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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.
And the following agreements were approved in RAN1 84bis:
Agreement: 
· Evaluate open-loop and semi-open-loop MIMO schemes until RAN1#85
· Example schemes proposed in RAN1#84bis are provided below
· NOTE: other schemes are not precluded 
· Companies are encouraged to provide performance, CSI feedback and transmission details 
In this contribution, we discuss several different semi-open-loop transmission schemes and conduct link level simulations to compare gains of different schemes. CSI enhancements are also discussed.
2. DMRS based Open Loop and Semi-Open-Loop Transmission Scheme
Several DMRS based semi-open-loop schemes were proposed in [2]. Fig.1 and Fig.2 illustrate the procedures of random beamforming (BF) and beamformed large delay CDD (BF CDD), respectively. In both schemes, the precoding matrix can be changed across RBs or REs. 
The RE level schemes can achieve more diversity gain due to the increasing frequency selectivity for small and medium RB allocation. However, the RE level schemes suffer from higher DM-RS overhead for high rank transmission compared to RB level schemes.
For BF CDD scheme, only random beamforming matrix W is applied to DMRS. While the precoder matrix W, CDD matrix D(i) and the U matrix are all used for data symbols. Compared to random BF, more diversity gain can be achieved due to RE precoder cycling by the matrix D(i) and U. But the CDD matrix also introduces additional complexity for PDSCH channel estimation.


Figure 1: Procedure of random beamforming.


Figure 2: Procedure of beamformed large delay CDD.
For Class A FD-MIMO, non-precoded CSI-RS is used for UE to measure the CSI. And UE uses dual codebook to quantize the CSI. The corresponding beam width of codebook for {8, 12, 16} antenna ports is also much narrower. Narrower beam width increases the beamforming gain but requires larger PMI bit width and more frequent CSI feedback. In order to obtain the gain of large antenna array, CSI needs be more accurate. In scenarios where it is challenging to meet this condition (e.g. with limited feedback or fast varying channels), open loop MIMO becomes a better choice. A more feasible approach for this situation is for the UE to feedback partial PMI information to the eNB. For example, UE can only feedback the long-term PMI, e.g. i11 and i12. The beam selection and co-phasing in i2 can be handled by open loop. And the feedback period of long-term PMI can be set long to further reduce feedback overhead.
If the open loop operation is considered for Class B (K=1) FD-MIMO, UE can simply cycle through a subset of available precoders. And the available precoder set can be predefined without PMI or dynamically constructed with partial PMI feedback.
In Class B (K>1) FD-MIMO operation, CRI is the additional feedback information that recommends CSI-RS resource in the close loop operation. The possible extension of open-loop for Class B (K>1) is cycling across configured CRI and PMI.
3. CQI Enhancement 
In the legacy open loop scheme such as TM3, CQI and RI are feedback without PMI. CQI is fed back with assumption of a set of per-subcarrier precoders which aligns with the transmission scheme. For Release 13 FD-MIMO, UE determine the precoder based on the CSI-RS and 2D codebooks or legacy codebooks. However, for the open loop transmission, eNB will use a set of precoders which is likely unknown to UE. To derive CQI more accurately, it is desirable to align UE and eNB’s understanding on which set of precoders is used and the precoding granularity.
For open loop transmission without PMI feedback, the set of available precoders can be fixed in the spec and tied to each REG or RBG (RB group). CQI can be calculated based on the set of precoders defined in the spec. For semi-open loop transmission with partial PMI feedback, several precoder set constructions can be predefined in the spec. And the current construction should be informed to UE by implicit or explicit ways. And the CQI can be calculated based on the corresponding configurations. 
Because the precoding matrices are different from on each PRB or PRE, the legacy CQI calculation does not match the current channel. It is necessary to enhance the CQI calculation, we list 3 alternatives for the computational details of CQI:
· [bookmark: OLE_LINK7]Alt1: Calculate the SINRs of each subcarrier in the concerned band, then select and report CQI according to the average SINR among the SINRs of all those subcarriers.
· Alt2: Calculate the SINRs of each subcarrier in the concerned band, then select and report CQI according to the maximum SINR among the SINRs of all those subcarriers.
· Alt3: Calculate the SINRs of each subcarrier in the concerned band, then select and report CQI according to the minimum SINR among the SINRs of all those subcarriers.
Compared with other 2 alternatives, Alt 1’s reported SINR would be closer to actual SINR with properly chosen averaging function.
4. Simulation Results and Performance Analysis
[bookmark: _GoBack]In this section, we provide some link level simulation results for different semi-open-loop transmission schemes. The detailed simulation parameters can be found in Appendix. And the CQI was calculated using Alt1. In our simulations, Release 12 8Tx codebook is used and only i1 is feedback by UE for semi-open loop transmission. We just use the four precoders reported by UE with the same co-phasing of 1 for semi-open loop transmission. And four orthogonal precoding matrices are used for open loop schemes.
Figure 1(a) shows the throughput comparison among close loop spatial multiplexing, semi-open loop RB level Random BF and open loop RB level Random BF. It can be seen that semi-open loop schemes with partial PMI can provide better performance compared to open loop scheme without PMI. So it is necessary to define a DMRS based semi-open loop transmission with partial PMI feedback.
Figure 1(b) shows the throughput of different transmission schemes. One of the observations is that the throughput of proposed semi-open loop scheme is better than that of close loop spatial multiplexing scheme (TM9) with the velocity of 60km/h. The other observation is that RE level scheme is superior to RB level schemes. The primary reason is that the equivalent channel of RE level scheme is more selective for small RB allocation, which can provide more diversity gain than RB level schemes. And because the CDD matrix D can supply additional CDD diversity gain. Beamformed CDD performs better than random beamforming.
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  (a)                                 (b)
[bookmark: OLE_LINK5]Figure 1(a): Throughput comparison among close loop spatial multiplexing (CLSM), semi-open loop RB level Random BF(SOL-RB-Random BF) and open loop RB level Random BF(OL-RB-Random BF).
Figure 1(b): Throughput comparison among CLSM and different semi-open loop schemes.
Figure 2 gives the performance comparison between schemes with and without CQI enhancement of random BF and BF CDD. Alt3 in section 3 is used for CQI calculation. It can be seen that there is some performance loss without CQI enhancement especially in medium and high SNR region.
[image: ] [image: ]
Figure 2: Throughput performance comparison between with and without CQI enhancement.
From the above analysis and simulation results, we have the following observations and proposals:
[bookmark: OLE_LINK6][bookmark: OLE_LINK10]Observation 1: With assistance of partial PMI, semi-open loop transmission performs better than open loop transmission without PMI and close loop spatial multiplexing under the condition of long feedback periodicity and middle level velocity.
Observation 2: RE level scheme can provide better performance than RB level scheme, but suffers from higher DM-RS overhead for high rank transmission.
Observation 3: Beamformed CDD performs better than random beamforming, but introduces additional complexity for PDSCH channel estimation.
Proposal 1: It is necessary to define DMRS based semi-open-loop transmission schemes with partial PMI feedback.
Proposal 2: CSI enhancement, especially CQI enhancement should be studied for semi-open-loop transmission.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 3: If DMRS-based semi-open-loop transmission is defined, partial PMI such as long-term PMIs are feedback by UE and the short-term PMI can be cycled per RB or RE.
5. Conclusion
Observation 1: With assistance of partial PMI, semi-open loop transmission performs better than open loop transmission without PMI and close loop spatial multiplexing under the condition of long feedback periodicity and middle level velocity.
Observation 2: RE level scheme can provide better performance than RB level scheme, but suffers from higher DM-RS overhead for high rank transmission.
Observation 3: Beamformed CDD performs better than random beamforming, but introduces additional complexity for PDSCH channel estimation.
Proposal 1: It is necessary to define DMRS based semi-open-loop transmission schemes with partial PMI feedback.
Proposal 2: CSI enhancement, especially CQI enhancement should be studied for semi-open-loop transmission.
Proposal 3: If DMRS-based semi-open-loop transmission is defined, partial PMI such as long-term PMIs are feedback by UE and the short-term PMI can be cycled per RB or RE.
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Appendix
	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
	5ms

	PMI/RI Periodicity
	40 subframes

	Channel Model
	CDL-A (DSdesired =100ns)

	Channel Estimation
	Ideal 
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