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1 Introduction

In 3GPP 58 and 58bis meetings，the baseline DMRS patterns for regular sub-frame and DwPTS in Rel9 normal CP dual-layer beam-forming have been agreed[1]~[2]. In [4]~[7], the DMRS pattern design for Rel10 was discussed，and baseline pattern for rank3~4 was agreed in 58bis meeting，as shown in Figure 1[3]. The way forward on DMRS sequence generation is also agreed in 58bis meeting.
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             Figure 1  baseline pattern for Rel9 normal cp

The remaining issue for DMRS pattern design under normal CP is the pattern for rank5~8. 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 was agreed as the baseline DMRS multiplexing scheme for rank 5~8. The REs use the same locations as for rank3~4. But the following aspects are still kept open:

· OCC length: OCC can be 2 or 4. For OCC=4, there are two alternatives.
· Using CDM on 4 REs of same subcarrier but different time symbols, as shown in Figure 2-a.

· Using CDM on 4 REs closed to each other in one square cluster, as shown in Figure 2-b. 

· PRB bundling: Simulation results from some companies show certain performance gain for PRB bundling [12~13], but the scheduling constraints are introduced because the resource allocation granularity needs to be based on PRB bundling size besides the resource volumn that is actually needed. So whether or not the PRB bundling should be enabled depends on how much performances gain can be obtained.
2.1 DMRS design for normal CP subframe
· DMRS mapping in regular sub-frame

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. In patterns 2-a and 2-b where OCC=4, layers {0 1 4 6} and {2 3 5 7} are organized into two groups. In figure 2-c where OCC = 2, layers {0 1}, {2 3}, {4 6 } and {5 7} form groups respectively. Because the rank5~8 transmission is mainly used in scenarios of low Doppler and low frequency selective fading, our simulation results shown in this section are based on PA and TU channel with UE speed of 3km/h and 30km/h. 
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Figure 2 DMRS patterns for rank 5~8 in regular normal-CP sub-frame
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           Figure 3 Simulation result for patterns of rank 5~8
From the simulation results, we can observe that  

· In low UE speed(3km/h), all the patterns illustrated in figure 2 can get almost the same spectrum efficiency. 
· In TU channel with media UE speed(30km/h), frequency selective fading has bigger impact to patterns 2-b and 2-c, while Doppler fading has bigger impact to pattern 2-a, so three patterns also have almost the same spectrum efficiency.
· In PA channel with media UE speed(30km/h), the frequency selective fading is much weak and therefore the mainly factor effecting channel estimation is the Doppler fading that maybe large enough to break the CDM orthogonality, so in PA 30km/h, the spectrum efficiency of pattern 2-a is much worse than patterns 2-b and 2-c.
On the other hand, from the viewpoint of compatibility with rank 4, the REs on layer 1~4 in patterns 2-b and 2-c are different from those per same layer under rank 4; for pattern 2-a, the REs on layer 1~4 are the same as those per same layers under rank 4, however, the OCC value is different from the one used under rank 4. This means each of three patterns has certain drawback of incompatibility with lower rank, while such concern for pattern 2-a is smaller than for other two patterns.
So, from the performance point of view, pattern 2-b and 2-c is preferred, while from the compatibility point of view, pattern 2-a is slightly preferred. Because the advantage of pattern 2-a on compatibility issue is not very dominant, while patterns 2-b and 2-c have obvious performance advantages under median UE speed, we prefer to patterns 2-b and 2-c. Between these two, pattern 2-c seems better from the viewpoint of compatibility with lower rank. 
· DMRS mapping in DwPTS 

According to the baseline pattern of rank 3~4 agreed in RAN1-58bis, we think the following patterns as shown in Figure 4-a、4-b and 4-c are the most-likely candidates for DwPTS subframe of rank>4, as they use the same set of RE’s as under rank 4. Pattern 4-a and 4-b are based on OCC =4, while pattern 4-c is based on OCC = 2. Based on the analysis for regular sub-frame, patterns 4-b and 4-c are preferred. 
. 
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        (4-a)  OCC = 4                        (4-b)  OCC = 4
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                               （4-c）  OCC = 2
Figure 4  DMRS patterns in DwPTS   
2.2 PRB bundling
Two DMRS patterns are used in PRB bundling performance study: pattern 5-b is the baseline pattern for regular sub-frame of normal-CP, while pattern 5-a is a modified version of pattern 5-b such that the DMRS subcarrier spacing per layer is uniform under PRB bundling. The simulation parameters are shown in Appendix B. 
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           Figure 5  DMRS patterns for studying of PRB bundling
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Figure 6  Simulation results for different PRB bundling size
From the simulation results shown in Figure 6, we can see that the PRB bundling has almost no gain when applying to the baseline pattern (pattern 5-b), while larger bundling gain can be achieved on pattern 5-a under high SNR. 
3 Conclusion

In this contribution, DMRS pattern mapping for rank 5~8 is investigated. We get following simulation observations:
· For regular sub-frame of normal CP, different patterns (2-a, 2-b, 2-c) can get almost same performance for low UE speed (3km/h) in both PA and TU scenarios. For media UE speed in PA channel, the large performance gap between pattern 2-a and patterns (2-b, 2-c) can be observed.
· For PRB bundling, little performance gain can be achieved by PRB bundling based on the agreed baseline pattern; however, for the pattern with symmetric and smaller DMRS carrier spacing, obvious performance gain can be observed in high SNR end.
Based on the simulation results, we suggest that:

· In regular sub-frame of normal CP, pattern 2-a，2-b，2-c can be considered as alternatives for rank5~8. Pattern 2-c with OCC=2 is slightly preferred if UE speed as high as 30km/h is supported for rank5~8. In this case, the layers are grouped into CDM multiplexing as {0 1} {2 3}, {4,6},{5,7}. If only low UE speed (around 3km/hr) is supported for rank 5~8, pattern 2-a with OCC=4 is preferred and the layers are grouped into CDM multiplexing as {0,1,4,6} and {2,3,5,7}. 
· In DwPTS of normal CP, patterns 4-a, 4-b and 4-c can be considered, with pattern 4-c preferred if UE speed as high as 30km/h is supported, otherwise pattern 4-a is preferred. 
· Based on the baseline DMRS RE locations, PRB bundling is not necessary because of very small bundling gain. If PRB bundling should be considered, some modification to baseline pattern, such as pattern 5-a, should be considered; and the PRB bundling size could be 2 considering the trade-off between bundling gain and impact to scheduling granularity. 
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5 Appendix 
Appendix A:  Simulation parameters for DMRS pattern design in rank 5~8
	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	8×8 

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

	Antenna correlation
	Independent

	BW (MHz)
	5

	Frame structure
	LTE R8 FDD Normal CP

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

	# Control symbol
	3 

	Number of PRBs
	2

	Channel estimation
	2DMMSE every RBs 

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	5000

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

	MCS
	Link adaptation


Appendix B:  Simulation parameters for PRB bundling
	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	2 * 2  

	Propagation model
	TU  (30km/h,  60km/h   120km/h) 

	Antenna correlation
	Independent

	BW (MHz)
	5

	Frame structure
	LTE R8 FDD Normal CP

	TB  Layer
	1 codeword 2 layer

	# Control symbol
	3 

	Number of PRBs
	6

	Channel estimation
	2DMMSE 

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	5000 

	Pre-code
	6 PRB based SVD decomposition in every 5 sub-frame

	MCS
	Link adaptation 


_1322398190.vsd
DwPTS with 11 or 12 OFDM symbols


DwPTS with 9 or 10 OFDM symbols



_1323083577.vsd

_1323511469.vsd
0146


2357


0146


0146


2357


2357



_1323084535.vsd
DwPTS with 11 or 12 OFDM symbols


DwPTS with 9 or 10 OFDM symbols



_1322653427.vsd
Normal sub-frame



_1322653339.vsd
Normal sub-frame



_1321964329.vsd
Normal sub-frame


DwPTS with 11 or 12 OFDM symbols


DwPTS with 9 or 10 OFDM symbols



_1322398155.vsd
DwPTS with 11 or 12 OFDM symbols


DwPTS with 9 or 10 OFDM symbols



_1317709816.vsd

