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1. Introduction
3GPP RAN WG1 has reached the consensus that two types of downlink reference signals (RS) are used for LTE-Advanced. One is the reference signal targeting PDSCH demodulation (DM-RS), and the other is the reference signal targeting CSI estimation (CSI-RS). These reference signals are used to support multiple LTE-Advanced features, e.g. MU-MIMO and CoMP [1].

Furthermore, a way forward (WF) on RS in LTE-Advanced [2] was agreed, where the baseline on DM-RS as follows:
· Estimates of RS overhead for evaluations

·  DM-RS

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

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

· Strive for same REs per antenna port in  each Rank

· Strive for same CSI-RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined.

According to the WF, DM-RS design should take count into the overall RS overhead, RS pattern and RS multiplexing methods. In [3]-[6], some companies have given some considerations on these issues. And CDM of DM-RS for layer 1 and 2 transmission was agreed in RAN1#58. However, DM-RS design methods for multiple-layer (3-8) MIMO and CoMP are still FFS.

In this contribution, we propose a DM-RS design method for LTE-Advanced, especially supporting MU-MIMO and CoMP. By the proposed DM-RS method, eNB makes use of the feedback channel information to generate transmitted DM-RSs for multiple-layer. And the proposed DM-RS design method can easily support MU-MIMO and CoMP.
2. DM RS design
2.1. Main assumptions
The proposed DM-RS design method can easily support multiple transmission layers required by LTE-Advanced. In the following, without loss of generality, we show the DM-RS in support of 4 transmission layers in MU-MIMO or CoMP-MU-MIMO as an example, assumption that an eNB with four Tx antennas uses MU-MIMO to transmit 4-layer data to two UEs each has two Rx antennas. On the other hand, this example can also be regards as CoMP-MU-MIMO, where a super eNB which is composed of multiple eNBs sharing information and data jointly transmits 4-layer data to two UEs at the same time.
2.2. DM-RS design method
This session illustrates the proposed DM-RS design method with Fig. 1, which shows the eNB’s physical channel processing with the DM-RS generating. Most of PDSCH processing has the same definition with LTE [7]. However, in order to satisfy the high requirements of LTE-Advanced, enhanced MIMO/MU-MIMO schemes should be used. Correspondingly, more feedback mechanisms have been under review in RAN1, where explicit channel state/statistical information (CSI) feedback is considered to feedback the channel properties including the channel matrix.
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Fig. 1 Physical channel processing.
The proposed DM-RS design method makes use of the channel properties to generate the transmitted DM-RSs in support of MU-MIMO and CoMP-MU-MIMO etc.. The grey parts in Fig.1 show the main components of the proposed DM-RS design scheme. After deciding the MU-MIMO precoding for PDSCH by MU-MIMO parameter calculation with the feedbacked CSI, the eNB calculates in advance the demodulation gain in each layer for PDSCH due to both the MU-MIMO processing and the channel properties. Using the demodulation gains and the CSI, the eNB calculates the parameters of the DM-RS multiplexing. Furthermore, the transmitted DM-RS systems are composed of the multiplexed parameters and the sequence held by both eNB and UEs.
The following expressions show the calculation according the above processing in detail when MU-MIMO method for PDSCH is Tomlinson-Harashima Precoding (THP) [8]. The eNB calculates the MU-MIMO parameters for PDSCH with LQ decomposition
H=LQ                                                                                                                        (1)
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where H is the channel matrix and L is a lower triangular matrix and Q is a unitary matrix. According to THP MU-MIMO scheme, L is used as pre-subtraction matrix and the Hermitiran transpose matrix QH of Q is used as the precoding matrix for PDSCH.
  According to the THP MU-MIMO, the demodulation gains for PDSCH are calculated as 
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where gi is the demoluation gain of the ith layer of PDSCH.

Based on the demodulation gains and the channel matrix, the multiplexing parameter of DM-RS can be calculated as 
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where pi is the DM-RS parameter for the ith layer. H-1 is the inverse of H.

At last, DM-RS generation can combine the sequence held both the eNB and UEs with the above parameter pi to generate the transmit DM-RS symbols as
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where xi is the transmit DM-RS system corresponding to the ith layer and d is the sequence held both the eNB and UEs.

Using the above DM-RS design method, the received DM-RS symbols at each UE is thus expressed as
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where yi is the received DM-RS symbol corresponding to the ith layer and n presents the noise.

According (4)-(7), the received DM-RS symbols can be presented as
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As a result, each UE can estimate the demodulation gain of its own layers of PDSCH.
2.3. DM-RS pattern
Figure 2 shows a DM-RS pattern on Tx Antennas for 4 layers as an example. Note that the pattern on RE in one antenna can be coincident with the consensus in RAN1.
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Fig. 2 An example of DM-RS pattern.
3. Conclusion
3GPP RAN1 has discussed DM-RS schemes for LTE-Advanced, but the final consensus hasn’t been achieved yet. In this contribution, we have proposed the DM-RS design for supporting multi-layer transmission, MU-MIMO and CoMP. With the proposed DM-RS design, the eNB calculates the demodulation gains for each layer in advance corresponding to the MU-MIMO scheme for PDSCH. Furthermore, using the calculated demodulation gains and the feedbacked channel information, the eNB generates the transmitted DM-RSs in support of MU-MIMO and CoMP-MU-MIMO. Note that he DM-RS multiplexing can be independent of the precoding for PDSCH, since some advanced MIMO schemes for PDSCH, e.g. the DPC MIMO methods such as THP, Generalized Decision Feedback Equalizer (GDFE) etc [8]-[10], only precoding matrix cannot achieve the orthogonal transmission layers.
References

[1] 3GPP TR 36.814, Further Advancements for E-UTRA Physical Layer Aspects.
[2] 3GPP R1-091066, “Way forward on downlink reference signals for LTE-A,” CATT, CMCC, Ericsson, Huawei, et. al.
[3] 3GPP R1-092363, “LTE-A downlink DM-RS pattern design,” Huawei.
[4] 3GPP R1-092472, “DM RS Design for downlink transmission,” ZTE.
[5] 3GPP R1-092633, “DRS Design for LTE Rel-9 Enhanced DL transmission and Extension to LTE-A,” Motorola.
[6] 3GPP R1-092734, “Downlink  demodulation RS design for Rel-9 and beyond,” Ericsson, ST-Ericsson.
[7] 3GPP TS36.211, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation.
[8] 3GPP R1-090601, “Downlink CoMP Transmission using DPC MIMO,” Hitachi.
[9] 3GPP R1-091180, “Further Considerations on Downlink CoMP Transmission using DPC MIMO,” Hitachi.
[10] 3GPP R1-1904, “An Efficient DPC MIMO Scheme for Downlink CoMP in LTE-A,” Hitachi.













































































































































































































































2
3GPP TSG RAN WG1 Meeting #58bis
R1-094030
Miyazaki, Japan, 12th – 16th October, 2009
Page 2 of 5

_1306625802.unknown

_1306626614.unknown

_1311417093.unknown

_1311417901.unknown

_1311418333.unknown

_1311417895.unknown

_1306628519.unknown

_1306625818.unknown

_1306625725.unknown

_1306625788.unknown

_1306625599.unknown

