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1. Introduction
The Elevation Beamforming / Full-Dimension MIMO WI was approved in RAN #66 [1] (further denoted as FD MIMO WI). The WI part has the following objectives [1]: 
	Core part

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mappingBeamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO

· The maximum number of DMRS ports that a UE may be able to receive is kept as 8

· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 

· Necessary channel state information for beamformed CSI-RS

· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]

Performance part [RAN4]
· Specify the necessary UE performance requirements to utilize both elevation and azimuth domains with 2D antenna array at eNBs.


Based on the WID in RAN4 #77 the RAN4 needs to discuss the UE demodulation Core part impacts while the work on the WI Performance part is expected to start in RAN4 #78. In this contribution we provide our initial views on the UE demodulation core and performance impacts. 

2. Discussion

2.1 UE RRM and Demodulation Core requirements impacts
RRM Core requirements impacts
The FD MIMO enhancements are focused on the improvement of the PDSCH demodulation performance and do not have any direct impacts on UE implementation in terms of cell acquisition, RRM measurements, or RLM procedures. Therefore, no new UE RRM Core requirements need to be introduced.
UE demodulation Core requirements impacts
The UE demodulation generally mainly include the Performance requirements. In our understanding, the only potential UE demodulation Core impact is the introduction of the new performance test metrics. In accordance to the RAN1 agreements [2], new BI (beam index) CSI reporting is expected to be introduced and its implementation at the UE side may need to be verified using RAN4 CSI reporting requirements. At current stage the following performance metrics are used to verify that UE fulfils the CSI reporting requirements:

· CQI reporting

· Wideband and Subband CQI statistics (median CQI, median CQI difference)

· PDSCH BLER

· PDSCH throughput ratio for different input MCS/CQI (follow CQI vs random CQI)
· PMI reporting

· PDSCH throughput ratio (follow PMI vs random PMI)
· RI reporting

· PDSCH throughput ratio (follow RI vs fixed RI)
· RI statistics (compare RI for different CSI processes)

To verify proper BI reporting, similar approaches can be considered. In particular, it may be possible to compare the PDSCH throughput under assumption of using follow BI and fixed/random BI approaches. In addition, the BI statistics (e.g. median, time variation, etc) can be considered to verify proper UE implementation. However, we would like to note that at the very initial stage of the RAN4 work on the FD MIMO WI it may be difficult to derive final conclusions on the required test metrics. Therefore, we recommend to postpone the decision till the moment when the exact test cases are discussed.
Summary

In summary we think that FD MIMO WI does not have any impacts on the UE RRM and UE demodulation Core requirements. Meanwhile, we recommend to further discuss introduction of new UE demodulation requirements performance metrics for BI reporting during the WI performance part.
Proposal #1:
FD MIMO WI does not have any UE RRM and UE demodulation Core requirements impacts. 

Proposal #2:
Further discuss introduction of the UE demodulation requirements performance metrics during the WI performance part.
2.2 UE demodulation Performance requirements impacts
The current RAN1 agreements on the introduced FD MIMO functionality is provided in [2]. The following general new functionality is introduced in the scope of FD MIMO WI.

· CSI reporting enhancements 

· CSI process definition (Class A and B CSI reporting)

· CSI measurement restriction (MR)
· Reference signals enhancements

· CSI-RS enhancements
· SRS enhancements

· DMRS enhancements

Below, in Table 1 we provide views on the FD MIMO functionality impacts on the UE demodulation requirements.
Table 1. FD MIMO impacts on the UE demodulation and RAN4 requirements

	FD MIMO functionality
	UE demodulation and RAN4 requirements impacts

	CSI reporting enhancements
	The majority of the FD MIMO enhancements are focused on the improvements of the UE CSI reporting procedures. First, two different CSI reporting classes were introduced for the FD MIMO systems – Class A and B. 
For the class A, UE reports CSI according to W=W1W2 codebook based on {8,12,16} CSI-RS ports based on the Kronecker product of the DFT based precoding vectors. The codebook has configurable port layout, oversampling and grid of beam configuration.

For the class B, two approaches from beam selection were introduced using beam selection reporting (BI) or beam selection codebook. 
In addition, CSI measurement restrictions (MR) were introduced, when the resources for the channel and interference measurements can be restricted / configured by the eNB.

Therefore, it can be seen that a multitude of different CSI reporting enhancements were introduced and the respective functionality needs to be covered by the appropriate CSI reporting requirements.

	CSI-RS enhancements
	The CSI-RS enhancements include new NZP CSI RS with 12 and 16 ports. The functionality was introduced to support the CSI reporting enhancements for class A CSI reporting mentioned above and similarly has impacts mainly on the CSI measurements procedure. So, the functionality can be covered by the CSI reporting requirements jointly with the CSI reporting enhancements functionality.

	SRS enhancements
	No impacts on the UE demodulation. Related to the UE transmit procedures. No impacts on the RAN4 requirements.

	DMRS enhancements
	The DMRS design with OCC=4 and 12 REs/PRB for supporting up to 4 orthogonal ports was introduced. The functionality has impacts on the PDSCH demodulation procedures. However, the DMRS enhancements are provided for the MU-MIMO scenarios which are typically not covered by the RAN4 performance requirements. Meantime, certain PDSCH functional single-user tests can be introduced to verify proper feature implementation. 


Based on the analysis above we make the following proposals on the introduction of the new UE demodulation performance requirements.
Proposal #3:
No new control channel performance requirements need to be introduced (PDCCH, PCFICH, PHICH, EPDCCH, PBCH) for FD MIMO. 

New CSI reporting requirements need to be introduced to verify proper implementation of the FD MIMO CSI reporting and also CSI-RS enhancements.


New PDSCH demodulation requirements need to be introduced to verify DMRS enhancements. 
New MIMO channel models need to be introduced to define the requirements in application to the antenna configurations considered in the Rel-13 FD MIMO studies. Assuming that virtualization is applied the number of different transmit antennas / ports is upper bounded by 16. The existing requirements are mainly designed for the 1x2, 2x2 and 4x2 antennas configurations. There is a very limited number of test cases defined for the 8x2 antennas configurations. Therefore, the number of TX antennas considered in the FD MIMO WI substantially exceeds the number of antennas considered in the existing RAN4 requirements. Meantime, the number of antennas on the transmitter / receiver sides has direct impact on the number of TE faders and, hence, the overall test cost. Given, the ongoing RAN4 work on the 4 RX antennas configurations the overall number of faders may further increase. Therefore, we recommend RAN4 to take into account the TE complexity / cost aspects during FD MIMO channel model design and test case introduction.
3. Conclusions

In this contribution, we have provided our views on the FD MIMO UE demodulation impacts. In summary, we make the following proposals:
Proposal #1:
FD MIMO WI does not have any UE RRM and UE demodulation Core requirements impacts. 

Proposal #2:
Further discuss introduction of the UE demodulation requirements performance metrics during the WI performance part.
Proposal #3:
No new control channel performance requirements need to be introduced (PDCCH, PCFICH, PHICH, EPDCCH, PBCH) for FD MIMO. 

New CSI reporting requirements need to be introduced to verify proper implementation of the FD MIMO CSI reporting and also CSI-RS enhancements.


New PDSCH demodulation requirements need to be introduced to verify DMRS enhancements. 
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