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1 Introduction

According to the SI on uplink enhancements for the UL of Rel-11 [1] the following is listed:

· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation
· uplink channel-independent MIMO schemes
Furthermore, the following text is provided in the justification for the SI [1]:

“Considering the realistic UE implementation, the uplink MIMO schemes that do not depend on stringent RF requirements but yet can achieve high spectral efficiency in small-cell scenarios can be beneficial and should be investigated. In addition, the new scenarios that have not been sufficiently covered during the work in Rel.10, such as higher mobility […] with good channel conditions, where “channel-independent” MIMO may be advantageous.”
 This contribution studies the potential advantages of OL-MIMO in Rel-11 and lists preferences in case a new OL-MIMO transmission scheme is introduced in Rel-11.
2 Justification and Objectives for a new OL-MIMO Transmission Scheme
UL OL-MIMO and CL-MIMO schemes have been extensively evaluated and compared during the Rel-10 framework and the conclusion that OL-MIMO is not necessary from a performance point of view was reached. Various link channel models, antenna correlation values, link adaptation error models and antenna imbalance parameters have been taken into account in order to form the conclusion that OL-MIMO is not supported in Rel-10 UL. Another argument in favor of OL-MIMO was the possibility to support efficient signaling compared to CL-MIMO schemes with two CWs by bundling MCS values and HARQ ACK/NACKs, however RAN1 later agreed that defining CW-specific link adaptation and HARQ feedback is preferable. While some of the evaluations during the Rel-10 work focused on low to medium speed scenarios [6], many companies have also provided results for high mobility scenarios [6,7,8,9,10].
Considering the large effort spent by companies in Rel-10 for studying, evaluating and finally not agreeing on UL OL-MIMO it appears reasonable that a repeated evaluation work should be based on new strong justifications different from those already considered in Rel-10. According to the UL Enhancements SI description [1] it appears that OL-MIMO targets spectral efficiency improvements for the following scenarios:
1. UEs with relative phase discontinuity between antennas
2. UEs in high mobility with good channel conditions.

Requirements regarding phase continuity between transmit antennas for Rel-10 UEs are currently under discussion in RAN4. As long as RAN4 has not reached a conclusion regarding phase coherence requirements and the corresponding error model, it is impossible for RAN1 to assess the trade-off between CL-MIMO and OL-MIMO. In order to maximize efficiency in RAN1, it is proposed to address the CL/OL trade-off performance study for target scenario 1) only after an agreement is reached in RAN4 and the reference phase error model is agreed.
Furthermore, RAN1 should better define the target scenario 2) and harmonize simulation assumptions. The following parameters are suggested as baseline for OL-MIMO evaluations:
	Scheduling bandwidth
	25 PRBs

	Frequency hopping
	On/Off

	Link Adaptation
	Target BLER 0.1

	Channel model
	ETU

	Antenna configuration
	2x2, 2x4, 4x4

	Antenna correlation
	No correlation between receive antennas;
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	Receiver
	LMMSE with practical channel estimation

	Doppler
	222, 555 Hz

	AGI
	0,9dB


Table 1: proposed set of simulation assumptions for OL-MIMO evaluations.
It is also observed that a new potential OL-MIMO scheme would be likely beneficial for a limited number of UEs within the network, i.e., mainly those UEs experiencing high Doppler shifts. In order to avoid unjustified implementation costs at either UE or eNB side it is essential that the chosen scheme may reuse most of the implementation for Rel-10 SU-MIMO schemes. 
Observations:
· Downprioritize OL-MIMO investigations targeting phase discontinuity until an agreement is reached in RAN4 regarding this issue
· The trade-off between CL/OL-MIMO should be studied based on a phase continuity model provided by RAN4

· Evaluations for high-speed high-SNR applications should be based on a set of commonly agreed simulation parameters (e.g., from Table 1)
· The chosen OL-MIMO scheme should reuse most of the Rel-10 baseband implementation at both UE and eNB sides.

3 Review of potential OL-MIMO Schemes for Rel-11
Table 2 lists some OL-MIMO schemes already proposed in the Rel-10 framework and the corresponding pros and cons with respect to Rel-11 applications. 
	Scheme
	Pros
	Cons
	Recommendation

	CDD
	Simple implementation
	Poor or unstable performance according to Rel-10 results [5,10]
	Do not evaluate

	FSTD
	
	Poor performance [5]
	Do not evaluate

	STBC
	Full diversity gain
	Only applicable with even number of symbols; 
performance degradation at low SNR due to non-precoded DMRS [6].
	Do not evaluate

	M-SFBC [2]
	Full diversity gain; good performance at high SNR; 

	Performance degradation for selective channels; performance degradation at low SNR due to non-precoded DMRS.
	Do not evaluate 

	PC (Precoder Cycling) in time domain
	
	Increases equalization complexity;

Requires full rank DMRS;

Not applicable for full rank transmission;
	Do not evaluate

	LTP (long term precoding) [6,9]
	No specification impact;
Exploits long term correlation
	Only beneficial for correlated antennas 
	Evaluate

	LTP with frequency hopping
	Combines correlation gain from LTP with diversity in frequency domain
	
	Evaluate

	LS (layer shifting) [11]
	Efficient implementation
	Only for rank>1
	Evaluate

	LS (layer shifting) with frequency hopping
	Efficient implementation
	Only for rank>1
	Evaluate

	AS (Dynamic Antenna Selection) with full power on the selected antenna and optionally FH
	Efficient implementation;
Good performance for AGI;

Does not require phase stability;
Power efficient;
	No diversity gain
	Evaluate

	SIMO 
	Rel-10 scheme
	Limited to rank-1
	Evaluate as rank-1 Rel-10 baseline

	SIMO with frequency hopping
	Rel-10 scheme, diversity in frequency domain
	Limited to rank-1
	Evaluate as rank-1 Rel-10 baseline

	NCA (non contiguous allocation)
	Rel-10 scheme, diversity in frequency domain
	CM degradation
	Evaluate as Rel-10 baseline


Table 2: Comparison of OL-MIMO Schemes from Rel-10
According to Table 2 two promising schemes in terms of performance and implementation complexity are LTP, AS and LS. Improved robustness can be enabled by allowing frequency hopping for such schemes, even for rank>1. It should be noted that LS was evaluated in Rel-10 in the context of ACK/NACK bundling and overhead reduction, while the primary scope here is improved performance for high speed UEs with high SNR.
Some schemes such as CDD, STBC, FSTD and M-FSTD have already been extensively evaluated in Rel-10 without identifying performance improvements justifying their implementation cost. Valid reasons for repeating their evaluations in Rel-11 seem to lack. Precoder cycling is not regarded as a potential Rel-11 candidate as it affects both channel estimation and equalizer implementations and requirements.
Observations:
· No need to re-evaluate schemes already discarded in the Rel-10 framework (e.g., CDD, STBC, FSTD and M-FSTD)

· Long term precoding promising for correlated antennas and low-rank transmission

· Dynamic antenna selection promising in case of AGI

· Layer shifting promising for rank>1

· Frequency hopping to be evaluated at least in conjunction with LTP and LS.

· SIMO, SIMO with frequency hopping and non-contiguous allocation should be all evaluated as Rel-10 baselines
4 Summary

This paper initiates the study of OL-MIMO for Rel-11. Based on the discussion the following observations are made:
Observations:
· Downprioritize OL-MIMO investigations targeting phase discontinuity until an agreement is reached in RAN4 regarding this issue

· The trade-off between CL/OL-MIMO should be studied based on a phase continuity model provided by RAN4

· Evaluations for high-speed high-SNR applications should be based on a set of commonly agreed simulation parameters.

· The chosen OL-MIMO scheme should reuse most of the Rel-10 baseband implementation at both UE and eNB sides.

· No need to re-evaluate schemes already discarded in the Rel-10 framework (e.g., CDD, STBC, FSTD and M-FSTD)

· Long term precoding promising for correlated antennas and low-rank transmission

· Dynamic antenna selection promising in case of AGI

· Layer shifting promising for rank>1

· Frequency hopping to be evaluated at least in conjunction with LTP, AS and LS.

· SIMO, SIMO with frequency hopping and non-contiguous allocation should be all evaluated as Rel-10 baselines
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