
3GPP TSG RAN WG1 meeting #57
R1-092189
USA, San Francisco, 4 – 8 May, 2009
Source:
CMCC 
Title:
Discussions on DM-RS Design for LTE-A
Agenda Item:
15.1
Document for:
Discussion and Decision
1. Introduction
In 3GPP RAN1 #56 meeting, a way forward on demodulation reference signals (DM-RS) in LTE-A [1] was agreed as follows: 

· RS targeting PDSCH demodulation (for LTE-A operation) are 

· UE specific

· 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

· RSs 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

The way forward has decided that UE-specific reference singles should be considered for PDSCH demodulation. Later in 3GPP RAN1 56bis meeting, a WF on RS design for LTE-A was discussed in [2], and an agreed baseline on downlink RS design was presented in Draft Report [3], which has come to an agreement on DL DM-RS:
·   Estimates of RS overhead for evaluations (figures assume normal CP)

· 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
Above agreement indicates that, whether 12 REs per PRB is an optimal DM-RS overhead for dual-layer beamforming needs to be confirmed. On the other hand, DM-RS patterns supporting high-order MIMO up-to 8 transmission layers (Rand 3~8) should be further considered, under the restriction of max 24 REs overhead per PRB.  
In this contribution, we discuss the DM-RS pattern design based on the rank grouping mechanism, in order to support the high-order MIMO transmission up-to 8 layers. 
2. Considering orthogonal DM-RS structure 

Different orthogonal multiplexing methods will influence the channel estimation performance. There are mainly three multiplex methods to be discussed:
· FDM/TDM-based orthogonal reference signal structure

DM-RS from different layers are mapped into different sub-carriers in frequency domain, and the REs which have been mapped to DM-RS for one layer is left null for other layers. By reducing DM-RS density per layer, we can reduce the total DM-RS overhead. FDM/TDM-based orthogonal structure has been utilized by the LTE R8 cell-specific RS, where in the application scenario for the PDSCH demodulation, it has the benefit of lower RS interference among different layers, however, the DM-RS density per-layer is tightly restricted by the total demodulated RS overhead.
· CDM-based orthogonal reference signal structure

With the CDM-based orthogonal structure, DM-RS from different layers are mapped into the same REs. But the DM-RS sequence per layer has been multiplied by the corresponding orthogonal sequences, such as Walsh codes or added phase rotation. The benefit of the CDM-based orthogonal reference signal structure is that, it has better tracking ability of the channel estimation due to density of DM-RS. However, CDM-based method will introduce interference and deteriorate the channel estimation performance due to orthogonality destruction in the high mobility speed scenarios. 

· FDM+CDM orthogonal reference signal structure

For the application of high-order MIMO up-to 8 layers, both FDM and CDM-based orthogonal approaches need to be considered, besides, FDM+CDM orthogonal DM-RS structure is also a candidate multiplexing method. For this hybrid orthogonal reference signal structure, DM-RS for multiple layers is usually divided into two or more subsets. Different DM-RS subsets are distinguished with the FDM approach, whereas the DM-RS of multiple layers within the same FDM subset are distinguished with the CDM approach through different cover codes, e.g. Walsh codes. 

3. DM-RS Design with Rank Grouping
3.1.  Motivation of Rank Grouping

DM-RS pattern discussions in recent RAN1 meetings mainly focus on the dual-layer beamforming for low rank 2, and 4-layer or 8-layer DM-RS pattern design supporting the high order-MIMO transmission up-to 8 layers. However, few contributions consider the DM-RS pattern design for other ranks, such as rank 3, 5, 6 and 7, especially for odd-numbered ranks. Obviously, if we design the DM-RS pattern solely for each rank, it would be unnecessary for highly enhancing the implementation and scheduling complexity. 
One possible solution is to design the DM-RS patterns based on the rank grouping, i.e., partitioning the 1~8 ranks into several groups, and in each group, DM-RS of all ranks should share a common referenced pattern with the same set of REs. Design the DM-RS based on rank grouping is motivated by two main benefits: 
· Since a common referenced pattern is shared in the same group, we only need to design few number of DM-RS patterns for PDSCH demodulation. The merit of DM-RS pattern design based on rank grouping is to reduce the complexity, and it is more flexible for implementation and scalability, especially in the scenarios that fast rank adaptation is supported.
· In the same group, DM-RS of all ranks occupy the same set of REs, and thus the overall DM-RS overhead as well as the DM-RS RE positions in subframes are the same for all ranks in this group. Besides, rank grouping design has minor impacts on the PDSCH data REs, due to the unchanged DM-RS set of REs for all ranks in the same group.    
3.2. Rank Grouping Principles 

The following issue is how to decide the rank grouping principles. For Rank 1, the benefit of reusing the current pattern in LTE R8 port 5 for the transmission mode 7 is obvious [4]. Based on the previous evaluation results done in [5] and [6], and the discussions about DM-RS design in pervious meetings, as well as the mail discussion, 12REs overhead for 2 layers is most likely candidate. For rank-2 transmission, orthogonal reference signal structures (FDM or CDM) are required between two-layer DM-RS, though which of them is to used for rank-2, from simplifying the PDSCH mapping and rank adaptation, as well as the performance perspectives,  rank = {1, 2} can be classified into Group 1. 
In the case of the high-order MIMO transmission for 3~8 ranks, a proper grouping principle may be dividing them into two groups, i.e., rank = {3, 4} belongs to Group 2 and rank = {5, 6, 7, 8} belongs to Group 3. Here, we have two basically considerations. Firstly, from several contributions, e.g. [7] [8], less DM-RS overhead such as 16 REs could be taken into account for the 4-layer transmission, when compared to the max 24 REs for the 8-layer transmission. Secondly, if we consider FDM+CDM orthogonal reference signal structure, 4-layer DM-RS could be divided into two FDM subsets, and two DM-RS ports in each FDM subset could be distinguished by length-2 cover codes, while in the case of high-order MIMO transmission up-to 8 layers and utilizing two FDM subsets, the DM-RS antenna ports 0~3 or ports 4-7 could be distinguished by length-4 cover codes. Under this grouping principles, rank 3 and rank 4 could share a common referenced patterns with the same RE set, also, rank 5~8 could share a common reference pattern with the same RE set.  
Therefore, only three common referenced patterns corresponding to the three rank groups need to be considered here. The common referenced pattern for each group needs to be carefully designed considering both DM-RS overhead and performance, which has the following desirable attributes:

· With max 24 REs (total) per RB and not counting the Rel-8 CRS, the max DM-RS overhead for the LTE-A resource block is 24/168 = 14.3% for the normal cyclic prefix. 
· In the same group, DM-RS of all ranks should share a common referenced pattern with the same set of REs, which should be flexible for implementation and scalability to lower ranks. Another restriction is to strive for the same REs per antenna port in each rank [3].
· In the case of rank 1 and rank 2 in Group1, the same DM-RS RE set with 12 RE overhead for rank-1 and rank-2 ,while the DM-RS multiplexing structure for the layer-1 and layer-2 could be FDM/TDM or CDM, which is dependent on the final evaluation and forward/backward compatibility.
· For Group 2 and Group 3, with the same set of DM-RS REs for ranks in each group and the same RE overhead per antenna port in each rank, FDM+CDM orthogonal structure is one of the most feasible multiplexing approaches. 
3.3. Common Referenced Patterns for Group 2 and 3
As we have stated above, for the ranks in Group 2, i.e., rank 3 and rank 4 should share a common referenced pattern. One candidate common referenced patterns with 16 REs overhead using the FDM+CDM orthogonal RS structure is given in Figure 1, where each FDM subset contains 8 DM-RS REs (depicted with the same color), and 2-layer DM-RS are CDM-multiplexed. The DM-RS port 0-1, or port 2-3 in the same FDM subset can be distinguished by the length-2 Walsh code [+1, +1] and [+1, -1]. Under the same set of REs, DM-RS pattern for the rank 3 can be simply obtained by taking out one-layer power overhead from the DM-RS pattern for the rank 4. Note that, taking out one-layer power overhead could be obtained by setting the zero power for the layer to be removed. It should also be noted that, rank-4 transmission with 24 DM-RS REs is not excluded, and the proper DM-RS overhead for Group 2 is still need to be evaluated. 
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             Figure 1. Common referenced patterns for the Group 2 = {3, 4}, 2FDM+2CDM, length-2 cover codes 
In the same way, rank 5, 6, 7 and rank 8 in Group 3 should share a common referenced pattern, with max 24 REs (total) per RB (most probably equals to 24 REs). With the rank grouping mechanism, DM-RS pattern for rank (n-1) is simply obtained by taking out one-layer power overhead from the DM-RS pattern for rank n (n = 8, 7, 6).  Similar to the case of Group 2, taking out one-layer power overhead could be obtained by setting the zero power for the layer to be removed. Here, we considered two typical cases for Group 3 with the different cover code length:
For rank 5~8 in Group 3, we only consider two FDM subsets, a pattern of which is illustrated in Figure 2, where each FDM subset contains 12 DM-RS REs (depicted with the same color), and 4-layer DM-RS are CDM-multiplexed. The DM-RS port 0-3, or port 4-7 in the same FDM subset can be distinguished by the length-4 cover code [+1, +1, +1, +1], [+1, +1, -1, -1], [+1, -1, +1, -1], and [+1, -1, -1,+1]. In Group 3, considering the scalability of the common referenced pattern in Figure 2 to lower ranks {5, 6, 7}, multiple layers in each rank can be properly allocated between two FDM subsets to minimize the channel estimation loss. Denoting the blue color FDM subset as FDM Set 1, and the pink color FDM subset as FDM Set 2, an example of multiple-layer DM-RS allocation in Group 3 is given below:
Rank 5:  2 layers in FDM Set 1, and 3 layers in FDM Set 2;
Rank 6:  3 layers in FDM Set 1, and 3 layers in FDM Set 2;
Rank 7:  3 layers in FDM Set 1, and 4 layers in FDM Set 2;
Rank 8:  4 layers in FDM Set 1, and 4 layers in FDM Set 2.
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Figure 2. Common referenced patterns for Group 3 = {5, 6, 7, 8}, 2FDM+4CDM, length-4 cover codes 

4. Conclusion
This contribution presents our considerations on DM-RS pattern design based on rank grouping. Conclusions are drawn as follows: 
· With DM-RS pattern design based on rank grouping, a common referenced pattern is shared in each group. DM-RS pattern design with rank grouping can reduce the complexity, and it is more flexible for implementation and scalability, especially in the scenarios that fast rank adaptation is supported.
· In the same group, DM-RS of all ranks occupy the same set of REs, thus the overall DM-RS overhead as well as the DM-RS RE positions are the same for all ranks in the group, and rank grouping design has minor impacts on the PDSCH data REs and channel estimation.
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