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1. Introduction

At RAN1 #58bis, dual layer demodulation reference signal (DM RS) design for normal CP was agreed [1], including normal subframe and DwPTS, as shown in Figure 1.
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Figure 1
Dual layer DM RS pattern for normal CP

In this contribution, we will further share our views on dual layer DM RS design for extended CP. Although the design is considered in the scope of Rel-9 enhanced dual layer transmission, the same patterns are also to be used for Rel-10.
2. Dual layer DM RS design for extended CP
2.1. Some considerations

The use of extended CP is expected for channels with larger time dispersion, or equivalently for channels experiencing much more frequency selectivity as compared to channels where normal CP is used. Therefore, the channel characteristic should be considered in the DM RS pattern design for extended CP accordingly. Based on some discussions in previous meetings [2-5], we further share our views on design principles for extended CP:
· PDCCH performance can be improved by some means, e.g. using a larger aggregation level or power boosting. Better PDSCH demodulation performance is always desired once PDCCH is correctly decoded.
· In some contributions, Vehicular B (VehB) channel was widely used for the evaluations of dual layer DM RS patterns in case of extended CP and some conclusions were drawn accordingly. However, we know the last two rays in VehB channel model fall beyond the CP length and this limits the performance improvement greatly, especially at high SNR. Therefore, the VehB channel can not properly reflect the channel that systems with extended CP could experience. In the next section, we will use a modified VehB channel, where the last two rays are deleted and the largest time dispersion is around 13us.
· Commonality of DM-RS pattern between normal subframe and DwPTS should be kept as much as possible. Therefore, CDM in the time domain is considered for extended CP as well to maintain consistency. In addition, DM RS overhead should be considered in the performance evaluations.  It should be noted that the pattern designed for dual layer transmission shall also give high Rank 1 demodulation performance.
2.2. Candidate DM RS patterns
In this section, we provide several options based on CDM for both normal subframe and DwPTS. We assume three and two OFDM symbols reserved for control channel in normal subframe and DwPTS, respectively. It is noted that pattern is applicable also for Rel-10 Rank1 transmission
· Normal subframe
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· DwPTS with 8,9,10 symbols
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Four candidate patterns are considered for normal subframe:
· NormalSF-CDM1 and NormalSF-CDM2 have 12RE per layer while NormalSF-CDM3 and NormalSF-CDM4 have 16RE per layer. 
· NormalSF-CDM2/3/4 are staggered patterns targeting to capture channel variations in the frequency domain.

Five candidate patterns are considered for DwPTS:

· The same pattern is applicable to all DwPTS lengths, i.e. 8/9/10 symbols.

· DwPTS-CDM1/2/3/4 are punctured versions of NormalSF-CDM-1/2/3/4, respectively, which can reduce implementation complexity. 
· DwPTS-CDM5 is another pattern with higher DM RS overhead of 24RE per layer.

2.3. Performance evaluations

Besides the candidate patterns shown in Section 2.2, more simulation assumptions can be found in the Appendix A. We evaluate Rank 2 performance for all candidate patterns under ETU and modified VehB channels.
· Normal subframe

· For  ETU channel, NormalSF-CDM1 is slightly better than other patterns due to a bit lower DM RS overhead

· For modified VehB channel, NormalSF-CDM3 with 16 RE per layer is best
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· DwPTS with 10 symbols

· Under ETU channel, DwePTS-CDM5 is worse due to a bit higher DM RS overhead, which shows the patterns with less DM RS overhead can work well

· Under modified VehB channel, DwPTS-CDM5 performs similarly with DwPTS-CDM3 except in very high SNR
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· DwPTS with 8 symbols

· Similar conclusion can be drawn as DwPTS with 10 symbols
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Considering extended CP is typically used in a much more frequency selective channel, we draw the following conclusions based on the above performance evaluations:
· In case of normal subframe, NormalSF-CDM3 is proposed
· In case of DwPTS, DwPTS-CDM3 as a punctured version of NormalSF-CDM3 performs similarly in most cases as DwPTS-CDM5 and is proposed. This could reduce implementation complexity.
· Although the proposed patterns are drawn in modified VehB channel, they are still working well for ETU channel
3. Conclusion
Based on the discussion above, we propose the following patterns for extended CP:
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· The performance of multiplexing up to four layers based on these two patterns is also justified in our companion contribution [6].
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Appendix A: Simulation assumptions

	Number of Antennae
	8x2, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	72 (6 PRB)

	Frame configuration
	TDD configuration 1 (3DL:2UL), Extended CP

(The first two OFDM symbols for control channel in case of DwPTS, 2 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Extended Typical Urban (ETU), 
Modified Vehicular B (VehB): delete last two rays

	Speed
	3km/h, 60km/h

	Rank adaptation
	Fixed rank 1 or 2

	Precoding
	SVD based on ideal wideband SRS, no PMI

Per-PRB precoding

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter

	MIMO detection algorithm
	MMSE

	Power boosting for DM RS
	No

	Channel Coding
	Turbo code

	HARQ
	On

	CDM orthogonal code
	 Walsh code, [1 1] and [1 -1]
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