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1
Introduction
Employing larger number of transmit antennas is required for meeting the peak requirements set by LTE- Advanced [1]. Therefore, it is decided to consider MIMO operation with up to 8 transmit antennas in LTE-Advanced.  

In this document we outline some design issues regarding reference signal design in support of higher order MIMO operation. Overhead aspects as well as operation of legacy UEs in a cell supporting 8 antenna ports are discussed. 

2
Reference Signal Design
Release 8 of LTE provides Reference Signal (RS) for up to 4 antenna ports. In order to support higher order MIMO operation, the LTE-A UEs should be able to estimate the channel from up to 8 antenna ports. Therefore, it is required for the LTE-A system to define an RS structure with 8 antenna ports. 
Currently, common RS (CRS) is used for both measurement purposes, CQI computation, and demodulation purposes. The overhead incurred by CRS with 4 antennas ports is 14.28%. Using the same density as for antenna ports 2 and 3 in LTE for the new antenna ports (4 through 7) would result in an overhead of 23.8%!! 
In an effort to reduce the RS overhead, one can think of separating RS for demodulation, from RS for CQI and measurements computation. 
In summary,

· RS for demodulation – needed every subframe where data transmission is present 

· RS for CQI estimation – needed every CQI reporting cycle (not necessarily every subframe)

· RS for measurements – needed every subframe to minimize measurement latencies and DRX impact. LTE Rel-8 measurements defined based on strength of RS on antenna ports 0 and 1, although the air-interface defines RS structure for up to 4 antenna ports. 

Clearly, the RS for CQI measurements does not need to be present in every sub-frame and can have low duty cycle. In this case, the RS for demodulation can be based on the UE-specific RS or dedicated RS (DRS). In this scenario, the DRS overhead is embedded in the data transmission for that UE. Furthermore, this overhead may be incurred only in case transmission with additional antenna ports is necessary. Note that for this case, Release 8 UEs in the same carrier will not be affected by the DRS of LTE-A UEs.
The impact of introducing RS for additional antenna ports (4 through 7) on the performance of legacy UEs needs to be minimal. In addition, it is important to note that the behaviour of legacy UEs is in accordance to Rel-8 and the presence of RS for new antenna ports will not be known unless some measures are taken now with the goal to minimize the impact in the future. 
This is the reason why we propose:

· Placing the cell-specific RS for all the antenna ports (0 through 7) within the REs designated for the transmission of cell-specific RS in LTE Rel-8
· Raise awareness to legacy UEs about the fact that the cell has 8 antenna ports. 

· Retain the RS structure for antenna ports 0 and 1 to avoid any impact on measurements

This proposal fulfils the following goals for the support of RS for 8 antenna ports: 

· Overhead: Contained CRS overhead in support of 8 antenna ports (14.8%)

· Legacy Impact: Rel-8 UEs aware of transmission of RS for 8 antenna ports
· Presence of additional antenna ports in LTE-A system will not have any impact on demodulation performance for legacy UEs

· Actual RS transmission within the REs designated for the transmission of CRS is FFS, e.g., RS for antenna ports 0 and 1 transmitted as currently defined, RS for antenna ports 2 – 7 use the REs currently designated for antenna ports 2 and 3.
Common Reference Signals
Given the previous discussions on RS overhead and impact on legacy UEs, it is desired to have CRS for the additional antennas only for CQI computation and measurement purposes, effectively: 
· RS for antenna ports 0 and 1 are present in every subframe to avoid any impact on measurements.

· RS for antenna ports 2 – 7 are not transmitted every subframe
Dedicated Reference Signals
We propose considering DRS operation for demodulation purposes in support of 8 antenna ports. The number of formats and the DRS patterns is a study that should take into account the overall system performance and the trade-off between channel estimation and rate-loss due to overhead. 
DRS operation for demodulation purposes has the following benefits:

· Incurred overhead is UE-specific. In particular Release 8 UEs will not see additional overhead from higher order transmission to LTE-A UEs.
· Overhead reduction with precoded DRS: Using precoded DRS allows for smaller pilot overhead, as it only provides reference for the precoded directions of the channel. It also allows for reducing the overhead due to precoding information in DL control signalling. 
· Partial Loading: Overhead is present only when data transmission is present. Also, DRS and data see the same interference. 
3 Conclusion
In this contribution, some issues related to the reference signal in support of DL higher order MIMO operation were discussed. In summary, we propose agreeing on the following principles
· Common RS in support of 8 antenna ports use the REs designated for RS for the 4 antenna ports in Rel-8
· RS for antenna ports 0 and 1 are transmitted every subframe

· RS for antenna ports 2 – 7 are not transmitted every subframe

· Awareness of Rel-8 UEs that the cell supports 8 antenna ports

· DRS-based demodulation of transmissions associated with 8 antenna ports operation
It should be noted that the legacy UE behavior for the case where 8 antenna ports is supported in a cell should be quickly decided. 
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