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1 Introduction

At RAN1 #58bis, dual layer demodulation reference signal (DM RS) design with normal CP was agreed [1] for both regular sub-frame and DwPTS, as shown in Figure 1.
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                  Figure 1 baseline pattern for R9 normal CP
At RAN1 #59, some text proposals for DMRS under extended CP were proposed, but no consensus reached at last. The conclusion was that the dual layer beam-forming does not support extended CP in R9 [2] at this stage. That means the study of DMRS pattern design for dual layer beam-forming in extended CP will be delayed into R10.
In this contribution, we further studied the DMRS pattern design issue under extended CP for regular sub-frame.
2 DMRS design for rank 1~4 in ext-CP
2.1 consideration for DMRS pattern in rank1~4
In RAN1 59 meeting, the disagreement for DMRS design in extended CP for rank1~2 mainly came from the following concerns [3] ~ [8].
· Overhead:  12 RE or 16 RE? 
· Staggering: whether staggering will be allowed for DMRS pattern in extended CP?
· Commonality with normal CP: the commonality to DMRS structure of normal-CP will be maintained under extended CP, but to what extend should such commonality be defined? 
Based on above concerns, we should first study how much performance degradation will be if common structure is used for extended CP compared with other choices, and how much performance enhancement will be gained if staggering is used.
In this contribution, we focus on the DMRS structures as shown in figure 2, in extended CP for regular sub-frame. The overhead of patterns 2-a and 2-b is 16REs per layer（32REs for rank3~4）, and the overhead of patterns 2-c, 2-d and 2-e is 12REs per layer（24REs for rank3~4）. Among all the patterns, staggering is enabled in pattern 2-a and 2-e. Pattern 2-e shares the most common structure with that of normal CP; and pattern 2-d with only a small change to reduce the carrier space.
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          Figure 2 DMRS pattern design for extended CP in regular sub-frame
For rank 3~4, layer-3/4 are FDM multiplexed with layer-1/2 as shown in figure 2. On the other hand, some companies also expressed that maximum four layers should be supported under extended CP. If so, rank3~4 transmission is mainly used for UEs with low speed and therefore better channel conditions, such as TU channel with UE speed <= 30km/h. In these cases, CDM-only based multiplexing method as shown in figure3 can be another class of alternatives. In figure 3, CDM-T multiplexing is adopted. The OCC length equals to 2 for rank 1-2 and 4 for rank 3-4. With this CDM-only multiplexing, no additional control signaling is needed to inform UE of the power offset information between DMRS and data per layer.
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Figure 3 CDM-only DMRS pattern design for extended CP in regular sub-frame for rank3~4
2.2 Performance evaluation

Besides the simulation patterns shown in section 2, more simulation assumptions can be found in Appendix A. The patterns shown in section 2.1 are evaluated under TU and VehB channel, with joint channel estimation. Figure 4 gives the performance comparisons for rank2 transmission, and the performance comparisons for rank4 are given in Appendix B. From the simulation results, we can observe that:

· For rank2, in TU channel, at low UE speed(3km/h), pattern 2-c gets the best spectrum efficiency performance, but with increased UE speed, the performances of staggered patterns (patterns 2-a, 2-c) decrease quickly. In VB channel, with low UE speed, patterns 3-d get better spectrum efficiency performance. But with the increased UE speed, this advantage also disappears. 
· From the comparison of simulation results between rank2 and rank4, we also can get another observation that, the spectrum efficiency for rank 4 is even worse than that of rank2 in VB scenarios. So the optimization of DMRS for extended CP in VB scenarios seems only meaningful for rank <=2; for the cases of rank >2, the TU channel should be used for evaluation.
· For rank4, CDM-only based multiplexing outperforms FDM+CDM hybrid multiplexing for low UE speed(3km/h) because of low overhead; for median UE speed(30km/h) in TU channel, the performance impact to the CDM-only pattern starts to be obvious compared to hybrid multiplexing patterns, but both CDM-only and hybrid patterns can still get comparable performance.   
· In scenario of extended CP, there might be many UE’s in good channel conditions, such as UEs in the cell center, so high rank transmission should also be considered, and the evaluation for high rank transmission should be taken under TU or PB channel.
Based on the discussion in RAN1 #59 meeting, there are mainly two standpoints in the selection of DMRS pattern under extended CP:
· Design for structure commonality with normal CP: according to this standpoint, the DMRS pattern for extended CP should be compatible to that of normal CP as much as possible to reduce the UE complexity. Under this criteria, patterns 2-d or 2-e are preferred because of much similar structure to that under normal CP.
· Design for performance optimization: according to this standpoint, the scenarios for extended CP are mainly applied to suburban or hilly terrain, so the DMRS pattern design should be mainly considered for UEs with much severed conditions such as VB channel. Under this criteria, we think pattern 3-a or 3-d or 2-a are better choice due to their performances in different scenarios. Further more, if maximum number of layers for extended CP is 4, we think CDM-only multiplexing (3-a or 3-d) should be considered, because these patterns can satisfy the performance requirement in much severe situation and the overhead under high rank is low at same time. If maximum number of layers for extended CP is 8, CDM-only multiplexing method can be used for rank1~4, CDM+FDM multiplexing method can be used for rank5~8. Same set of RE locations can be used across rank 1~8.
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Figure 4 Simulation results
3 Conclusion

In this contribution, the DMRS patterns for extended CP are considered, and the simulation results for both rank 2 and rank 4 based on different patterns are given. From the simulation result, following conclusions can be obtained.
· In VB scenarios, the spectrum efficiency of rank4 transmission is even worse than rank2 transmission. So VB channel can be mainly used for the rank1 or rank2 transmission. When the rank is larger than 2, TU and PB should be used to evaluate the DMRS pattern design.
· For DMRS pattern under extended CP,
· If commonality with normal CP is the design preference, pattern 2-d or 2-e are preferred.

· If the performance optimization is the design focus, pattern 3-a or 3-d or 2-a are preferred, and the optimization for VB channel should be done only for rank1~2. 
· For rank 1~4 CDM-only based multiplexing method is more preferred because of the satisfying performance under VB channel and the low overhead for rank 3~4. 
· For rank 5~8, CDM+FDM multiplexing method can be considered. 
· Same set of RE locations can be used across rank 1~8.
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Appendix A  Simulation assumptions
	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	8×2(2 layers)，8×4(4 layers)

	Propagation model
	TU/ Veh B  (3km/h  30km/h  120km/h  60km/h) 

	Antenna correlation
	Independent

	BW (MHz)
	5

	Frame structure
	LTE R8 FDD extended CP

	TB  Layer
	Rank 2: 1 codeword (2 layer per codeword); 
Rank 4: 2 codeword(2 layer per codeword)

	# Control symbol
	3 

	Number of PRBs
	4

	Channel estimation
	2DMMSE

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	5000 

	Pre-code
	Per RB based SVD decomposition in every 3 sub-frame

	MCS
	Link adaptation, with OLLA enabled


Appendix B  Performance comparison for rank 4 transmission in regular subframe.
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