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1 Introduction
Open-loop MIMO and related potential enhancements have briefly been mentioned during Rel-10 (i.e. [2] and [3]) but not thoroughly investigated. It has been decided to discuss this topic during the study item related to downlink MIMO enhancements for Rel-11 [1]. 
The basic motivation of the Rel-8 open-loop MIMO scheme (TM3) was to provide reasonable throughput and performance for moderate and high mobility users. In this scheme, PMI feedback is eliminated because it is not as reliable for scenarios where channel is changing quickly in time. TM3 exclusively uses cell-specific reference signals (CRS) for measurement and demodulation. 
The Rel-10 transmission mode TM9 is optimized for closed-loop and low mobility transmission scenarios. TM9 utilizes UE-specific demodulation reference signals (DM-RS) and channel state information reference signals (CSI-RS). Transmission modes that use UE-specific reference signals will continue to exist in the future releases. 
Using UE-specific reference signals should be considered for open-loop MIMO schemes as well. In this contribution, motivations and benefits of supporting open-loop MIMO on top of TM9 using UE-specific reference signals will be provided. Simulation results for evaluating throughput loss related to closed-loop (TM9, TM4) and for open-loop (TM3) for moderate and high mobility are shown in Appendix. The results show that there is a noticeable performance loss for TM9 compared to TM3 for moderate and high mobility scenarios even if overhead related to CRS allocation is set to zero. Based on these results and discussion, it is proposed to study the UE-specific RS based open-loop MIMO schemes.
2 Motivations 
The motivations for using UE-specific reference signals for open-loop schemes are:
· Avoiding performance loss: For moderate and high mobility scenarios, TM9 has a significant performance degradation as it cannot track fast channel variations. On the other hand, properly designed open loop MIMO schemes can better cope with the mobility scenarios. Simulation results in Appendix A show that TM9 at high SNRs has up to 11% throughput loss compared to TM3. Note that no CRS overhead is assumed for TM9 in the simulation. If we consider CRS overhead, a larger throughput loss is expected for TM9. 
· Reducing CRS overhead and relaxing rank restriction: In Rel-10, CRS is used mainly for PDCCH detection and RSRP measurement. In addition, CRS supports PDSCH detection for legacy UEs (Rel-8/9 UEs). For Rel-10 UE using TM9, Table 1 presents the overhead of CRS and DM-RS resource elements within the PDSCH region assuming 3 OFDM symbols for the PDCCH and a normal subframe. It is shown that the overhead of CRS in PDSCH region is not marginal. For instance, the overhead related to CRS and DM-RS for rank 2 configuration and 4 port CRS is about 21%. In later deployments of a Rel-10 network, the number of CRS-bearing ports may be reduced to minimize CRS overhead. For example, the overhead of CRS and DM-RS can be reduced to 14% if only port 0 CRS is configured. This represents about 7% of CRS overhead reduction which leads to a better throughput for TM9. 
Moreover, for the UE configured in TM3, the maximum transmission rank may be restricted to the number of CRS ports which is not the case for the UE configured in TM9. 
	
	DMRS + CRS overhead
	CRS Overhead

	
	Rank(2
	Rank≥3
	

	Port 0
	(6+12)/132=14%
	(6+24)/132=23%
	6/132=4.5%

	Port 0-1
	(12+12)/132=18%
	(12+24)/132=27%
	12/132=9%

	Port 0-3
	(16+12)/132=21%
	(16+24)/132=30%
	16/132=12%


Table 1: Overhead related to CRS and DMRS within PDSCH region in normal subframe (TM9)
· Support of open-loop for the MBSFN sub-frame: CRSs are not transmitted in the MBSFN region of the subframe. Alternative solutions are needed to support open-loop for this case.
· Design simplicity: In future releases, the network will use mostly the decoupled reference signals CSI- RS and DM-RS. Therefore, adopting an open-loop scheme based on DM-RS instead of CRS will simplify the design in the sense that DM-RS will be used for both closed-loop and open-loop. 
3 Conclusions
Motivations for using UE-specific based open-loop schemes have been discussed in this contribution. The advantages of using such kind of schemes are:

· Avoiding performance loss for the transmission modes using UE-specific reference signals in moderate and high mobility scenarios,
· Reducing CRS overhead and relaxing rank restriction,
· Support of open-loop for the MBSFN subframe,
· Design simplicity.
Based on the discussion, it is proposed to study UE-specific RS based open loop MIMO schemes. 
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Appendix A. Evaluation results

Simulations were performed to evaluate the expected throughput for existing open-loop scheme (TM3) and closed-loop (TM4 and TM9) for moderate and high mobility. The simulation assumptions are listed in Table 2. 
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Figure 1:  Throughput comparison related to TM3, TM4 and TM9 for moderate mobility scenario
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Figure 2: Throughput comparison related to TM3, TM4 and TM9 for high mobility scenario
	Common simulation assumptions

	Number Tx Antennas
	4

	Number Rx Antennas
	4

	Channel Estimation
	ideal

	Channel Model
	TU

	CQI delay
	4 msec

	UE speed 
	30, 120 km/hr

	Simulated rank 
	Rank adaptation used 

	Number of RBs
	4

	Target HARQ termination
	10% BLER after first transmission

	HARQ process
	IR

	Simulation assumptions related to TM9

	Number of CRS ports
	0

	CSI-RS
	No

	DMRS
	Yes

	Feedback type
	3-1

	Number of occupied RE for data transmission per RB
	Rank 1,2
	120

	
	Rank 3,4
	108

	Simulation assumptions related to TM3, TM4

	Number of CRS ports
	4

	CSI-RS
	No

	DMRS
	No

	Feedback type
	3-0 for TM3

	
	3-1 for TM4

	Number of occupied RE for data transmission per RB
	116


Table 2: Simulation assumptions
As seen in Table 2, the overhead of the two closed loop techniques (TM4 and TM9) are different. Consequently, when comparing these two closed-loop techniques, there is a slight difference for the reported throughput in low and high SNR related to the selected rank. Nevertheless, the results show that the open-loop scheme outperforms the closed-loop schemes (up to 22% gain) for the moderate and high mobility scenarios. 






























