[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #87                                                            R1-1611424
Reno, USA, 14th – 18th November 2016

Source:	ZTE, ZTE Microelectronics
Title:	Phase 1 calibration results for NR MIMO
Agenda Item:	7.1.3.4
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
In RAN1#86, the agreements of starting MIMO calibration have been made [1]. The consensus on the phased approach and calibration related assumptions for Phase 1 have been reached in [86-20] email discussion [2]. In RAN1 #86-BIS, the following metric for Phase 1 link-level calibration with simplified antenna configuration is added [3]:
· The metric of CDF of receive SNR w/ beamforming of one panel one polarization for both TRP and UE under beam selection method 1 at SNR=0dB and 30GHz.
	BS antenna configurations
	30GHz:  (M,N,P,Mg,Ng) = (4,8,1,1,1). (dV,dH) = (0.5, 0.5)λ.

	UE antenna configurations
	30GHz:(M, N, P, Mg, Ng) = (2, 4, 1, 1,1); (dV,dH) = (0.5, 0.5)λ


In [86b-19] email discussion, some further clarifications on this assumption for Phase 1 have been made [4] with the efforts of proponents. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we provide the results of NR MIMO Phase 1 calibration for both link level and system level accordingly.
Initial results for link-level calibration
Simplified antenna configuration of one panel one polarization at 30GHz
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Figure 1 Distribution of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration
4GHz
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Figure 2 Distribution of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration

30GHz
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Figure 3 Distribution of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration

Initial results for system-level calibration
Indoor hotspot (carrier frequency 30GHz)
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Figure 4 CDF of wideband SINR with and without beamforming for Phase 1 calibration

Urban macro (carrier frequency 30GHz)
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Figure 5 CDF of wideband SINR with and without beamforming for Phase 1 calibration

Macro layer for dense urban scenario (carrier frequency 4GHz)
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Figure 6 CDF of wideband SINR with and without beamforming for Phase 1 calibration
Micro layer for dense urban scenario (carrier frequency 30GHz)
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Figure 7 CDF of wideband SINR with and without beamforming for Phase 1 calibration
Details of beam selection 
Two methods for beam selection mentioned for calibration agreed as follows: 
· Beam Selection Method 1: Adopt the approach proposed by Nokia.  The DFT beam directly is pointing to the strongest cluster.
· Beam Selection Method 2: Select a beam among the limited set of DFT beams with oversampling factor=1.  Select the best beam pair at the same time based on the criteria of maximizing receive power after beamforming.  Companies provide the details of beam selection.

Method 1 and Method 2 are used for link-level calibration while Method 2 is used for system-level calibration.
Beam Selection Method 1, 
The strongest cluster for CDL model is determined first, which is the #2 cluster for CDL-A and for #1 cluster for CDL-B. Considering the boresight of each UE panel to the TRP, the DFT beam of TRP pointing to the azimuth and zenith angles for the selected cluster is identified for each UE panel.  SVD is done to calculate the digital beam based on the selected analog beam. The UE panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels.
Beam Selection Method 2
TXRU virtualization weights, i.e. available analog beams, for each panel at 30GHz are the Kronecker product between vertical and horizontal weight vectors taken from DFT, with oversampling factor = 1.  One fixed TRP panel with one polarization (i.e. only one TXRU) is used at TRP side for analog beam selection. With respect to this fixed TRP panel, the best beam pair and its associated panel per each UE panel is then identified based on the criteria of maximizing receive power with one polarization for UE (i.e. only one TXRU) after analog beamforming.  SVD is done to calculate the digital beam based on the selected analog Tx-Rx beams, which should be used for all panel all polarization for BS and the selected panel all polarization for UE. Notes that the UE panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels. Note that for 4GHz scenario, the TXRU virtualization is simplified into 1D in elevation domain, and the above-mentioned Method 2 for 30GHz would be reused but the granularity generating analog beams is modified into 1D vertically linear array instead of panel.  
Notice that the DFT beam candidate in beam selection method 2 is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN 
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas. Notes that these beam candidates should be down-selected, according to the valid ranges of beam directions per scenarios for system level calibration.  Additionally, since the sinc function instead of cosine might be used, e.g., for generating its horizontal-related weight vectors, the beam direction potentially ranges from –pi/2 to pi/2 and therefore the aforementioned formula should be revised accordingly.     
Selection for serving TRP in SLS
The serving TRP is selected under the objective of maximizing RSRP with best analog beam pair, where the digital beamforming is not considered here. The other TRPs seem as the interfering ones. 
Beam Selection for interfering TRP in SLS
Regarding the metrics of SINR calculation, the beam for interfering TRP is also required to be clarified here. We used random beam index generation of each interfering TRP, i.e., random selecting the random beams for non-serving TRP, for calculation of interference power. Taking into account one typical case of  interference signals without digital precoding, digital beamforming for non-serving TRPs would not be considered for interference calculation, i.e., single TXRU with one panel (for 30GHz)/one vertical-dimension virtualization (for 4GHz) and one polarization.  
Conclusion
This contribution provides our initial results of Phase 1 calibration for NR MIMO. Some details of beam selection are also provided. These results should be taken into collection for the calibration comparison in this SI.
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