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1. Introduction

At RAN1 #58bis, some decisions were made on Rank 2 and Rank 4 demodulation reference signal (DM RS) patterns [1]

· Rank 2 DM RS pattern for normal CP was totally agreed, including normal subframe and DwPTS, as shown in Figure 1.

· FFS Rank 2 pattern for extended CP
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Figure 1
Rank 2 DM RS pattern for normal CP

· Rank 4 DM RS patterns: two alternatives are proposed for normal subframe with normal CP

· Alt1: 24RE, CDM+FDM, OCC length = 2
· It’s agreed that Alt1 is a baseline pattern
· Alt2: 12 RE, CDM, OCC length = 4
In this contribution, we will further share our views on Rank 3-4 DM RS pattern for DwPTS as well as extended CP. In addition, the discussion on Rank 2 DM RS design for extended CP can be found in our companion contribution [2].
2. Rank 3-4 DM RS design
In this section, we propose some candidate patterns for further comparison. 8TX codebook based close-loop spatial multiplexing is used. More simulation assumptions can be found in the Appendix.
2.1. Rank 3-4 pattern for normal CP

In this section, we compare two alternatives for both normal subframe and DwPTS. The patterns are shown in Figure 2.  Performance comparison between two alternatives under ETU with 3km/h and 30km/h can be found in Figure 3. Based on the performance evaluations, we can conclude

· Alt2 shows the advantages in low speed and high SNR and achieves higher throughput performance than Alt1 due to less DM RS overhead 
· Alt1 is much more robust to overcome the impact of time varying channel due to adopting a shorter orthogonal code. We believe in a big higher speed, Alt1 will further show the robustness.
Proposal: Alt1 as a baseline pattern should be agreed for both normal subframe and DwPTS
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Figure 2
Rank 4 DM RS pattern for normal CP
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Figure 3
Performance evaluations between Alt1 and Alt2 (ETU with 3km/h, 30km/h)
2.2. Rank 3-4 pattern for extended CP

Based on the analysis in our companion contribution [2], some Rank 2 patterns are analyzed for extended CP. In this section, we provide some candidate Rank 4 DM RS patterns for further comparison, as shown in Figure 4, where CDM+FDM is basically used as the multiplexing scheme because pure CDM scheme can’t easily satisfy the design requirement for both normal subframe and DwTPS.

· Normal subframe with extended CP
· NormalSF-CDM1 has 12 RE per layer while NormalSF-CDM2/3 have 16 RE per layer

· All patterns are staggered versions 
· DwPTS with extended CP (8/9/10 symbols)

· DwPTS-CDM1/2/3 are punctured patterns of NormalSF-CDM1/2/3. 

                        [image: image5.png]E

NormalSF-CDM1

NormalSF-CDM2

NormalSF-CDM3

E

DwPTS-CDM1

DwPTS-CDM2

DwPTS-CDM3




Figure 4
Candidate Rank 2 patterns for extended CP

Performance comparison can be found in Figure 5 (ETU) and 6 (VehB) for normal subframe and DwPTS, respectively. As analyzed in [2], modified Vehicular B (VehB) channel after deleting last two rays is used in the evaluations for extended CP. 
· Conclusion on ETU channel

· In case of normal subframe, NormalSF-CDM1 is slightly better than other patterns due to lower DM RS overhead.  NormalSF-CDM2 and NormalSF-CDM3 perform similarly.
· In case of DwPTS, DwPTS-CDM1 is also slightly better in high SNR. 
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Figure 5
Performance comparisons under ETU channel
· Conclusion on modified VehB channel

· In case of normal subframe, NormalSF-CDM2 and NormalSF-CDM3 perform similarly in most cases. NormalSF-CDM1 is worst due to less DM RS overhead in frequency domain
· In case of DwPTS, similar conclusion can be drawn as normal subframe
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Figure 6
Performance comparisons under modified VehB channel

In addition, the analysis on Rank 1/2 pattern for extended CP in [2] had shown NormalSF-CDM2 is better than NormalSF-CDM3. We think Rank 2 transmission is a much more optimized case than Rank 4.

Proposal: NormalSF-CDM2 is proposed for normal subframe and DwPTS-CDM2 is proposed for all DwPTS lengths
3. Conclusion
Based on the discussion above, we propose the following 
· Normal CP: Alt1 with OCC=2 for normal subframe and all DwPTS lengths
· Extended CP: total 32RE per layer for normal subframe and 16RE per layer for all DwPTS lengths, OCC=2
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Appendix: Simulation assumptions

	Number of Antennae
	8x4, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	72 (6 PRB)

	CP format/Overhead
	Normal CP, Extended CP

(The first 3 and 2 OFDM symbols for control channel in case of normal SF and DwPTS, respectively, 2 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Extended Typical Urban (ETU), 

Vehicular B (VehB): delete last two rays

	Speed
	3km/h, 30km/h

	Rank adaptation
	Fixed rank 4

	Precoding
	Codebook based precoding

One precoder for 6PRB

	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
	OCC=2: 2-point Walsh code

OCC=4: 4-point Walsh code
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