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1. Introduction

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

So far, a couple of issues on dual-layer beamforming 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 beamforming 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
· Fast/dynamic rank adaptation should be supported in this WI, aiming at reusing existing mechanisms as in Rel 8
· PMI feedback is supported for FDD
· FFS whether or not to have PMI feedback for TDD
· UE antenna calibration
· Need for UE antenna calibration FFS

· UE antenna calibration would not be specified in RAN1, it would be an implementation issue

· Evaluate the performance (loss) due to the UE TX- and RX- mismatch
· Carry out more discussion on the cost and method of different UE calibration method
· Use Rel8 layer mapping as the baseline in this WI
· Further evaluate the gain of layer shift especially when spatial bundling is applied
· Whether or not to support non-transparent MU-MIMO based on orthogonal DMRS should be investigated before next RAN plenary (via email discussion)

In this contribution, we discuss on remaining issues such as DM-RS and MU-MIMO support. 
2. DM-RS pattern
In RAN1 #57 meeting, DM-RS overhead is agreed as 12 REs irrespective of the rank. However, DM-RS pattern is still FFS whether the pattern needs to be extended from Rel-8 antenna port 5 or newly designed for Rel-9. It seems that the DM-RS pattern in Rel-9 can be designed in two different ways such as backward compatible and forward compatible [1]-[2]. From the discussion results shown above, whether Rel-9 DM-RS pattern should be forward compatible is dependent on the channel estimation performance. Therefore, we here evaluate two different types of DM-RS pattern. Figure 1 and 2 show the exemplary DM-RS patterns for evaluation as backward compatible [1] or forward compatible DM-RS pattern [2].
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(a) Pattern-1 (FDM/TDM)                                      (b) Pattern-2 (FDM/TDM/CDM)
Figure 1. Backward compatible Rank-1 DM-RS pattern for Rel-9
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 (a) Pattern-3 (FDM/TDM)                                      (b) Pattern-4 (FDM/TDM/CDM)
Figure 2. Forward compatible DM-RS pattern for Rel-9
The figure 3 shows MSE of DM-RS patterns when 2D MMSE channel estimator is used. As seen in the figure, the backward compatible DM-RS pattern provides better channel estimation performance under high SNR region. In addition, it is shown that FDM extension and CDM extension show same performance. 
[image: image5.png]1.00E+00

4x2antennaset up
ETU 3kmvh channel
Uncorrelated channel

1.00E-01
w \
= S
N
1.00E-02 4 —+Pattern 1 \{_
~—Pattern 2

[|——Pattern 3

[ |~ Pattern 4
1.00E-03 1

0 5 20 25

10SNR [dBJ]S





Figure 3. MSE according to DM-RS pattern in ETU 3km/h
Observation: backward compatible DM-RS design shown in the figure 1 performs better in terms of MSE under high SNR region. In addition, the performance between FDM and CDM is almost same under low mobility case as far as FDM is well designed. Therefore, it seems that backward compatible DM-RS pattern is preferable for Rel-9 dual-layer beamforming.
3. MU-MIMO support
· Orthogonal DM-RS vs. non-orthogonal DM-RS
It is discussed that whether orthogonal DM-RS should be employed or not if MU-MIMO is supported as well as SU-MIMO in Rel-9 dual-layer beamforming. In Rel-8, SDMA based MU-MIMO in which a UE receives rank-1 transmission without any interfering vector indication so that the performance is relatively low since a UE is not allowed to suppress co-channel interference. Therefore, to improve MU-MIMO performance in Rel-8 with minimal specification effort, exploiting orthogonal DM-RS to allow co-channel interference suppression in UE side seems to be quite attractive. By indicating DM-RS index associated with transport block demodulation, UE can efficiently and accurately carry out DM-RS based channel and covariance estimation. The CDM-based orthogonal DM-RS employed for rank-2 SU-MIMO can be used to improve the performance of implicit MU-MIMO even when an explicit MU-MIMO mode is not additionally defined for Rel-9 beamforming.
Therefore, it is preferable to use orthogonal DM-RS with DM-RS indication for MU-MIMO support and the same approach is also used for SU-MIMO rank-1 support if needed.

· Power sharing indicator
In Rel-8, since the CRS is cell specific power sharing information is needed for demodulation when QAM-based modulation is used. However, if UE-specific RS is used the power sharing information can be implicitly included in the RS considering UE-specific RS is not shared with other UEs. In this case, UE assumes the power level between data RE and UE-specific RS is the same. Only the issue can be whether DM-RS boosting is needed to enhance channel estimation performance, this issue also need to be discussed for single user MIMO. Therefore, it is preferable not to specify power sharing indication for MU-MIMO support.
4. Conclusion
In this contribution, we discussed on some remaining issues on Rel-9 dual layer beamforming including DM-RS pattern and MU-MIMO support. From the discussions and observation, we can conclude as follows:
· Rel-8 DM-RS pattern seems to be appropriate considering better performance under high SNR region.

· Orthogonal DM-RS needs to be employed for MU-MIMO support to allow co-channel interference suppression in UE side for better MU-MIMO performance with minimal specification effort.

· Power scaling indication is not needed for MU-MIMO support since the DM-RS can include the information implicitly.
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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
	ETU 3km/h

	Antenna Configuration
	4x2

	Antenna Correlation
	Uncorrelated

	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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