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1. Introduction 

In RAN1#56bis, the following baseline was agreed for both DM-RS (bold font) and CSI-RS design [1]:

· Estimates of RS overhead for evaluations (figures assume normal CP)

· CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)

· DM-RS

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

· Rank 2 transmission: 12 REs per RB

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

· Strive for same REs per antenna port in  each Rank
· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region

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

· eNB can configure the number of Rel-8 cell-specific RS to be equal to or less than 4 antenna ports even though more than 4 antenna ports are used for LTE-A operation (lower operation overhead)

· Support CSI RS in conjunction with having 1, 2 or 4 Rel-8 cell-specific antenna ports configured in the cell

· Allow defining up to eight new CSI RS. The use of Rel-8 cell-specific RS as CSI RS is allowed.

· Discuss online to target picking one for a given antenna configuration. 

· DM-RS in support of up-to 8 transmission layers will need to be defined
In RAN1 #58 meeting, several DL DM-RS designs were discussed and a way-forward was agreed for dual-layer beamforming [2]. For LTE-A, it was also agreed to use CDM as DM-RS for layers 1+2 for rank up to 2 and to discuss further RS design for rank 3-8. Most of the proposals were for single RB DM-RS design, and some companies also mentioned multiple-RB pattern design [4][5].
In this paper, different DM-RS design schemes are discussed, with more attention on DM-RS design for high-order MIMO. 

2. DL reference design in LTE and LTE-A

Before we proceed to a reference design for the next release, it may be worthwhile to look back at how reference signals in the current release (Rel-8) are defined and how we arrived at this point.

In the Rel-8 LTE specification development process, two types of RS design methodologies were adopted: 

· Full bandwidth pattern. Spreading REs for RS uniformly over all resources in the system bandwidth in a staggered way. This leads to the cell-specific reference signal (CRS) design of antenna port 0-3 for unicast and port 4 for MBSFN. Note that the resource block size is defined partly based on CRS spacing such that each resource block has the same CRS pattern. 

CRS for antenna port 0-1 and CRS for antenna port 2-3 have different densities due to overall overhead restriction and two transmit antennas are considered to have higher priority. 

· RB based repeated pattern. When the resource block was defined, single layer user-specific reference signal (DRS) was introduced. DRS design is based on a single RB. When multiple contiguous RBs are allocated to a UE, the DRS pattern is repeated among these RBs. 

It is agreed that DM-RS (DRS type) will be implemented in Rel-9/Rel-10 as demodulation RS (DM-RS)[6], while cell specific RS will be configured for CSI-RS and PDCCH.  DRS will be present only in RBs and layers scheduled by eNodeB as needed for data transmission. UE performs channel estimation based on DRS corresponding to RBs assigned to it; these RBs can be contiguous or non-contiguous. 

DRS based channel estimation is limited by a single RB as the granularity of resource allocation unit. Since UE depends on its own DRS for channel estimation, DRS need more density for a single RB than multiple contiguous RBs in order to maintain the same channel estimation quality. In Rel-8, 12 REs per RB are occupied for one DRS port (antenna port 5), while 8 REs per RB are occupied by CRS antenna port 0 or 1 and 4 REs per RB are occupied by CRS antenna port 2 or 3.  

For Rel-10, up to 8 antenna ports are considered and backward compatibility and uniform design is desired regardless of subframe type. In addition, DM-RS density, as limited by requirement of peak spectrum efficiency, is agreed that a maximum of 24 REs are used for 3-8 layer transmission, which gives an average of 6/4/3 REs per layer per RB for 4/6/8 layer transmissions, respectively. Channel estimation quality with given DM-RS density can only be maintained in very limited situations, like indoor or low-speed UEs, for high data-rate transmission by means of high-order MIMO. 

Reference signal design may still be an issue regarding sparsely available REs for DM-RS, especially for 6-8 layer transmission. One possible solution is to increase resource allocation granularity as proposed in [4]. Larger accessible resource region, on one hand UE can have more REs per layer available for improved channel estimation; on the other hand more DM-RS design options can be explored in order to further improve channel estimation and meet other design requirements. The following section will provide some thoughts in this direction. 

3. DL DM-RS design with limited number of available RE
Considering 24 REs for 8-layer transmission, there are two possible cases:

· Case 1: 3 REs per RB for each of 8 DM-RS antenna ports

· Case 2: 4 REs per RB for each of the first 4 antenna ports, and 2 REs per RB for each of the remaining 4 antenna ports

In either case, 2-3 REs per RB may be allocated to some or all antenna ports. In such situations, channel estimation quality is difficult to maintain in order to support high data-rate demodulation. Even at low speed and high SNR needed for high-rank transmissions, channel selectivity in frequency may still have a large impact on the channel estimation quality.

Based on current DRS design methodology as stated in Section 2, specific patterns designed for a single RB are repeated to the next RB if available. Figure 1 shows the possible DM-RS patterns for one layer with 2-3 REs that span two contiguous RBs. 
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Figure 1. Examples of DM-RS pattern for one layer with 2/3 REs: repeated for 2 RBs
The advantage of a repeated DM-RS pattern is its simplicity in design and low complexity in channel estimation. However, several drawbacks are also noticed:

· If channel estimation is performed with one RB, either because one RB is allocated to the UE or because UE channel estimation capability is limited to one RB, the detection performance based on channel estimation may not be guaranteed with high quality in some channel conditions. The operation range may be limited to less frequency-selective channels, i.e. low Doppler and high SNR. 

· If UE is able to perform channel estimation over two or more RBs, coherent detection quality can be improved relative to single RB channel estimation. But the DM-RS are not well-distributed in time and frequency and the spacings between DM-RS are much larger than those defined in Rel-8. In case of Figure 1(a), there are several OFDM symbols that are not covered in the time domain and therefore require extrapolation for channel estimation which is less reliable than interpolation.

· Since DM-RS pattern is repeated in the frequency domain, DM-RS for each layer is located at certain OFDM symbols exclusively. This will make DM-RS and data power arrangement complicated, considering that the DM-RS for certain layers are located in one symbol while other DM-RS for other layers are located in other symbols. 

While scarcity of REs for DM-RS cannot be changed, other options are available with different levels of trade-off between design and channel estimation complexity. One option is an overall DM-RS design based on the number of contiguous RBs scheduled to a UE. This can lead to optimal design with uniform distributed DM-RS, and can, in some cases, even reduce overhead further with the additional RBs. The drawback is the number of DM-RS pattern options could be too large and channel estimation complexity could be too high for UE to handle. 

Another option is to design DM-RS pattern for one RB, and the DM-RS pattern for multiple RBs will be derived from this one RB pattern based on a simple rule. Figure 2 illustrates this design method by deriving a two RB pattern from the single RB pattern in Figure 1 using centre symmetric rule.
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Figure 2. Examples of DM-RS pattern for one layer with 2/3 REs: symmetric for 2 RBs
Compared to the examples in Figure 1, DM-RS in Figure 2 are more spread out in frequency and/or time and the boundary of the allocated resource has better coverage, which should offer an improvement over the repeated pattern as shown in Figure 1. On the other hand, the impact on channel estimation complexity is limited because of the symmetric structure of the pattern. 

Notice that OFDM symbols for Rel-8 CRS antenna ports 0-3 are reserved for backward compatibility and no Rel-9/10 DM-RS are allocated in these symbols. For DL LTE-A subframe, Rel-8 CRS may only appear at PDCCH region. 

4. Discussion on Rank 3-8 DL DM-RS and Simulation results

In RAN1 #58, the baseline DM-RS for dual layer beamforming in Rel-9 was agreed as shown in Figure 3, where DM-RS of two layers are CDM multiplexed. It was also agreed that same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10.
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Figure 3 DL DM-RS structure for dual layer beamforming for Rel-9 and Rank 1-2 for Rel-10

Since rank 1-2 transmission in Rel-10 will use the dual layer DM-RS structure as agreed,  it is a natural extension for rank 3-8 to use possible DM-RS structures as shown in Figure 4.
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Figure 4 DM-RS structure for Rank 3-4 and Rank 5-8
The 4-layer DM-RS structure with repetition is efficient either for one RB or for two or more RBs in terms of channel estimation. The 8-layer DM-RS structure has other variations when multiple RBs are considered. Examples are shown in Figure 5 where Pattern A is a repeated structure from one RB to another. Pattern B is a group symmetric pattern from one RB to another based on the similar rule as stated in the previous sections. The group unit is circled by the dashed oval. 
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Figure 5 variations of 8 layer DM-RS for 2 RBs

Figure 6 and Figure 7 provide simulation results comparing channel estimation results using MSE metric between Pattern A and Pattern B in Figure 5. From the figures, it can be noticed that at 30km/h, Pattern A has larger channel estimation loss than Pattern B due to the channel variation in time. At 3km/h, the two patterns show almost the same channel estimation quality due to the channel being almost time-invariant and the frequency spacing among RS being the same. In addition to better performance at moderate speed, Pattern B also provides balanced reference signal power among OFDM symbols. 
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Figure 6 Simulation results comparing between Pattern A and Pattern B at 30km/h
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Figure 7 Simulation results comparing between Pattern A and Pattern B at 3km/h
	Transmission Bandwidth
	10MHz

	Carrier Frequency
	2.5GHz

	Channel Model
	EPA, ETU with 3 km/hr, 30 km/h

	Number of Tx antennas
	8

	Number of Rx antennas
	8

	Number of Control Symbols
	3

	Channel estimation
	2-D MMSE


Table 1 Simulation Conditions
5. Conclusions
In this paper, we reviewed reference signal design methodologies in LTE and discussed issues of DM-RS design in LTE-A regarding limited number of available RE. Options of multiple RB DM-RS design were explored and discussed with simulation results. We have the following proposals:

· Larger resource allocation granularity should be considered, at least for high-order MIMO, when designing DM-RS

· Scalable DM-RS design for multiple RBs should be considered in Rel-10. 
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