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1 Introduction

In 3GPP 58 and 58bis meeting，the baseline DMRS patterns for regular sub-frame and DwPTS in Rel9 normal CP dual-layer beam-forming have been agreed[1]~[2], as shown in figure1. In [3], the way forward on DMRS sequence generation is also agreed in 58bis meeting. Design of Rel 9 normal CP DMRS is almost finished, except some detail problems.
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             Figure 1  baseline pattern for Rel9 normal cp

In [4]~[7], the DMRS pattern design for Rel10 were discussed and baseline pattern for rank3~4 was agreed in58bis meeting as shown in figure 2.
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          Figure 2 baseline pattern of rank 3~4 in Rel 10 for normal cp

The DMRS patterns for rank5~8 of both extended CP and normal cp are not determined yet. In this contribution, we mainly focus on the DMRS design and performance evaluation for rank5~8.

2 DMRS design for rank 5~8
In RAN1-58bis, FMD+CDM based DMRS design for rank 3~8 was agreed as the baseline. In normal CP frame, OCC=2 for rank 3~4 and the pattern shown in figure 2 was agreed as the baseline. The design for rank5~8 has not been achieved agreement and this contribution will mainly focus on following points.
OCC=2 or 4? According to the baseline agreed in RAN1-58bis, in normal CP frame for rank 5~8, same REs as shown in figure 2 will be used. Base on this agreement, OCC can be 2 and 4. For OCC=2, early study already showed that performance of CDM-T is better than the performance of CDM-F. For OCC=4, there are two designs:
· Using CDM on 4 REs in the same subcarrier but in different symbols.

· Using CDM on 4 REs in one square. 

· DMRS density for rank 5~8. In some contributions, they said that rank 5~8 is mainly applicable in low speed and small time delay spread channel, so we can reduce the overhead of DMRS for rank 5~8. And then how many DRMS REs are appropriate needs to be studied.
2.1 DMRS overhead
For rank5~8, we only study DMRS in low speed environment. The channels used for normal CP and extend CP are PA and PB respectively. In order to study the overhead of DMRS for rank 5~8, the assumption of OCC=4 shown in figure 3 is used in this contribution.
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Figure3  different DMRS overhead in normal CP and extend CP
For rank 5~8, in low speed and small time delay spread environment, the overhead of DMRS can be reduced more. Whether this is only applicable in small time delay spread environment needs to be studied further. In low speed multi-path environment with rich scatters, rank 5~8 transmissions are also applicable but the overhead should be kept the same as the overhead of rank 3~4.
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(Normal CP)
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                       (extended CP)
Figure 4 simulation result for different DMRS overhead in Normal CP and extended CP

For normal CP, in PA channel and 3km/h moving speed, 3N-b has better performance than 3N-a. But when the speed or the time delay spread increases little, the performance of 3N-b has obvious degradation. For extend CP, in PB and TU channel, 3E-b has better or same performance compare with 3E-a.。
2.2 DMRS design consideration for Normal CP 
· DMRS mapping in Regular subframe

According to the agreement of RAN1-58bis, for rank 5~8, when considering same overhead with rank 3~4, there are several patterns for OCC=2 and OCC=4. For OCC=4, in pattern 3-a and 3-b, layers {0 1 4 6} are one group and layers {2 3 5 7} are another group. In figure 5-c, the OCC = 2, and layers {0 1}, {2 3}, {5 7} and {6 8} form groups respectively. For rank5~8, mainly used in scenarios of low speed UE and (such as not higher than 3km/h) and low frequency selective fading, so in this section, we only simulated for PA 3km/h scenarios.
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       Figure5 DMRS pattern for rank 5~8 in regular sub-frame
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        Figure6 simulation result of the above pattern
From the simulation results, we can see that above designs have same spectral efficiency performances. But from the point of compatibility with rank 1~4, for pattern 5-b and 5-c, the REs occupied by rank 1~4 are different compared with agreement baseline of rank 3~4 design, and pattern c, the OCC value if different compared with rank1~4, which means, both of them have some drawbacks in point of compatibility.
· DMRS mapping in DwPTS 

In RAN1-58bis, there are few contributions discussed about the mapping of DMRS in DwPTS for rank 5~8. But according to the baseline pattern of rank 3~4 agreed in RAN1-58bis, we think the following patterns are the most possible candidates. Pattern7-a are based on OCC =4, and pattern 7-b, and 7-c are based on OCC = 2, the same RE group is used as rank 3~4. The simulation results with different DwPTS configuration in figure 8 and Appendix C
.
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Figure 7  DMRS pattern in DwPTS   
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Figure 8，simulation result of above pattern with DwPTS configuration with 12 OFDM symbols
Since rank 5~8 are mainly used in the scenarios of small delay spread and low or moderate speed UEs, the simulations are running only in PA and PB scenarios with UE speed of 3km/h. From the simulation results, we can see that above two designs have similar performances. But in point of compatibility with rank 1~4 design, 7-a is a little more preferable.
2.3 DMRS design consideration for extended CP 

High rank mainly used in the scenarios where there are sufficient multi-path signals and good CQI cases. When a user is near the centre of large cell, the interference is often low enough for high rank transmission. So we think the high rank transmission still need to be considered. In this section we studied high rank DMRS design in extended CP .   
· DMRS mapping in Regular sub-frame

For extended CP, since the time delay spread of multi-path signal is much larger than normal CP cases, the frequency selective fading is more serious, especially when a user is located in the cell edge, so most companies agree that higher DMRS density in frequency direction is needed for extended CP. In this section, we mainly considered the DMRS design with overhead of 32 RE/RB. In figure 9, two patterns with OCC=4 and OCC = 2 were considered. And the simulation results in PB 3km/h and PB 30km/h were given out in figure 10.  From the simulation results we can see that two patterns can get almost same performance in PB scenarios with UE Speed <= 30km/h.
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                Figure9 DMRS pattern for rank 5~8 in DwPTS
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             Figure 10 simulation result of the above pattern
· DMRS mapping in DwPTS
For extended CP, there are totally 6 OFDM symbols which are not be used by PDCCH and CRS. Since at least the last two OFDM symbols will be used for UpPTS and GP, there are at most 4 OFDM symbols which can be used to map DMRS. When DwPTS is configured to be 8 OFDM symbols, there are only 3 OFDM symbols can be used for mapping DMRS. So it is difficult to design DMRS patterns based on OCC = 4, especially when DwPTS is configured with 8 OFDM symbols. Figure 11-a ~11-e gives several DMRS patterns based on the overhead of 32 RE/RB. Figure 11-a and 11-b give the patterns when DwPTS is configured with 10 or 9 OFDM symbols, and figure11-c, 11-d and 11-e give out the patterns when DwPTS is configured with 8 OFDM symbols. and simulation results with different DwPTS configuration were give out in figure 12 and Appendix D.
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                 Figure 11  DMRS pattern in DwPTS   
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Figure 11 simulation results in DwPTS with DwPTS configured with 10 OFDMsymbols
From the simulation result, we can see that pattern 11-b can get better performance than pattern 11-a in scenarios of PB 3km/h with DwPTS configured with 10 or 9 OFDM symbols, and pattern 11-d can get the better performance than pattern 11-c and 11-e when DwPTS configured with 8 OFDM symbols.
3 Conclusion

In this contribution, DMRS pattern mapping for rank 5~8 were investigated and some simulation results were provided, from the simulation results, we can get following conclusions:
· For normal CP, in PA 3km/h scenarios, overhead of 16RE/RB(3N-b) can get better performance than 24 RE/RB(3N-a), but with increasing of UE speed(to 30km/h), the performance gap between above two cases will be decreased. While in TU 30km/h scenarios, 24 RE/RB will be better than 16RE/RB. For extended CP, the performance 24RE/RB(3N-b) is much better than 32RE/RB(3N-a) in PB scenarios(3km/h and 30km/h), but in TU scenarios,  pattern 3E-a and 3E-b almost can get same performance. 
· For normal CP, in regular sub-frame, different patterns(5-a, 5-b,5-c) with OCC =2 and OCC = 4 can get almost seem performance in PA 3km/h scenarios. For extended CP, different patterns(9-a, 9-b) with OCC = 2 and OCC = 4 can also get almost same performance in PB scenarios with UE speed of 3km/h and 30km/h.
· In DwPTS,  for normal CP, pattern7-a(OCC = 4) and pattern 7-b can get almost same performance in PA and PB 3km/h scenarios. For extended CP, pattern 11-b(OCC =2) can get a little better performance than pattern 11-a(OCC = 4) in case of DwPTS configured with 10 or 9 OFDM symbols, and pattern 11-d can get the best performance compared with 11-c and 11-e when DwPTS configured with 8 OFDM symbols.
Based on the simulation results, we suggest that:
· Although in normal CP DMRS pattern with 16RE/RB can get better performance in PA scenarios and 24 RE can get better performance in PB channels in extended CP, we may need to consider some scenarios worse than PA and PB when we use only 5 or 6 layers. Such sceanarios can be 30km/h and TU scenarios.  In these scenarios, 24 RE/RB in normal CP or 32 RE/RB in extended CP can get better performance, so we suggest to keep the overhead of 24RE/RB in normal CP and 24RE/RB or 32 RE/RB in extended CP for rank5~8. 

· In regular sub-frame，for Normal CP，we suggest that 3-a，3-b，3-c considered for rank5~8; and for extended CP, pattern 7-a and 7-b can be considered. 
· In DwPTS, for normal CP, 5-a and 5-b can be considered. And for extended CP with DwPTS configured with 10 or 9 OFDM symbols, 9-a and 9-b should be considered. When DwPTS is configured with 8 OFDM symbols, 9-d can be considered.
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5 Appendix A
Simulation parameters 

	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	8×8，

	Propagation model
	PA/PB  (3km/h,  30km/h) 

	Antenna correlation
	Uncorrelated

	BW (MHz)
	5

	Frame structure
	LTE R8 FDD Normal CP/extended CP

	TB  Layer
	2 codeword 8 layer(4 layer per codeword)

	# Control symbol
	2 

	Number of PRBs
	2

	Channel estimation
	2DMMSE every RBs

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	5000 (Simulation in each TTI is independent)

	Pre-code
	Per RB based SVD decomposition in every 5 sub-frame

	MCS
	Link adaptation


6 Appendix B 
Simulation result for different overhead in Normal CP and extended CP 
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     simulation result for different DMRS overhead in Normal CP
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 simulation result for different DMRS overhead in extended CP

7 Appendix C
Simulation results with different DwPTS configuration in normal CP 
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  DwPTS configured with 12 OFDM symbols
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DwPTS configured with 11 OFDM symbols
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DwPTS configured with 10 OFDM symbols
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  DwPTS configured with 9 OFDM symbols
8 Appendix D
Simulation results with different DwPTS configuration in extended CP
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DwPTS with 10  OFDMsymbols；
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              DwPTS with 9 OFDM symbols
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DwPTS with 8 OFDM symbols；
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