3GPP TSG RAN WG1 Meeting #57                                                                              R1-092109
San Francisco, USA

4th-8th May, 2009

Agenda item: 15.1
Source: LG Electronics

Title:  Consideration on DM-RS Design for LTE-Advanced
Document for: Discussion

1. Introduction

The precoded downlink RS is agreed for demodulation purpose in order to reduce the RS overhead. Since the demodulation RS (DM-RS) is precoded with the same precoder applied for data, the precoding matrices can be transparent to a UE and it is only needed to transmit DM-RS corresponding to the layers. Some more details have been agreed as a baseline for evaluations so far on DM-RS are as follows:

· DM-RS overhead

· 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

As shown above, the DM-RS overhead can be defined as the number of REs per RB in each transmission rank. In addition, unified DM-RS pattern irrespective of the subframe type seems to be promoted to minimize UE complexity. However, further details seem needed to be discussed to have a progress on the DM-RS. Thus, in this contribution, we will discuss on some more details of designing DM-RS for LTE-Advanced based on the agreed baseline. 

2. Consideration points for DM-RS Design 
· Transmission mode independent DM-RS
Up to 8-layer transmission in LTE-A system, UE-specific precoded DM-RS will be supported, thus achieving peak spectral efficiency requirement. Since the DM-RS is a UE-specific, it should be decided in advance whether the DM-RS will be optimized for each transmission mode or unified DM-RS will be used irrespective of the transmission mode. From the UE complexity point of view, it seems that the unified DM-RS has a benefit since the demodulation operation will be the same regardless of the transmission mode. In addition, the unified DM-RS may provide some additional benefits when considering joint optimization of SU-MIMO/MU-MIMO and CoMP since flexible scheduling is possible among the multiple transmission modes that can be transparent to a UE. However, due to the same DM-RS for all transmission modes, a specific transmission mode may not provide sufficient performance gain due to universally designed DM-RS. In this case, we may consider separate DM-RS for a specific transmission mode. Therefore, it should be investigated whether universal DM-RS works properly for all transmission modes and if the universal DM-RS can provide reasonable performance for each transmission mode, it is preferable to employ same DM-RS irrespective of the transmission mode. Otherwise, we may consider different DM-RS according to the transmission mode.
· Rank independent DM-RS
To support multiple transmission modes, it is preferable to have same DM-RS pattern irrespective of the rank so that a UE may perform same demodulation process under different transmission mode such as SU-MIMO, MU-MIMO and CoMP. Here, the same DM-RS pattern regardless of the rank implies that each layer’s DM-RS pattern (e.g., frequency time position and code) is same in all ranks so that layer-1 channel can be estimated with same channel estimator irrespective of the rank, for instance. If this property is supported, UE can demodulate all transmission modes with same operation so that UE design complexity can be minimized. Furthermore, by allowing dynamic mode adaptations due to UE transparency in DM-RS, LTE-A system can provide optimized performance in each situation. Therefore, it is preferable to have fixed DM-RS pattern for each layer irrespective of the rank. However, as we discussed before, if the performance is not sufficient due to this restriction, separate design of DM-RS according to the rank or specific rank can be considered. 
· DM-RS power boosting 
The details of DM-RS overhead for each transmission have been discussed and 12 REs per RB in rank 1 transmission is agreed as a baseline and maximum DM-RS overhead is also confined to 24 REs. However, it seems that the DM-RS power is not taken into account as an overhead. The DM-RS can be considered especially for CDM-multiplexed DM-RS design since the RS power may be shared by multiple layers so that poorer channel estimation performance can be expected as the number of layers goes higher. Therefore, it is worthwhile to investigate DM-RS power boosting whether it can provide a benefit or not and not to preclude at this stage.

3. DM-RS Design Examples
· CDM-multiplexed DM-RS
A lot of proposals [1]-[4] so far have been discussed. To satisfy the properties mentioned above such as unified DM-RS patterns irrespective of the transmission mode and rank, the CDM-multiplexed DM-RS may be one approach for supporting all transmission modes. The figure 1 can be an example for CDM multiplexing in case of normal CP and extended CP.  
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Figure 1. Examples of CDM-multiplexed DM-RS according to the CP-length

In this CDM-multiplexed DM-RS, CAZAC-based CDM can be considered as similar to the uplink DM-RS we already have in Rel-8 uplink. Slight modification of Rel-8 antenna port 5 position is considered in order to increase number of orthogonal code in a certain delay spread. By allowing this structure, DM-RSs for multiple layers are mutually orthogonal in code domain. By having full CDM-multiplexing property, MU-MIMO and CoMP can be implemented with same demodulation operation.
Considering the advantages, it seems that CDM-multiplex DM-RS structure is appropriate. However, other multiplexing scheme also can be considered if benefits are shown.
4. Summary
In this contribution, we discussed on DM-RS design for higher MIMO support and showed an example pattern of DM-RS as a unified DM-RS irrespective of the transmission mode and rank. The discussions can be summarized as follows:

· Same DM-RS irrespective of the transmission mode is preferred as far as it works properly for all transmission modes.

· Rank independent design should be considered as a baseline if it doesn’t result in significant performance degradation.
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