as shown in Figure 2‑3.

Table 3‑1. Multi-cell models (sequence assignment to each cell)
	#
	Multi-cell model
	OS by phase rotation
	PRS of GCL sequence
	PRS of group scrambling sequence 

	1
	Same Node B
	Different
	Same
	Same

	2
	Different Node Bs
	Different
	Different
	Same

	3
	Different Groups
	Different
	Different
	Different


3.2 Physical channel models
Figure 3‑1 shows the physical channel models in the simulation. Blue and red indicate the coding block and the RS sub-carriers, respectively, in a sub-frame. The left “(a) short coding block” is assumed for low-coding rate TDM control channels. This coding block is mapped onto the 1st OFDM symbol of the sub-frame and demodulated with only the primary RS in consideration of micro-sleep. The right “(b) long coding block” is assumed for shared data channel. This coding block is mapped onto the entire sub-frame and demodulated with both primary and secondary RS.
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Figure 3‑1. Physical channel model.
3.3 Simulation parameters
Table 3‑2 shows the simulation parameters [6].
Table 3‑2. Simulation parameters

	Total number of cells
	2

	Number of interfering cell(s)
	1

	System Bandwidth
	5 MHz

	Sampling Rate
	7.68 MHz

	Number of sub-carriers
	300

	Cyclic prefix
	Short CP

	RS sub-carriers spacing per antenna
	6

	Number of RS sub-carriers
	50

	GCL sequence length
	53

	GCL index assignment
	random selection

	CDM index assignment
	random selection [0, 2/3 and 4/3]

	Orthogonal window size of CDM
	3.7s

	NB-group-specific scrambling sequence
	pseudo random QPSK

	Scrambling sequence assignment
	random generation at every trial

	Modulation of data channel
	QPSK

	Channel coding
	Turbo code [r=1/3] and bit repetition

	Number of bit repetition
	1 (R=1/3) and

2 (R=1/6)

	Coding block size
	1 OFDM symbol (Short) and 
1 sub-frame (Long)

	Interleaver size
	same as coding block

	Number of Rx antennas
	2

	Number of Tx antennas
	2 (2x2) 

	Transmit diversity
	cyclic delay diversity

	Channel model
	Typical Urban (TU), Vehicular A (VA), Pedestrian B (PB) and Pedestrian A (PA)


4 Simulation Results 

The multi-cell models defined in Section 3.1are simulated in order to investigate the block error rate (BLER) performance. Figure 4‑1 and Figure 4‑2 show the BLER performances of a data channel and a low-rate control channel, respectively. The coding rate of the low rate control channel is selected in order to be operational in low CIR environments such as cell fringe. In each figure, the BLER performances for Pedestrian A (PA), Vehicular A (VA), Pedestrian B (PB), and Typical Urban (TU) channels are shown.
In all the simulation results, “Same Node B” provides the best performance, which is close to the ideal case. Moreover, the simulation results show advantages of “Different Node Bs” over “Different Groups”, which represent the advantage of the GCL RS over pseudo-random RS. Concerning this comparison, the following are observed:
· Figure 4‑1 simulates the high rate data channel. A gain of “Different Node Bs” over “Different Groups” on BLER is observed for all the channel models (PA, VA, PB and TU), because of the improved channel estimation by the good cross-correlation properties of GCL sequences [3]

 REF _Ref147305130 \n \h 
[4]

 REF _Ref149722828 \n \h 
[5].
· Figure 4‑2 simulates the low-rate control channel. The advantage of “Different Node Bs” increases, because the benefit of GCL RS on channel estimation accuracy is enhanced in low CIR conditions and the micro-sleep scenario.
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Figure 4‑1. BLER for 2x2 (R=1/3, Long block)
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Figure 4‑2. BLER for 2x2 (R=1/6, Short block)
5 Conclusion and Discussion
In this document, the BLER performance of the GCL-based RS was evaluated and compared with the random RS. According to the performance evaluation, the following can be concluded:

· BLER performance benefits can be obtained with the GCL RS, with the largest gains seen in low CIR control channel demodulation scenarios.

· BLER performance of the GCL RS (Different Node Bs) is at least as good as the random RS (Different Group), even for the higher CIR in the larger delay spread channel (such as TU and PB).
Regarding a questioned raised about the applicability of the GCL(CAZAC) properties among adjacent NBs if corresponding RS occupy different sub-carriers by static (or semi-static) interference co-ordination through fractional frequency re-use, the good cross-correlation properties of the GCL sequences would still be obtained whenever the RS of different NBs overlap. Given the limited number of available positions for an RS frequency re-use pattern such as 3 for 2 antenna case, RS overlap between various NBs can occur and therefore the GCL cross-correlation properties can be advantageous even in the case of RS frequency hopping.  Moreover, when the RS do not overlap, the GCL sequences perform as well as random sequences.  
Finally, it must be emphasized that the proposed RS design with group scrambling provides the operator the option of either limited sequence planning for improved performance, or conventional cell-specific scrambling with a random RS sequence by setting the group size to one. Hence, the case of a random RS sequence is included as a subset of the proposed design. 
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