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1. Introduction

It is agreed that employing dual-layer beam-forming in Rel-9 based on UE-specific precoded DRS which is extended from single-layer beam-forming in Rel-8 in RAN #43.

So far, a couple of issues on dual-layer beam-forming for Rel-9 have been discussed such as DRS pattern and overhead, supporting of MU-MIMO, and CSI feedback. Followings are noted in RAN1 chairman’s note in RAN1 #57 as a result of dual-layer beam-forming discussions.

· Agree on the DMRS overhead as 12 REs
· Same set of RE used for Rank 1 and Rank 2
· FFS whether or not Rel9 Rank1 pattern is different from the Rel8 Rank1 pattern
· Consider the forward compatible design that makes Rel 9 patterns a subset of Rel 10 patterns, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel 8 pattern
As noted above, the DM-RS overhead for Rel-9 is agreed as 12 REs irrespective of the rank for supporting dual-layer beam-forming. However, exact DM-RS pattern supporting up to rank 2 is still FFS. Therefore we further investigate DM-RS pattern for dual-layer beam-forming in this contribution. 
2. Rel-8 DM-RS pattern extension vs. new DM-RS pattern for Rel-9

The Rel-8 DM-RS pattern is well optimized under rank-1 transmission, therefore it is expected that the channel estimation works well under relatively lower rank such as rank-1 and rank-2 considering simple extension for rank-2. On the other hand, the channel estimation performance may not be optimized fully due to the limitation of design freedom if Rel-9 DM-RS should support forward compatibility. Hence, several new DM-RS pattern proposals [1]-[4] have been discussed so far to further optimize higher rank channel estimation performance while keeping lower rank channel estimation performance. As far as orthogonal DM-RS is not supported to Rel-8 UE in LTE-A network for co-scheduling with LTE-A UE and the Rel-8 DM-RS pattern is not enough to extend to higher rank, the benefit of keeping Rel-8 DM-RS pattern is quite limited. The figures 1 and 2 show exemplary patterns of a simple extension of Rel-8 DM-RS pattern [1] and new DM-RS pattern [2], respectively.
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(a) Pattern-1 (FDM/TDM)                                      (b) Pattern-2 (FDM/TDM/CDM)
Figure 1. Examples of a simple extension of Rel-8 DM-RS pattern [1].
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 (a) Pattern-3 (FDM/TDM)                                      (b) Pattern-4 (FDM/TDM/CDM)
Figure 2. Examples of new DM-RS pattern [2].
The figure 3 shows channel estimation performance according to DM-RS pattern and multiplexing method. As seen in the figure, the pattern-1 (i.e., figure 1-(a)) performs worse than the others under low mobility in terms of MSE. On the other hand, the pattern-2 (i.e., figure 1-(b)) shows lower performance under high mobility since inter-code interference occurs from channel aging. Therefore, we may conclude that further optimized DM-RS pattern seems to be beneficial for higher rank support while providing even better performance in lower rank transmission.
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Figure 3. MSE according to DM-RS pattern in SCM-C 3 km/h and 60 km/h.
From the observation, it is recommended to allow new DM-RS pattern which can provide reasonable channel estimation performance for both lower rank and higher rank. In addition, it seems beneficial that a Rel-9 DM-RS is a subset of Rel-10 DM-RS supporting higher order MIMO.
3. Design guidelines for Rel-9 DM-RS pattern
Given that a Rel-9 DM-RS is a subset of Rel-10 DM-RS, several points should be considered for DM-RS pattern design.
· Universal DM-RS pattern
A proper OFDM symbol position for DM-RS transmission should be carefully studied in order to employ single DM-RS pattern irrespective of a subframe type and keep commonality between FDM and TDD. Therefore, OFDM symbols which can potentially be used as guard period for relay backhaul subframe and the last OFDM symbol which is used for synchronization channel transmission in TDD should be avoided for DM-RS transmission. In addition, OFDM symbols containing Rel-8 CRS also need to be avoid since if CRS power boosting is used DM-RS power will be lower than data RE, this may result in demodulation performance degradation. Therefore, we propose not to allow transmitting DM-RS in the OFDM symbols containing CRS and used for guard period for a relay backhaul subframe.
· Higher rank support

A DM-RS pattern that provides reasonable performance even for higher rank transmission should be considered since higher order MIMO performance more relies on demodulation RS performance due to spatial interference. In addition, it is preferable that each layer’s DM-RS pattern is fixed irrespective of the rank so that simpler channel estimator can be implemented in UE side and orthogonal DM-RS can be easily supported for MU-MIMO.
· Mobility support

Since a UE performance under medium to high speed mainly relies on DM-RS estimation performance, at least lower rank DM-RS pattern should be robust to mobility. Therefore, a DM-RS pattern should be properly designed to provide reasonable performance under medium to high speed in lower rank transmission. 
· Proposed DM-RS patterns (normal subframe)
To satisfy abovementioned properties, CDM-based multiplexing seems to be appropriate for a layer to have a fixed DM-RS pattern regardless of the rank so that a DM-RS pattern for a corresponding layer can be defined with time/frequency position and multiplexing code. In addition, the last OFDM symbol needs to be avoided for DM-RS due to potential relay backhaul guard period and/or synchronization channel in TDD mode. Following exemplary DM-RS patterns satisfying properties mentioned above in figure 4 can be a candidate as a DM-RS pattern for supporting dual-layer beam-forming.
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(a) Pattern-5 (FDM/TDM/CDM)                          (b) Pattern-6 (FDM/TDM/CDM)
Figure 4. Proposed new DM-RS patterns.

The figure 5 shows the MSE performance of DM-RS patterns based on CDM according to UE mobility. As seen in the figure, the DM-RS pattern 2 extended from Rel-8 antenna port 5 performs worse as the Doppler frequency goes higher since its time position of two CDM multiplexed RS is relatively large as compared with other DM-RS patterns. Since the dual-layer beam-forming should be supported even under medium speed, new DM-RS patterns (i.e., patterns 4, 5 and 6) seems to be appropriate as a candidate for dual-layer beam-forming. The pattern 5 provides similar performance with pattern 4 although last OFDM symbol is not used and not consecutive REs are used for two layer CDM mulitplexing. In addition, even though the pattern 6 performs worse than patterns 4 and 5, it may provide better channel estimation performance if multiple RB interpolation is used due to its uniform RS location.
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Figure 5. MSE according to DM-RS patterns (CDM-based) in SCM-C 3 km/h and 60 km/h.
4. Conclusion
In this contribution, we discussed on DM-RS pattern for Rel-9 dual-layer beam-forming. From the discussions and observation, we can conclude as follows:
· Newly optimized DM-RS pattern seems to be appropriate to have flexibility for higher rank extension.

· It would be beneficial that Rel-9 DM-RS is a subset of Rel-10 DM-RS supporting higher rank up to 8 layer transmission.

· CDM-based DM-RS in which layer 0 and layer 1 are multiplexed in CDM manner is preferable due to its lower UE implementation complexity and MU-MIMO supporting flexibility.

· DM-RS pattern design

· The last OFDM symbol in a subframe should be avoided since it would be used as guard period for relay backhaul potentially, thereby employing unified DM-RS pattern irrespective of transmission mode and/or subframe type.

· It is recommended to consider the DM-RS patterns 5 and 6 as a candidate of Rel-9 DM-RS pattern. 
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Annex: Link-level Simulation Assumptions
Simulation assumptions for the DM-RS pattern evaluation are summarized in the table 1.

Table 1. Details of link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	SCM-C (X-pol)

	Mobility
	3km/h and 60km/h

	Antenna Configuration
	4x4

	Precoding
	Fixed precoding (in Rel-8 rank-2)

	Channel Estimation
	1 RB based 2D-MMSE

	Power Boosting of DM-RS
	Same power as that for data RE

	CDM multiplexing for DM-RS
	2x2 Walsh code
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