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1 Introduction
The “two-dimensional reference signal sequence” has been agreed as working assumption of the downlink reference signal design [1][2]. This document proposes a GCL-based downlink reference signal design and also shows the block error rate performance in multi-cell environments.
2 Two-Dimensional Reference Signal Sequence
2.1 Orthogonal sequence (OS)
The phase rotation of 0, 2/3 or 4/3 corresponding to the cell ID is applied to the reference signal sub-carriers as an orthogonal sequence. At the 6 sub-carrier spacing of the reference signals, the orthogonal sequence allows a 3.7s orthogonal window.
2.2 Pseudo-random sequence (PRS)
As shown in Figure 2‑1, the proposed pseudo-random sequence is the composition of a long and short sequence by element-wise product. A total of 170 composite sequences corresponding to the cell group ID is provided. Within a same long sequence, the good cross correlation properties of the GCL sequences are preserved. Each element of the composite sequence is mapped onto a single sub-carrier, that is, not to be spread onto 3 sub-carriers by phase rotation. The properties of the long and short sequence are below.
· Long sequence:
· 17 scrambling sequences
· BPSK/QPSK sequence based on a long PN sequence

· Common for variable bandwidth, simply discarding unnecessary part for narrow band
· Starting position (offset) of the PN sequence tied to the long sequence index (0 to 16)

· Same length as radio frame or SCH period
· Short sequence:
· 10 GCL sequences [3]
· Complete sequence within each OFDM symbol
· Sequences of primary and secondary RS in a slot may be different
[image: image1.emf]2nd RS (GCL sequence) 1st RS (GCL sequence)

time

freq.

Group scrambling sequence

Radio frame or SCH period (FFS)

2nd RS (GCL sequence) 1st RS (GCL sequence) 2nd RS (GCL sequence) 1st RS (GCL sequence)

time

freq.

Group scrambling sequence

Radio frame or SCH period (FFS)

Group scrambling sequence

Radio frame or SCH period (FFS)


Figure 2‑1. Pseudo-random sequence by a combination of long and short sequence.

3 Sequence assignment
It has been agreed that there should not be any constraints in the specification on how to assign different {OS, PRS} combinations to different cells. However such constraints may be used by a particular operator to improve system performance. Therefore, this section shows an example sequence assignment configuration as Figure 3‑1.
a) 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 OS indices  of 0, 2/3 and 4/3, respectively.
b) Short sequences of pseudo-random sequences

Can be applicable to cell planning of such a 7-NB reuse. Each color indicates a different index of the short (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 within a same long (scrambling) sequence.

c) Long sequences of pseudo-random sequences
Is useful to separate or merge Node Bs into groups for cell planning. Each color indicates a different scrambling sequences and includes 7 Node Bs.
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Figure 3‑1. Sequence assignment example.
4 Simulation Results
Figure 4‑1 shows the block error rate (BLER) performance results for TU, VA, PA and PB channels in the SA&E case 1 and 3 [4]. The two sequence assignment scenarios listed below were evaluated. In any channel, the proposed 7-NB grouping (blue) is better than or at least similar to the no grouping (green) due to the GCL property (also see Appendix B).
· 7-NB grouping (the proposed assignment described in Section 3)

· 7 short sequences reused in every group
· Each group scrambled by a different long sequence

· Orthogonal sequences applied to the 3 cells belonging to a same Node B

· No grouping (conventional NB-specific scrambling)
· Each Node B using a different short sequence

· Each Node B scrambled by a different long sequence

· Orthogonal sequences applied to the 3 cells belonging to a same Node B
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Figure 4‑1. BLER performance.
5 Conclusion
This document presented a GCL-based downlink reference signal design in accordance with the current working assumptions and showed BLER performance results in multi-cell environments. It should be emphasized that the proposed design provides an operator the option of either limited sequence planning for improved performance, or conventional NB-specific scrambling by assigning different long sequences.
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Appendix A: Simulation Conditions
Table A - 1 and Table A - 2 show the link- and system-side parameters, respectively. The target channel is such a control channel mapped onto the 1st and 2nd OFDM symbols. The channel estimation is done by only the primary RS in consideration of the micro-sleep mode and MCH/MBSFN sub-frames. The operation mode is “no hopping”. The system is synchronous.
Table A - 1. Link-side parameters

	System bandwidth
	5 MHz

	Sampling rate
	7.68 MHz

	Number of sub-carriers
	300

	Cyclic prefix
	Short

	RS sub-carrier spacing per antenna
	6

	Number of RS sub-carriers
	50

	Short (GCL) sequence length
	53

	GCL index assignment
	random selection

	Orthogonal window size
	3.7s

	Long (scrambling) sequence
	pseudo random QPSK

	Scrambling sequence assignment
	random generation at every trial

	Modulation of data channel
	QPSK

	Channel coding
	Turbo code [r=1/4] and bit repetition

	Coding rate
	R=1/8

	Coding block size
	2 OFDM symbols (1st and 2nd)

	Number of RS used for channel estimation
	1 (primary only)

	Number of information bits
	122

	Interleaver size
	same as coding block

	Number of Tx / Rx antennas
	2 / 2

	Transmit diversity
	cyclic delay diversity

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


Table A - 2. System-side parameters
	SA&E simulation case
	1, 3

	Cellular layout
	Hexagonal grid, 19 cell sites, 3sectors per site

	Inter-site distance
	500m, 1732m

	Distance-dependent path loss
	L=128.1+37.6log(R) dB

	Lognormal shadowing standard deviation
	8dB

	Shadowing correlation between cells
	0.5

	Shadowing correlation between sectors
	1.0

	Penetration loss
	20dB

	BS antenna gain
	14dBi

	BS Horizontal antenna pattern
	70° 3dB-bandwidth, 20dB front-to-back ratio

	BS antenna bore-sight
	Flat side of cell

	BS transmit power
	43dBm

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	Minimum distance between UE and cell
	35m


Appendix B: Channel Estimation Accuracy
Figure A - 1 shows the results of the mean square error (MSE) of the channel estimation for PA and TU channel by 2-cell link simulation (one serving cell and another interfering cell) as presented in [5]. The blue lines for “Different Node Bs” are tied to the Node B boundaries in a same NB group, that is, the proposed assignment case (7-NB grouping). The red lines for “Different Groups” are related to the Node B boundaries of different NB groups or NB-specific scrambling case (no grouping). In the lower CIR regions, GCL-based sequence gives better channel estimation accuracy so that it may help RS-RSSI and RS-SINR measurement in the neighbor cell search.
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Figure A - 1. Channel Estimation MSE of 2-Cell Model.
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