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1. Introduction

At RAN1 #58, some decisions made on demodulation reference signal (DM RS) design were done [1]:
· Agree on CDM for layers 1+2 for rank up to 2
· Discuss further on RS design for rank 3-8

· In case of normal subframe with normal CP, the Rank 2 DM RS pattern in R1-093697 was agreed, as also shown in Figure 1.
· Same DM RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10
· DM RS structure for DwPTS and/or extended CP may be different from regular sub-frames w/ normal CP
· Based on performance considerations
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Figure 1
Rank 2 DM RS pattern in normal subframe with normal CP
In this contribution, we will further share our views on dual layer demodulation RS (DM RS) design for dual layer beamforming in case of DwPTS and also extended CP.
2. Dual layer DM RS design

Essentially, DwPTS and extended CP have different OFDM symbols in time domain within a 1ms subframe as compared to normal subframe with normal CP. This could give us more challenges on whether a common or simple pattern can achieve good demodulation performance for all cases. 

· DwPTS case: In TDD, according to special subframe configurations [1], there are four possible lengths of DwPTS that can be used for data transmission in normal CP, i.e. 9, 10, 11 and 12 OFDM symbols while three possible lengths in extended CP, i.e. 8, 9 and 10 OFDM symbols. In case of DwPTS with less duration, demodulation performance vs. DM RS overhead needs to be further investigated.  
· Extended CP case: The challenge is to face much more frequency selective channel because extended CP is typically used in a larger time dispersion environment than normal CP. Different DM RS overhead needs to be considered to take a tradeoff between demodulation performance and throughput.
It’s natural to use CDM multiplexing scheme for further designs. Basically, we continue to consider two CDM forms, which can be found in previous contributions [2-5]:

· CDM-T: length-2 code spread in time domain

· The Rank 2 DM RS pattern is a CDM-T pattern, as shown in Figure 1
· CDM-F: length-2 code spread in frequency domain

· Relatively flexible design, especially for DwPTS, where less time domain OFDM symbols are available for DM RS
2.1. Dual layer DM RS design for normal CP
In this section, we provide several options based on either CDM-T or CDM-F for the case of normal CP with DwPTS. We assume 2 OFDM symbols reserved for control channel in DwPTS. Simulation assumptions can be found in the Appendix.
· DwPTS with 11/12 symbols
· NCP11-CDM-T1 is a shifted version of normal one and NCP11-CDM-T3 is a punctured version of normal one. NCP11-CDM-F1 and NCP11-CDM-F2 are two staggered CDM-F patterns while NCP11-CDM-F3 and NCP11-CDM-F4 are two non-staggered CDM-F patterns
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Figure 2               Performance comparison for DwPTS with 11 symbols:  (left) 3km/h (right) 60km/h
Figure 2 shows the performance comparison between different DM RS patterns in case of 3km/h and 60km/h. In general, NCP11-CDM-T1 has better demodulation performance than others. In addition, performance of NCP11-CDM-T3 is degraded greatly in 60km/h, which shows in case of DwPTS with 11/12 symbols higher DM RS overhead is needed to not only guarantee the demodulation performance but also to have the capability of multiplexing higher layers transmission. 
· DwPTS with 10 symbols
· NCP10-CDM-T1 is a shifted version of NCP11-CDM-T2.
[image: image3.png]10

NCP10-CDM-T1

0

NCP10-CDM-T2

0

o

NCP10-CDM-F1

NCP10-CDM-F2

NCP10-CDM-F3

NCP10-CDM-F4




Figure 2 shows the performance comparison between different DM RS patterns in case of 3km/h and 60km/h. In 3km/h, CDM-T patterns outperform CDM-F patterns but in 60km/h, staggered CDM-F patterns, NCP10-CDM-F1/2 are better than NCP10-CDM-T1 but the gain is not so significant. So, we still prefer CDM-T pattern for the case of DwPTS with 10 symbols. In addition, NCP10-CDM-T2 has much performance degradation in 60km/h. 
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Figure 3
       Performance comparison for DwPTS with 10 symbols:  (left) 3km/h (right) 60km/h

· DwPTS with 9 symbols
· NCP9-CDM-F1 and NCP9-CDM-F2 is a shifted version of NCP10-CDM-F2 and NCP10-CDM-F4, respectively. NCP9-CDM-F3 and NCP9-CDM-F4 is a punctured version of NCP10-CDM-F1 and NCP10-CDM-F2, respectively.
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Figure 3 shows the performance comparison between different DM RS patterns in case of 3km/h and 60km/h. In general, NCP9-CDM-T1 is still better than NCP9-CDM-F1/2. Other three patterns with less DM RS overhead can not guarantee performance in a bit higher mobility environment. 
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Figure 4
               Performance comparison for DwPTS with 9 symbols:  (left) 3km/h (right) 60km/h

Conclusion on dual layer design for DwPTS with normal CP:

· In case of DwPTS with 11/12 symbols, NCP11-CDM-T1 is preferred
· In case of DwPTS with 10 and 9 symbols, NCP10-CDM-T1 and NCP9-CDM-T1 is respectively preferred

· The same multiplexing capability of up to 8 layers transmission as normal subframe with normal CP is kept for all DwPTS lengths

2.2. Dual layer DM RS design for extended CP

In this section, we provide several candidate patterns for extended CP, using either CDM-T or CDM-F.
·  Normal subframe with extended CP (12 symbols)

· ECP12-CDM-T1is a non-staggered CDM-T pattern as that in Figure 1. ECP12-CDM-T2/3 are two staggered CDM-T patterns with different DM RS overhead. ECP12-CDM-F1 is a staggered CDM-F pattern. 
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· DwPTS with extended CP (9/10 symbols)

· ECP10-CDM-T1/2/3 are the punctured versions of the patterns in normal subframe accordingly. ECP10-CDM-T4 is another CDM-T pattern with higher DM RS overhead. 
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· DwPTS with extended CP (8 symbols)

· ECP8-CDM-F1 is a punctured version of ECP10-CDM-F1.
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Figures 5-7 shows the performance comparison between different DM RS patterns for different cases. Simulation assumptions can be found in the Appendix. Here, we assume ETU channel throughout the evaluations but typically, a channel with much higher frequency selectivity should be investigated for extended CP case as well, e.g. Vehicular B. Under ETU channel, we have the following observations

· In case of normal subframe, ECP12-CDM-T1 is better than others
· In case of DwPTS with 9/10 symbols, ECP10-CDM-F1 is obviously better than others in 60km/h due to effectively avoiding the performance loss from channel extrapolation
· In case of DwPTS with 8 symbols, ECP8-CDM-T1 is better than others
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Figure 5
                 Performance comparison for normal subframe with extended CP:  (left) 3km/h (right) 60km/h
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Figure 6
                 Performance comparison for DwPTS 9/10 symbols with extended CP:  (left) 3km/h (right) 60km/h
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Figure 7                    Performance comparison for DwPTS 9/10 symbols with extended CP:  (left) 3km/h (right) 60km/h

3. Conclusion
In case of normal CP, we prefer the following dual layer DM RS patterns
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· The same DM RS overhead, i.e. 12 RE per layer
· The same multiplexing capability of up to 8 layers transmission

In case of extended CP, we would need further investigations:
· In case of normal subframes and also in DwPTS with 8 symbols, CDM-T patterns performs better than CDM-F patterns

· In case of DwPTS with 8 symbols CDM-F seems to perform better than CDM-T, due to improved channel interpolation in time. It is FFS if this assumption is valid also in channels with high frequency selectivity. 

· FFS: Performance evaluation for channels with much higher frequency selectivity
· FFS necessity of higher DM RS overhead
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Appendix: Simulation assumptions

	Number of Antennae
	8x2, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	48 (4 PRB)

	Frame configuration
	TDD configuration 1 (3DL:2UL)

Normal CP and extended CP

(The first two OFDM symbols for control channel in case of DwPTS, 4 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Extended Typical Urban (ETU)

	Speed
	3km/h, 60km/h

	Rank adaptation
	Fixed rank {2}

	Precoding
	SVD based on ideal wideband SRS, no PMI

	Link adaptation
	On

	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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