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1 Introduction

In the 3GPP RAN1 58# meeting in August 2009, way forward [1] on enhanced DL Transmission for Release 9 to support dual-stream beamforming was almost approved, as further simulations to compare the performance of different DM RS patterns needed. With DM-RS patterns, the following is considered in the way forward [1]: 
· DM-RS patterns 

· CDM multiplexing of two layers as shown next slide is baseline

· same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10

· DM-RS structure for DwPTS and/or extended CP may be different from regular sub-frames w/ normal CP

·  based on performance considerations

The DM-RS pattern for normal CP is almost agreed, but the DM-RS pattern for extended CP is still open, this contribution investigates 6 DM-RS patterns for extended CP, which is divided into 3 pattern groups. Each pattern group has CDM and FDM multiplexing modes and 3 pattern groups have 24, 20 and 16 REs used for RS resources respectively. By simulation results comparison of these six DM-RS for extended CP, we propose the hybrid CDM/FDM patterns with 16 and 24 REs shall be considered for further study.
2 The different reference signal patterns
Extended CP mode is likely to be used only when the delay spread of the channel is long, therefore the pilot REs of extended CP in FD dimension shall be more dense than pilot REs of normal CP. The patterns considered for extended CP are included in Figure 1-3, which is used for supporting rank 2. In these figures, the DM-RS patterns in one sub-frame designs are based on different multiplexing structure such as CDM and FDM to maintain the orthogonality of DM-RS across different layers. There are total 3 pattern groups with 24, 20 and 16 REs in each group. Each group have FDM and CDM patterns respectively. In FDM pattern, 2-3 columns of REs distributed across one-subframe with one RE granularity are assigned to a layer or a UE. In CDM design, two layers are combined by 4,6 spreading columns of RE distributed in one subframe with granularity of 2 REs, and the two layers or users RSs are multiplexed by orthogonal codes to guarantee the minimum interference cross-talk interference. In figures, Port6 and Port 7 corresponding rank 2 patterns are obtained by using two different colour boxes shown in figures. 
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Figure 1:  O24_FDM pattern


        O24_CDM pattern

1) 20RE DM-RS Pattern group
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Figure 2:  O20_FDM pattern



  O20_CDM pattern

2) 16RE DM-RS Pattern group
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Figure 3:  O16_FDM pattern



图6 O16_CDM pattern

3 Link Level Simulation Results with Extended CP
In this section, we study the performance of different UE-RS patterns based on different multiplexing structure such as CDM, FDM/TDM for extended CP according to the DM-RS design in Section 2. Table 1 outlines the simulation assumptions for UE-RS simulations.
Table 1 Simulation Assumptions for UE-RS Simulations
	Number of Antenna
	8×2, dual polarized antenna 

	Carrier Frequency
	2.0 GHz

	system bandwidth
	10M, 50RB

	Channel Model
	SCME Urban Macro，3km/h、30km/h、120km/h、350 km/h

	Rank adaptation 
	OFF for SNR~BLER performance

	Number of allocated PRBs 
	5RB

	Precoder generation
	SVD based on ideal uplink SRS

	Precoding granularity
	per PRB

	Link adaptation
	OFF, {QPSKx1/2},{16QAMx1/2},{64QAMx1/2}

	MIMO detection algorithm
	LMMSE

	Power boosting for DM-RS
	Yes for FDM and TDM pattern

No for CDM patterns

	Channel estimation for DRS
	Per-PRB 2D-MMSE filter

	Channel Coding
	Turbo code

	HARQ
	OFF


In these simulations, no adaptive rank selection is considered and only rank2 is simulated for performance comparison. The precoding matrices are generated based on the ideal SRS with Singular value decomposition. The REs corresponding to FDM/CDM groups in Figure 1- Figure 3 are used for UE-specific pilots and CRS pilots in a PRB and the remaining REs are used for data. The power of DM-RS one RE is boosted by 3dB for FDM pattern compared to power allocation for one RE in CDM pattern. The power of the pilots on all transmitted layers is equal and pilot power per pilot RE and data power per data RE are equal. 
The BLER performance simulation results of different DM-RS patterns shown in Figure 4 to Figure 6, in which only rank 2 is considered. For release 9, the CDM pilot REs for rank2 case can be on the same location as the rank 1.  In the simulations, 3km/h, 30km/h, and 120km/h scenarios are investigated. 
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Figure 4:  BLER performance Comparison of different DM-RS pattern with 3km/h

1) 30km/h
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Figure 5: BLER performance Comparison of different DM-RS pattern with 30km/h
2) 120km/h
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Figure 6: BLER performance Comparison of different DM-RS pattern with 120km/h

Figure 4-6 shows the BLER performance vs SNR curves for different DM-RS with different speeds. The simulation results show that increasing the number of DM-RS REs from 16 to 24 would increase the BLE performance. As CDM-based patterns may lose orthogonality in high speed scenarios as demonstrated in several contributions before, the higher the speed, the more degradation from CDM mode can be observed.   
With regarding to the simulation results, we summarize the following observations of the 3 DM-RS pattern groups:
· The O24 pattern group perform the best in high and low speed scenarios of all the 3 different pattern groups, especially in high speed scenarios. However, the overhead with this group pattern is the highest. Considering extension to high rank support and the compatibility with release 8, the DM-RS pattern in both FDM and CDM can be considered for extended CP. 
· The performance of the O20_FDM and O20_CDM pattern group is in middle level of the 3 pattern groups. But the performance loss with this pattern with is marginal in high and low speed scenarios when compared with O24 group. The disadvantage with this pattern group is that the distribution of REs is more irregular compared to the O24 and O_16 groups, however, it has better tradeoff between the overhead and performance compared to the O24 pattern group. If the compatibility with Release 8 and extension of the DM-RS pattern for high pattern with Release 10 is not required, this pattern might be considered for FFS. 

· Compared to the pattern group O20 and O24, group O16 has the worst BLER performance. However, the overhead with this pattern group is best of all. With high speed scenarios and 64QAM modulation, the performance loss from this pattern group is significant, especially with CDM multiplexing mode.
4 Conclusion

In this contribution we study three UE-RS pattern groups which could be suitable for dual stream beam forming in Rel 9 for extended CP through the link level simulations. From the simulation results, we have
· The O24 group pattern provides the best performance of all 3 DM-RS patterns in extended CP mode. Although the overhead with this pattern is high, consider compatibility with Release 8 and extension of the DM-RS pattern for high pattern with Release 10 and consider further the large cell is usually supported and channel is more frequency selective in extended CP, the density of pilot REs in a subframe shall be higher than the normal CP, therefore, O24 group can be FFS. 

· Although the CDM of O16 group has the worst BLER performance, but with mobility scenario and low order modulation, the loss from this pattern is marginal. Considering the high mobility scenario, the FDM of the OF16 has the better performance than the CDM of O20 and O24 Pattern.  Further consider the least overhead with this pattern group, the O16 has good trade-off between the performance and overhead. Therefore, the O16 pattern group seems be most promising.
With the simulation results and analysis, of all 3 pattern groups, we recommend RAN1 consider adopting both O16 and O24 UE-RS patterns for extended cyclic prefix for further study.    
References
[1] R1-093697 “Proposed Way forward on Rel-9 Dual-layer beamforming for TDD and FDD”
[2] R1-093100, “Link analyses of different reference signal designs for dual-stream beamforming”, Qualcomm Europe, RAN #58 
[3] R1-092554, “UE-specific reference symbols for dual-layer beamforming”, Nokia, Nokia Siemens Networks, RAN #57bis
[4] R1-093484, DM RS design in DwPTS for Rel-9 dual layer beamforming
[5] R1-092732, “Some considerations on dual layer beamforming,” Ericsson

[6] R1-092770, “UE-specific RS for Dual-layer BF”, CATT, Potevio















_1314728048.vsd
even-numbered slots


odd-numbered slots


Port6


Port7



_1316012296.vsd
even-numbered slots


odd-numbered slots


Port6


Port7



_1316012346.vsd
even-numbered slots


odd-numbered slots


Port6


Port7



_1314728210.vsd
even-numbered slots


odd-numbered slots


Port6


Port7



_1316012148.vsd
even-numbered slots


odd-numbered slots


Port6


Port7



_1314727744.vsd
even-numbered slots


odd-numbered slots


Port6


Port7



