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1 Introduction
In RAN1 #60bis meeting，following working assumption is reached for DMRS design under extended CP[1][2] 
· In case of rank 1-2, DM-RS overhead of 16 REs per PRB pair for extended CP with normal subframe
· FFS on detailed pattern.
In previous discussion, many companies have given the DMRS patterns based on overhead of 16RE/PRB. In this document, we give our views on the pattern design.
2 DMRS design under extended CP

2.1 DMRS in normal subframe 
Given the working assumption of 16RE/PRB as the DMRS density under extended-CP, the commonality with normal-CP DMRS pattern is already broken, and therefore the DMRS pattern design under extended-CP is set with higher priority on performance optimization. Based on this philosophy, the following pattern alternatives (Alt1, Alt2 and Alt3, [3]~[7]) as shown in Figure 1 can be considered.
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Figure 1 Alternative patterns for DMRS under extended CP in normal subframe
The previous simulation result [8] shows that alt3 and alt2 have similar performance and both better than alt1, especially in VB scenario. But when extended to rank 5~8, alt3 should suffer the worst non-orthogonality. So the following questions should be answered before we decide on the final pattern for extended CP in normal subframe.

· The maximum number of layers that should be supported in extended CP, 4 or 8?
· Which multiplexing method should be used when rank > 2?

· The overhead for rank >2, 16REs or 32REs or other values?
From viewpoint of commonality with normal CP about concept of two CDM groups, CDM + FDM multiplexing should also be used under extended CP for normal subframe when rank > 2, which gives total overhead of 32RE/PRB; in addition, OCC = 2 should be adopted for rank3~4 and OCC = 4 should be adopted for rank5~8 (if rank 5~8 can be supported).
Proposal 1:  CDM + FDM multiplexing should be used under extended CP for normal subframe when rank > 2; 32REs/PRB over two equal-size CDM groups is the preferred DMRS density for rank > 2.
Extended CP is mainly applied to channels with larger time dispersion, or equivalently with much more frequency selectivity, especially for low rank application cases. From the simulation result in [8], we can see that the performance of rank 4 is no better than rank2 in VB channels, so up to 4 layers for extended CP could cover the major application scenarios. But from the specification point view, rank5~8 should be supported for utilization of very good channel conditions, such as short eNB-UE distance with LOS propagation. So, the main application scenario for rank 1~2 can be either SU-MIMO with more severe frequency selectivity and higher UE speed or MU-MIMO, and rank 3~4 can be applied with weaker frequency selectivity and low-to-medium UE speed; in contrast, rank5~8 can only be used for very low-speed UE with LOS propagation.
If maximum number of layers to be supported is 4 for extended CP, alt3 can be a good choice, otherwise, alt3 is not suitable for rank 5~8 because of larger subcarrier gap within single OCC. Further, according to simulation result in [4][8] as well as the updated evaluation results in appendix B-1, alt1 gets worse performance than alt2 in VB scenario which is considered as the main scenario for evaluation of rank1~2 under extended CP. Therefore, alt2 is the better choice per performance-wise.
Proposal 2: Alt2 in Figure 1 is preferred for normal subframe under extended CP.
2.2 DMRS in DwPTS 

Based on the contributions submitted to previous meetings, mainly 2 alternatives of DMRS pattern up to rank 4 in DwPTS are considered, which are shown in Figure 2. The performance comparison between these two patterns is given in Appendix B-2. It can be seen that, the two patterns have almost the same performance in TU channel; and in VB channel, the two patterns also have almost the same performance except at high SNR range, where alt2 starts getting better. Even though alt2 is slightly better than alt1 in performance comparison, DMRS structure in DwPTS should be built as much compatible with that in normal subframe as possible, in order to achieve implementation hardware reuse. Therefore if one of the alternatives listed in Figure 1 is selected for normal subframe, we prefer alt1 in Figure 2 as DMRS pattern for DwPTS.
Proposal 3: Alt1 in Figure 2 is preferred for DwPTS under extended CP.
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Figure2 DMRS patterns up to rank 4 in DwPTS under extended CP

When it comes to consider the DMRS pattern in DwPTS for rank5~8, the very limited amount of resource elements leaves few choices in fitting rank-8 pattern into DwPTS but sacrifice the DMRS density, especially the density over frequency domain. However, doing so conflicts with the design philosophy in DMRS design for extended CP, which is to increase frequency domain density compared to normal-CP pattern to deal with larger frequency selectivity. It remains questionable whether the performance loss due to low frequency-domain density in rank>4 pattern would be severe enough so that the spectrum efficiency of rank>4 is comparable to or even worse than that of rank-4. In addition, if rank>4 pattern is implemented by cutting down density of rank=4 pattern, it could be difficult to maintain the compatible channel estimation module inside UE between both rank<4 and rank>4 in DwPTS. 
Therefore, we suggest to careful evaluate the pros and cons in defining rank 5~8 DMRS pattern in DwPTS, and to keep it open to possibility of leaving the total transmission rank in DwPTS no larger than 4. To limit rank up to 4 in DwPTS does not introduce new HARQ re-transmission issue if the initial transmission of rank>4 fails on both codewords, due to the following facts:
· DL HARQ in LTE can be asynchronous, which means eNB scheduler could choose when to re-transmit the failed packet.

· The backward compatibility to LTE R8 requires LTE-A to be able to handle the HARQ re-transmission case where DwPTS contains no PDSCH region at all. 

· Even if both CW of rank 5~8 are corrupted in initial transmission, the re-transmission of both CW together can be limited to rank-4 in DwPTS with 2-layer per CW. Of course, Chase combining is not possible in this case, but IR still works.

3 Conclusion
Based on analysis and simulation in this document, we propose that,
Proposal 1: CDM + FDM multiplexing should be used under extended CP for normal subframe when rank > 2; 32REs/PRB over two equal-size CDM groups is the preferred DMRS density for rank > 2.
Proposal 2: Alt2 in Figure 1 is preferred for normal subframe under extended CP.
Proposal 3: Alt1 in Figure 2 is preferred for DwPTS under extended CP.
We also suggest to carefully evaluate the pros and cons in defining rank 5~8 DMRS pattern in DwPTS, and to keep it open to possibility of leaving the total transmission rank in DwPTS no larger than 4.
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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
	rank2:  VB (3km/h  30km/h  120km/h)
rank4:  TU(3 km/h  30km/h)

	Antenna correlation
	Independent

	BW (MHz)
	5

	Frame structure
	LTE R8 FDD extended-CP

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

Rank 4: 2 codeword(2 layer per codeword)

	Precoding granularity
	4PRB

	# Control symbol
	3 

	Number of PRBs
	4

	Channel estimation
	2DMMSE

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	10000 

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

	MCS
	Link adaptation, with OLLA enabled


Appendix B-1. Performance in normal subframe of extended CP
· Rank2 performance comparisons for normal subframe
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· Rank4 performance comparisons for normal subframe
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Figure 3 simulation results for normal subframe under TU and VB

Appendix B-2. Rank-2 performance in DwPTS of extended CP

Assumption: 9 OFDM symbols configured in simulation.
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Figure 4 Simulation results for DwPTS under TU and VB
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