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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
In last RAN1 meeting contributions [2-4], some companies discussed their view and some preliminary performance results with UE specific RS (UE-RS). In this contribution, we present our view on open-loop MIMO using UE-RS. 
2. Discussions

Rel-8 already supports open-loop MIMO using transmission mode 3 (TM3) based on common reference signals (CRS). The main motivation for this open-loop MIMO is to enhance performance at scenarios where UE reported feedback at eNB might have changed significantly due to channel variations. For example, for high speed UEs, the reported UE feedback such as CQI/PMI at eNB might be significantly different from the current channel condition experienced by the UE. In this case, closed-loop MIMO is expected to suffer performance loss, and open-loop MIMO could be beneficial. 
On the other hand, LTE is gradually moving from CRS based transmission in Rel-8 to UE-RS based transmission in Rel-10 onwards. TM9 along with DM-RS and CSI-RS in Rel-10 could be considered as first evolution to UE-RS based transmission. However, TM9 is primarily designed for closed-loop MIMO operation. Although one could use TM3 or TM9 for open-loop MIMO operation, we see the following issues:
· TM9 could support open-loop MIMO operation with PMI/RI disabling, but the CSI feedback mechanism is not optimized for open loop operation. Moreover, CSI feedback is based on CRS for TM9, when PMI/RI is not configured with TM9. Therefore, 

· Performance loss could be expected with TM9 if it is configured with PMI/RI in moderate and high mobility scenarios.

· UE-RS based transmission is not possible with TM9 if it is configured without PMI/RI.   
· In Rel-10, PDSCH could be transmitted in MBSFN sub-frames with TM9. However, open-loop MIMO using TM3 will result in significant performance loss if it is used in MBSFN sub-frames. This is due to very less CRS in MBSFN sub-frames (only in control channel region). It should be noted that CRS overhead in MBSFN sub-frame is 5.6%, compared to 16.7% overhead in normal sub-frame for 4Tx. However, poor channel estimation in MBSFN sub-frames with CRS would be the significant factor for the performance loss.   
· In Rel-10, DL MIMO design supports up to rank 8. If TM3 is used for open-loop MIMO, there is unnecessary rank restriction. Moreover, this approach increases CRS overhead. 

Further, UE-RS based control channel enhancements are expected to be standardized in Rel-11 [1], and open-loop MIMO including MU-MIMO could be potential transmission scheme for this control channel enhancements. 
3. Preliminary performance results 
We evaluate the performance of TM9 at various channel condition ranging from low speed to high speed to illustrate performance difference between closed-loop and open-loop beamforming operation. We assume fixed transport block size, and PMI is calculated for closed-loop operation based on CSI-RS. In the open-loop operation, pre-coder is selected randomly.  The simulation assumptions are provided in the Appendix.  
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Figure 1: 4x2 ETU 3 km/h with sub-band PMI
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Figure 1: 4x2 ETU 30 km/h with sub-band PMI
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Figure 1: 4x2 ETU 120 km/h with sub-band PMI
As shown in Figure 1, the closed loop performance is much better than open-loop performance at low UE speed. However, the performance difference between open-loop and closed-loop is negligible at moderate and high speed as shown in Figure 2 and Figure 3. This is due to the fact that reported PMI does not reflect channel condition when it is applied at the eNB due to UE mobility, and it could be seen as random. However, CSI feedback performance with RI and CQI are to evaluated to see the performance benefits of open-loop operation at high UE speed.    
4. Conclusion

We discussed the need to define standardized scheme for open-loop MIMO based on UE-RS, and provided some preliminary simulation results. We propose RAN1 to further study and evaluate benefits for standardized solution for open-loop MIMO with UE-RS.  
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6. Appendix

Table 1: Simulation Assumptions 

	Parameter
	Value

	Transmission bandwidth 
	10MHz 

	Antenna configuration
	4x2 low antenna correlation

	Number of CRS antenna ports
	2 



	Number of CSI-RS and DM-RS antenna ports
	2 



	Number of control symbols
	2 

	Number of allocated RBs
	50 RBs 

	Pre-coding granularity
	1 RB 

	Number of pre-coding
	16 (Rel-8 codebook for 4 Tx)

	CSI reporting periodicity
	5ms

	Channel Model
	ETU with 3 km/h, 30km/h and 120km/h 

	Receiver Type
	Linear MMSE

	Channel Estimation
	Realistic (DM-RS based using 2D-LMMSE)

	CSI Estimation
	Realistic (CSI-RS based for CQI/PMI/RI estimation)



































































































































