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1. Background and Introduction
The WI entitled “Enhancements on Full-Dimension(FD) MIMO for LTE” was approved in RAN plenary #71[1]. One of the objectives is to 
· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas 
· Necessary CSI reporting scheme, including with and without PMI; and/or
· Necessary open-loop transmission scheme.
In this contribution, we discuss several different semi-openloop transmission schemes with PMI feedback and conduct link level simulations to compare gains of different schemes. 
2. Semi-Open-Loop Transmission Scheme with PMI feedback
Open-loop MIMO transmission was introduced in Rel-8 to support UEs which do not have reliable CSI feedback due to channel variation and limited feedback ability. TM3 relies on CRS for demodulation and supports diversity transmission up to rank four. However, TM3 use fixed precoding matrices. In case that there is PMI feedback, it is possible for the eNB to take advantage of the information and construct precoding matrix. Although the CSI feedback is not accurate, it still can provide some coarse channel information. 

For class A process, UE reports two kinds of PMI, wideband PMI(PMI1) and subband PMI(PMI2). PMI1 indicates the possible precoding vectors in the horizontal and vertical direction. PMI2 is used for beam selection and co-phasing. One possible way to construct codebook is to use the precoding matrices reported by PMI1 and the co-phasing factor reported by PMI2. For example, UE reports RI = 1 for the case of 8Tx, and PMI1 indicates [b1,b2,b3,b4] for the long term codebook, and the co-phasing factor reported by PMI2 is j, then the corresponding precoding matrices are .
For class B (K>1) process, UE not only feedback PMI, but also reports its optimal CRI. eNB could construct its precoding matrices according to the CRI and PMIs reported by the UE.
There are two kinds of semi-open loop transmission schemes, PMI-based random beamforming and beamformed large delay CDD, whose procedures are depicted in Fig. 1 and Fig. 2. For PMI-based random beamforming scheme, we do not apply the CDD matrix D.


Figure 1: Procedure of PMI-based random beamforming.


Figure 2: Procedure of beamformed large delay CDD.




In all of those two schemes,  and  are the precoding matrix for each RB or each subcarrier.  changes across RBs, which is shown in Fig. 3. And  changes across subcarriers, which is shows in Fig. 4. In Fig.4, all REs with the same number will use the same precoding matrix including the REs with reference signal. Matrix U and D are not applied to RS.


Figure 3: Precoding scheme for RB level BF 


Figure 4: Precoding scheme for subcarrier level beamforming
It can be seen that the RB level scheme has litter effect on the exiting procedure of PDSCH. While the subcarrier level scheme needs more standardization. REs using the same precoding vector should be associated with the corresponding DMRS port. 
3. Simulation results and performance analysis
In this section, we show some link level simulation results of schemes discussed in the previous section. For the case of RI =1, both CDD matrix D and rotation matrix U are equal to 1, so the beamformed large delay CDD is just the PMI-based random beamforming. Fig.5 shows the BLER and BER performance comparison between PMI-based random beamforming and TM9 with fixed CQI = 4 and RI = 1. The more detailed simulation parameters can be found in the Appendix. 
It can be seen that the BLER and BER performance of proposed scheme is better than that of close loop spatial multiplexing scheme (TM9) with the velocity of 60km/h. The other observation is that subcarrier level scheme is superior to RB level transmission. The primary reason is that the equivalent channel of subcarrier level CDD is more selective, which can provide more frequency diversity gain than RB level CDD. The same conclusion can be found for the rank2 case showed in Fig.6. 

[image: ]
Figure 5:  BLER&BER performance of semi-open-loop scheme and TM9. [CQI=4, RI=1, velocity=60km/h, Feedback Periodicity = 40ms.]
[image: ]
Figure 6:  BLER&BER performance comparison between PMI-based random beamforming and TM9. [CQI=4, RI=2,velocity=60km/h, Feedback Periodicity = 40ms.]
[image: ]
Figure 7:  BLER&BER performance comparison between beamformed large delay CDD scheme and TM9. [CQI=4, RI=2,velocity=60km/h, Feedback Periodicity = 40ms.]
Fig. 7 shows BLER and BER performance comparison between beamformed large delay CDD and TM9. Beamformed large delay CDD also can provide better performance than TM9. Because the CDD matrix D can supply additional CDD diversity gain. And the rotation matrix U in beamformed large delay CDD can averages the channel between different layers. Beamformed large delay CDD performs better than PMI-based random beamforming.
From the above analysis and simulation results, we have the following observations and proposals:
Observation 1: With assistance of PMI, semi-open loop transmission performs better than close loop spatial multiplexing under the condition of long feedback periodicity and middle level velocity.
Observation 2: Subcarrier level scheme can provide better performance than RB level scheme, but suffers from higher DM-RS overhead for high rank transmission.
Proposal 1: It is necessary to define DM-RS based semi-loop schemes.
4. Conclusion
Observation 1: With assistance of PMI, semi-open loop transmission performs better than close loop spatial multiplexing under the condition of long feedback periodicity and middle level velocity.
Observation 2: Subcarrier level scheme can provide better performance than RB level scheme, but suffers from higher DM-RS overhead for high rank transmission.
Proposal 1: It is necessary to define DM-RS based semi-loop schemes.
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	Parameter
	Value

	Allocation RBs
	6RBs

	UE mobility
	60km/h

	BS Antenna Configuration
	(K,M,N,P) = (8,8,4,2),X-pol(+/-45o), 0.5λ H/V

	UE Antenna Configuration
	2Rx X-pol(0/90o)

	Receiver type
	Linear MMSE

	Feedback delay
	0

	PMI/RI Periodicity
	40 subframes

	Channel Estimation
	Ideal 
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