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1. Introduction

For beyond LTE Release 8, it was agreed that two forms of reference signals (RS) should be defined: Demodulation RS (DM-RS) for PDSCH demodulation and CSI-RS for channel measurement. DM-RS is sometimes called UE-specific RS. In current stage of LTE Rel-9, a work item for the support of single-user dual layer beamforming was agreed [1], which was thought of an extension from single-user single-layer beamforming based on UE-specific RS specified in LTE Rel-8. One of the likely outcomes is to define two DM-RS for dual layer data demodulation. 
Some agreed basic principles for DM-RS are as follows [2]
· UE-specific RE

· Transmitted only in scheduled RBs and the corresponding layers

· Different layers can target the same or different UEs

· Design principle is an extension of the concept of rel-8 UE-specific RS (used for beamforming) to  multiple layers

· Details on UE-specific RS pattern, location, etc are FFS

· RS on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· Complementary use of Rel-8 CRS by the UE is not precluded

In last RAN1 #56bis meeting, overhead for different layers on DM-RS are discussed for further decision [3-4]
· Rank1 transmission: 12 REs per RB (same overhead as rel-8)

· Rank2 transmission: 12 REs per RB (to be confirmed)

· Rank 3-8 transmission: max 24 REs (total) per RB

· Strive for same REs per antenna port in each Rank

In the present paper, some DM-RS patterns for dual-layer beamforming are designed and compared for both FDM/TDM and CDM pattern. Further investigation is needed to take LTE Rel-10 features into account.

2. Discussion on DM-RS design
2.1. General considerations
In our view, Rel-9 DM-RS for dual-layer beamforming should be as a subset of rel-10, which means to keep good tradeoff between overhead and performance also for Rel-10 features. Here, some criteria to be considered: 
· Avoid collisions with primary and secondary synchronization signals, physical broadcast channel, control signaling as well as cell specific reference signals. 
· Potentially, DM-RS needs to avoid collision with CSI-RS introduced in Rel-10.

· For frame structure type 2, DwPTS can have shorter duration than other downlink subframes and this could be considered.
· Typically, DM-RS is rank dependent design and only carried by scheduled UE in allocated bandwidth. In principle, DM-RS design under certain layers can be optimized independently; however, a unified design could ease the standardization effort.
· On forward compatibility

· The discussions on higher order MIMO, CoMP and/or MU-MIMO are ongoing in parallel in LTE Rel-10 SI and it is preferred to also investigate the DM-RS design for LTE Rel-10 features as well.
· On DM-RS pattern 

· One issue we need to take into consideration is whether DM-RS pattern is intra-RB design or inter-RB design. Channel estimation accuracy can potentially be improved through some form of inter-RB interpolation with longer RS sequence
· Power balancing and utilization needs to be considered in the design.
2.2. Two layer DM-RS multiplexing 
In this section, multiplexing of two DM-RS is under investigation based on two basic orthogonal DM-RS schemes, i.e. FDM/TDM-based and CDM-based, which are extensively discussed in some contributions [5-8]. In FDM/TDM based DM-RS multiplexing, the RS for two different layers are transmitted on different REs, while in CDM-based DM-RS multiplexing, the RS for two different layers share the same REs but separated by different orthogonal codes, where length-2 codes are applied with 
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respectively for each layer. 
Figure 2 shows some FDM/TDM-based patterns, among which F/T-1 is legacy Rel-8 port 5 pattern and F/T-2 puts RS at band edge, F/T-3 and F/T-4 are modified patterns as compared to F/T-2, targeting to have good interval in time and frequency. F/T-1 and F/T-4 are periodic patterns while F/T-2 and F/T-3 are non-periodic pattern. Figure 3 shows two CDM-based patterns, among which the difference is length-2 code is put in time domain or frequency domain, respectively. 
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Figure 1

Some FDM/TDM-based patterns (normal CP)
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Figure 2

Some CDM-based patterns (normal CP)
A preliminary performance comparison between patterns above is shown in Figure 4 in both low mobility (3km/h) and high mobility (120km/h), and EPA and ETU channels. Further details of simulation assumptions can be found in Appendix. Some conclusions are drawn as
· For FDM/TDM-based pattern only, F/T-2 and F/T-3 have similar performance better than the other two patterns. F/T-4 will be degraded under ETU and high modulation. F/T-1 is worst one pattern due to poor capability of tracking channel varying.
· For CDM-based pattern only, CDM-1 and CDM-2 share similar performance under EPA/3kmph and ETU/120kmph, where channel varying in time and frequency domain has similar impact on channel estimation error. However, CDM-1 is more sensitive to higher speed due to time-domain length-2 code while CDM-2 is more sensitive to larger time delay due to frequency-domain length-2 code.

· For FDM/TDM-based and CDM-based patterns, F/T-2, F/T-3   and CDM-1 performance is similar for low speed, but at higher speed, FDM/TDM based performs better as expected.

· Further investigations include
· Extension to higher transmission rank to make the Rel-9 patterns a subset of Rel-10 for forward compatibility and performance assessments for further applications
· Benefit of inter-RB channel estimation

· Power boosting and  balancing aspects






Figure 3

Performance comparison between FDM/TDM-based and CDM-based patterns
2.3. Consideration on MU-MIMO
In Rel-8 MU-MIMO, transparent MU-MIMO is supported using transmission mode 7, where good spatial separation between scheduled UEs depends on eNodeB scheduler. In Rel-9, a possible extension would be to improve the orthogonality between DM-RSs using different UE specific antenna ports with orthogonal patterns, which is a form of non-transparent MU-MIMO.  From a forward compatibility aspect, the benefits of orthogonal RS for MU-MIMO should be understood.
3. Conclusion
In this contribution, we mentioned some general considerations on the dual layer DM-RS design and presented a preliminary performance evaluation of two DM-RS multiplexing schemes for dual-layer beamforming. More specifically, for the studies patterns with 12 REs for dual layers, performance is expected similar   for FDM and CDM, whereas FDM-based patterns have a performance advantage at higher speeds.
Further consideration include
· Extension to higher transmission rank to make the Rel-9 patterns a subset of Rel-10 for forward compatibility as well as performance assessments for future applications
· Benefit of inter-RB channel estimation

· Power boosting and balancing aspects to enable full power utilization.
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Appendix: Simulation assumption 
	Antenna configuration
	8×2
- at eNB, the eight antennas are divided into two uncorrelated  groups with correlation 0.9 within each group
- at UE, two antennas are independent

	Carrier Frequency
	2.0 GHz

	system bandwidth
	5M, 25RB

	Frame configuration
	DL:UL=3:2

	Channel Model
	EPA/ETU, 3km/h / 120km/h

	Uplink SRS
	Ideal wideband sounding from both UE antennas, no estimation errors, no calibration errors

	Precoding granularity 
	5RB

	Precoder generation
	SVD based on uplink SRS

	MIMO detection algorithm
	MMSE

	Channel estimation for DRS
	2D-MMSE 

	Channel Coding
	Turbo code 
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