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1. Introduction
In RAN plenary meeting (RAN#51), a new study item was agreed upon for “Downlink MIMO Enhancement for LTE-Advanced” [1]. One of the objectives of this study is:

· With second priority:
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
· Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.

In this contribution, we present our view on DM-RS enhancements. 
2. Discussion

2.1
Improved orthogonality for MU-MIMO
The downlink transmission mode (TM) 9 was designed to support transparent MU-MIMO with DM-RS ports 7 and 8 with following following configurations.

· When there are up to 2 layers, two orthogonal DM-RS ports 7 and 8 with same scrambling sequence are used. 

· This will result in “orthogonal DM-RS”

· When there are more than 2 layers (but up to 4 layers), two orthogonal DM-RS ports 7 and 8 with different scrambling sequence are used. 

· This will result in “non-orthogonal DM-RS”, or “quasi-orthogonal” DM-RS 
Thus, the focus of this study item is to improve the DM-RS orthogonality for 3 and 4 layers MU-MIMO transmissions with port 7 and port 8. 
In fact, during the Rel-10 work item phase, this issue was considered, and two approaches were investigated [2]. 

· Alt1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined 

· Alt2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9 

Alt1 provides othogonality and improved performance in most of the scenarios as evaluated in [3, 4]. Alt2 could provide additional othogonality through spatial separation offered by pre-coding at eNB, which ideally requires perfect channel knowledge at eNB. This additional spatial orthogonality is not always guaranteed in practice due to feedback overhead, feedback quantization and feedback delay, and there will be interference between the DM-RS ports. However, Alt2 was adopted for Rel-10 to support backward compatibility with Rel-9. 
On the other hand, it might be bit difficult to define sensible performance requirements and testing with “quasi-orthogonal” DM-RS for MU-MIMO. In our understanding, RAN4 performance requirements have not yet addressed this scenario. In the absence of performance requirements with “quasi-orthogonal” DM-RS, the actual UE and system performance in MU-MIMO deployment scenario with “quasi-orthogonal” DM-RS is left either with UE implementation (by advanced receiver techniques) or rely on eNB implementation (by pre-coding and proper UE pairing) to cancel interference between “quasi-orthogonal” DM-RS. Therefore, it is desirable to consider standardized approach to improve orthogonality for DM-RS for MU-MIMO.      

Observation 1: Improved orthogonality for DM-RS for MU-MIMO should be investigated in Rel-11.   
2.2
Overhead reduction

The DM-RS pattern for PDSCH demodulation in TM9 is based on code division multiplexing (CDM) grouping, and depends on rank as shown in Figure 1.  
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Figure 1: Rel-10 DM-RS patterns for rank 1 to 8
The dense DM-RS pattern incurs around 10% over head for rank 1-2, and 20% for rank 3-8, which results in transmission inefficiency, and it is desirable to consider overhead reduction in Rel-11.  Moreover, the following aspects also motivate to investigate overhead reduction and/or better DM-RS pattern in Rel-11. 

· PRB bundling was introduced in Rel-10 to allow joint channel estimation across multiple PRBs to improve channel estimation performance. However, DM-RS pattern is not optimized to exploit channel estimation improvements with PRB bundling since DM-RS REs on PRB boundary are adjacent to each other, and they are not expected to provide considerable improvements on channel estimation on any channel condition. 
· Small cell deployments such as femto, pico cell and RRH are getting popular with LTE from Rel-10 onwards. As pointed out in [5], UE is expected to experience smaller delay spread compared to Macro cell, resulting in relatively flat channel. Moreover, UE speed could be very low to medium. Thus, low density DM-RS could be sufficient.   
· Rel-10 DM-RS pattern for port 7 and 8 was adopted to be backward compatible with Rel-9. However, Rel-10 supports PDSCH transmission in MBSFN sub-frames, and current DM-RS pattern might not have been optimised for MBSFN sub-frames. 
From UE implementation point of view it is not desirable to support multiple DM-RS patterns. However, this implementation complexity should be carefully considered against the benefits of any new DM-RS pattern with reduced overhead. 

Observation 2: Overhead reduction for DM-RS should be considered carefully in Rel-11, along with UE implementation complexity.   

2.3
Consideration on other Rel-11 work and study items
DM-RS enhancements or new DM-RS design could also be expected due to ongoing other Rel-11 work and study items, and Rel-11 deployments scenarios. 

· In carrier-aggregation enhancements work item [6], additional carrier types including non-backward-compatible elements are to be investigated. If non-backward-compatible carrier types are agreed to be defined in Rel-11, then it is highly likely that new DM-RS pattern is to be defined. 
· If CoMP is agreed to be standardized, there is a possibility to define optimised DM-RS for CoMP based on agreed CoMP scenario and CoMP transmission scheme.

· In downlink MIMO enhancements study item [1], control channel enhancements with UE-RS are being considered. It is possible to define optimised DM-RS for enhanced control channel demodulation, depending on the mapping and multiplexing agreed for control channel.

Therefore, the above aspects should be considered when considering DM-RS enhancements to avoid coming up with multiple DM-RS design, and repetitive discussion under different work item. Obviously, it is not desirable from UE implementation point of view to support multiple DM-RS, and we suggest RAN1 to consider DM-RS enhancements along with other Rel-11 work and study items. 

3. Conclusion

We provided our view on DM-RS enhancements in this contribution, and propose RAN1 to investigate DM-RS enhancements along with Rel-11 deployment scenarios, and Rel-11 work and study items, which might have influence on DM-RS design and enhancements. 
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