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1 Introduction

In previous RAN1 meetings, DMRS patterns with normal-CP are agreed for any rank, and are shown in Figure 1. In RAN1 #59, some text proposals were raised for rank-2 DMRS pattern under extended CP, but no consensus reached at last, and the conclusion is that the dual layer beam-forming for extended-CP is not supported in R9 [2]. The study of DMRS pattern design for dual layer beam-forming or rank 1~2 under extended-CP was postponed into R10.
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Figure 1 Baseline pattern for normal-CP
In this contribution, we continue the study on DMRS pattern design under extended-CP for regular sub-frame.
2 DMRS design for rank1~4 of extended-CP
2.1 Consideration for DMRS pattern for rank1~4
In RAN1 #59 meeting, the failure to agree upon DMRS design of extended-CP for rank1~2 was mainly caused by the following arguments [3] ~ [8].
· Overhead: 12 RE/layer/PRB or 16 RE/layer/PRB. 
· Staggering: whether staggering is applied to DMRS pattern under extended-CP.

· Commonality with DMRS pattern under normal-CP: to what extend the commonality should be between DMRS structure under normal-CP and under extended-CP. 
In this contribution, the DMRS patterns shown in Figure 2 are studies for extended-CP in regular sub-frame. The overhead of patterns 2-a and 2-b is 16REs（32 REs for rank3~4）, and overhead of 2-c, 2-d and 2-e is 12REs（24 REs for rank3~4）. Among all the patterns, staggering is enabled for patterns 2-a and 2-c, and pattern 2-e has the most similar structure to that of normal-CP.
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Figure2 CDM+FDM DMRS patterns for extended-CP in regular sub-frame
There is another opinion in RAN1 that the maximum number of layers under extended-CP should be 4, instead of 8; moreover, rank3~4 transmission is mainly used for UEs with low speed and therefore with better channel conditions, such as TU channel plus UE speed <= 30km/h. If this would be the case, CDM-only based multiplexing method or, to be more specific, CDM-T multiplexing as shown in Figure 3, can be another type of alternative. The OCC length equals to 2 for rank 1~2, and equals to 4 for rank 3~4. If CDM-only multiplexing scheme is used, no additional signaling is needed to inform UE of the power offset between DMRS and data per layer. Even if maximum number of layers for extended-CP is 8 (in case of very good channel condition for cell-center UE), CDM-only multiplexing method can still be used for rank 1~4 transmissions, and CDM+FDM multiplexing method can be used for rank5~8. Here the same set of RE locations should be used throughout rank 1~8. Because the MU-MIMO is established up to four layers, there should be no problem to have rank4 DMRS pattern per layer not the subset of rank8 DMRS pattern per layer with the same layer index.

[image: image7.emf] 
[image: image8.emf] 
[image: image9.emf]

 EMBED Visio.Drawing.11  [image: image10.emf]

 EMBED Visio.Drawing.11  [image: image11.emf]
(3-a)            (3-b)           (3-c)            (3-d)           (3-e)
Figure3 CDM-only DMRS patterns for extended-CP in regular sub-frame

2.2 Performance evaluation

The SE performances based on DMRS patterns in section 2.1 are evaluated under TU and VehB channel. The simulation results are given in Appendix B-1 and B-2 for rank2 and rank4 transmissions, respectively. These results show that:

· For rank2, in TU channel, the staggering pattern 2-c (FDM+CDM, staggering, 12RE/port/PRB) gets the best SE performance at low UE speed(3km/h), but as UE speed increases, the performances of staggering patterns (2-a, 2-c and 3-d) decrease significantly and become worse than non-staggering patterns (2-b, 2-d and 2-e); in VB channel, pattern 3-d (CDM-only, staggering, 24RE/PRB) always gets best SE, and pattern 2-a (FDM+CDM, staggering, 16RE/port/PRB) has the best SE among all FDM+CDM patterns.
· For rank4, patterns 2-c (FDM+CDM, staggering, 12RE/port/PRB) and 3-a (CDM-only, non-staggering, 24RE/PRB) have constantly good SE performance for low-to-medium UE speed under both TU and VB channel models. 
· From the comparison of simulation results between rank2 and rank4, we also find that the SE of rank 4 transmission is even worse than that of rank2 transmission under high SNR in VB scenario. This observation suggests that the rank2 DMRS pattern for extended-CP could be more important than rank4 pattern in VB scenario; and for the cases of rank>2, the TU channel could be used for evaluation.

According to the arguments in 3GPP #59 meeting, there could be mainly two standpoints for DMRS selection under extended-CP:
· Target for commonality of DMRS structure with normal-CP: based on this standpoint, the DMRS pattern for extended-CP should be as much similar to that of normal-CP as possible to maximize UE hardware reuse, which means pattern 2-d or 2-e is good choice because its DMRS structure is much similar to that of normal-CP. However, pattern 2-e provides almost the worst VB channel performance among all patterns in our simulations. 
· Target for performance: based on this standpoint and the assumption that suburban or hilly terrain is the major scenario to which extended-CP is applied, the high priority of extended-CP DMRS pattern should be able to deal with much severe channel conditions such as VB channel. If the selection of DMRS pattern is based on this rule, we think patterns 3-d, 2-a and 3-a are good candidates due to their good performances in VB scenario. 
3 Conclusion

In this contribution, the DMRS patterns for extended-CP are considered. From the simulation results for both rank 2 and rank 4 based on these DMRS patterns, following conclusions can be obtained.
· In VB scenario, the spectrum efficiency of rank4 transmission is even worse than rank2 transmission under high SNR, so VB channel could be limited to evaluation of rank1 or rank2 transmission. When the rank number 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 pattern is more desired, pattern 2-d or 2-e is preferred.
· If performance optimization is the ultimate target, patterns 3-a, 3-d and 2-a are good choices. In addition, CDM-only multiplexing for rank<=4 is preferred because of its best rank2 performance under VB channel and its saving in power offset signaling. 
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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/ VB  (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-1. Rank 2 performance in regular subframe
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Appendix B-2 Rank 4 performance in regular subframe
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