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1. Introduction

In LTE-Advanced, for downlink transmission, it has been decided that UE-specific demodulation reference signals (DM-RS) is used for PDSCH demodulation. It means that the PDSCH and the DM-RS allocated to a specific UE are subject to the same precoding operation. The total 8 DM-RS ports should be defined to support up to 8 layers transmission to meet LTE-Advanced requirement. During Rel-10 SI, some progress and discussions on DM-RS pattern design have already been made, which is summarized as
· The rank 1-4 DM-RS pattern for normal CP has been agreed [1], as shown in Figure 1. Basically, CDM+FDM is used as the multiplexing scheme for up to 4 layers transmission. In case of > rank 2 transmission, additional CDM group, i.e. CDM group 2 (as marked in blue), will be added, otherwise, only CDM group 1 (as marked in red) is used to multiplex up to two layers. Orthogonal code cover (OCC) with length of 2 is applied.    
· The rank 5-8 DM-RS pattern for normal CP is being discussed [2-5] and yet has not been agreed. We prefer to make a straightforward extension based on the agreed rank 1-4 pattern. So far, the pattern proposed in Figure 2 can keep a whole solution of DM-RS design for rank 1-8, with the detailed comparison and analysis in the contribution [6]. In essence, this proposed pattern reuses some of key characteristics, e.g. the same RS position, the same RS overhead, two CDM groups, and CDM+FDM multiplexing scheme etc. The only difference is the OCC length of 4, which is considered to make a reasonable extension as well as to ease UE implementation to a great extent.   
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           Figure 1   Agreed rank 1-4 DM-RS pattern 
   Figure 2     Proposed rank 5-8 DM-RS pattern
· The DM-RS pattern design for extended CP could be introduced in Rel-10 time frame [7]. Detailed analysis can be found in the contribution [8]. 

In this contribution, we will discuss the relation between transmission layers and DM-RS ports based on the agreed rank 1-4 pattern (see Figure 1) and proposed rank 5-8 pattern (see Figure 2). The proposed layer-to-DMRS-port mapping can provide a unified scheme for all ranks and is applicable to both SU-MIMO/MU-MIMO cases. 
2. Discussion
In LTE Rel-10, in the downlink 8-by-X single user spatial multiplexing, it is decided that up to two transport blocks can be transmitted to a scheduled UE in a subframe per downlink component carrier [9]. Each transport block is associated with one codeword (CW) and assigned with its own modulation and coding scheme (MCS). The codeword-to-layer mapping is operated according to the scheme shown in Figure 3.
               [image: image8.png][N COM groupt: up to 4 layers
[BIZIZIE] oM group2: up to 4 layers





Figure 3
Agreed codeword-to-layer mapping from rank 1 to rank 8 in Rel-10
From Figure 3, it should be noted that each CW is possibly mapped onto up to 4 layers, and for the odd ranks, uneven layer allocation will happen between two CWs, i.e., the number of layers associated to the CWs are not equal. Due to the introduction of DM-RS for data demodulation, a new mapping between transmission layers and DM-RS ports should be introduced, i.e. layer-to-DM RS ports mapping, as shown in Figure 4.
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Figure 4
New module of layer-to-DM RS mapping in Rel-10

In case of Rank 1-2 transmission, up to 2 CWs will share one CDM group and the layer-to-DM RS port mapping defined for dual layer beamforming in Rel-9 can be re-used. In addition, in case of beyond Rank 2 transmission, the key issue is how to distribute transmission layers into two CDM groups and what mapping is suitable to SU-MIMO/MU-MIMO cases.
3. Layer-to-DM RS ports mapping

Basically, there are two mapping principles for beyond Rank 2 transmission, so called intra-CW mapping and inter-CW mapping.

· Intra-CW mapping: The layers associated with one CW are allocated in either CDM group 1 or CDM group 2. This mapping principle can avoid inter-codeword interference when channel estimation per layer is applied, which can keep two transport blocks in HARQ processing relatively independent
· Inter-CW mapping: The layers associated one CW are allocated in both CDM group 1 and CDM group 2. This mapping leads to some overlap between two CWs. 

We prefer intra-CW mapping as the basic mapping principle. The detailed description for Rank 3-8 is shown in Figure 5.
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Figure 5
Preferred intra-CW mapping principle
More specifically, we will have separate description for SU-MIMO case and MU-MIMO case based on intra-CW mapping principle. For illustration purpose, we define the DM-RS port number as follows
· CDM group 1: DM-RS ports 1/2/5/6
· CDM group 2: DM-RS ports 3/4/7/8
3.1. SU-MIMO case

For SU-MIMO case, one UE will occupy the allocated resource blocks (RB) alone. Therefore, this UE can use all transmission layers given a transmission rank. Based on codeword-to-layer mapping and intra-CW mapping principle, the detailed layer-to-DM RS port mapping is proposed in Figure 6, where the mapping scheme of rank 1/2 can re-use what has been specified in Rel-9 and only one CDM group is used. Actually, two CWs are FDM multiplexed in two CDM groups. 
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Figure 6
Proposed layer-to-DM RS port mapping

3.2. MU-MIMO case

For MU-MIMO cases, several UEs will share the same resource blocks at the same time. Therefore, each UE will only use part of transmission layers given a rank pattern. We propose the following two steps processing for MU-MIMO case

· Step-1: allocate each UE according to intra-CW mapping principle 

· Step-2: repeat step-1 for other co-scheduled UEs 
With this proposal SU-MIMO mapping scheme on top of multi-user scheduling can be resued, which can make the layer-to-DM RS port mapping scheme (proposed in Figure 6) transparent to SU-MIMO and MU-MIMO. This is quite inline with the principle of dynamic switching between SU-MIMO and MU-MIMO, which is being discussed in parallel in 3GPP RAN1 now. In Figure 8 an example is described how mapping scheme works for MU-MIMO case, where the rank 6 mapping pattern is used for 3 co-scheduled UEs, each of 1 layer, 2 layers and 3 layers respectively.
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Figure 7
One example of layer-to-DM RS port mapping for MU-MIMO case

In addition, for MU-MIMO case, control signalling is needed to inform each UE which DM-RS ports are allocated which guarantees UEs to perform channel estimation using proper DM-RS ports. 
4. Conclusion
In this contribution, we propose to use intra-CW mapping as the basic mapping principle. More specifically, we propose layer-to-DM RS port mapping scheme shown in Figure 6 for both SU-MIMO and MU-MIMO.

In general, the proposed mapping pattern has the following advantages:

· Keep per UE two CWs in HARQ processing relatively independent
· A unified mapping principle for all rank cases

· Transparent to both SU-MIMO and MU-MIMO

· The mapping scheme is applicable for both normal CP and extended CP as well as DwPTS for TDD
· The mapping scheme is also applicable to multiple component carriers
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