[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #87                                       R1-1612734
Reno, USA, 14th – 18th November 2016

Source:	NTT DOCOMO
Title:	MIMO Calibration Results
[bookmark: Source]Agenda Item:	7.1.3.4
[bookmark: DocumentFor]Document for: 	Discussion
1. Introduction
At the RAN1 #86 meeting [1], it was agreed to do MIMO calibration.
Agreements:
· For the purpose of calibration, companies are encouraged to provide baseline results for NR MIMO in the following meetings, including link-level and system level simulations
· Discuss further on baseline simulation assumptions and metrics for calibration in email discussion after RAN1#86 
· Thereafter, email reflector is used to collect results (no online time for calibration discussions, similar to channel model calibration)

In the email discussion of [86-20], detailed evaluation methodologies, performance metrics and simulation assumptions were discussed and agreed. Related agreements were summarized in [2].
According to the agreement, the calibration shall be conducted based on the following timeline.
· Phase 1: Calibration can be used to check the channel model and the basic beamforming behavior, e.g., by looking at the SNR/SINR distribution (aim to finish it in RAN1#86bis) 
· Phase 2:  Start discussion on whether and how to establish the baseline.  Further discuss simulation assumptions for Phase 2 and Phase 3. Calibration can be used to check the link/system level performances, e.g., by looking at the BLER and spectrum efficiency (aim to finish it in RAN1#87) 
· Phase 3: Calibration can be used to check the UE movement/rotation/blockage (aim to finish it after RAN1#87)
A number of phase 1 evaluation results were submitted to RAN1#86bis. However, results from different companies are not well aligned. Based on the agreed evaluation assumptions, companies still have their own choices of implementation details. In order to achieve better alignments in the phase 1 results and avoid more diverse results for phase 2, it is desired to clarify the implementation details.
In this contribution, we discuss our implementation details and provide updated results for phase-1 MIMO calibration.
2. Clarification on Phase 1 calibration assumption
Although many assumption items have been discussed in [86-20] email discussion [2] and a way forward in RAN1 #86bis [3], there are still different understandings/interpretations of the evaluation assumptions. In addition, for those detailed items which are not mentioned in the evaluation assumption list, companies have different implementations. In this section some more detailed description used in the simulation are provided. The following description is based on the agreement: MIMO calibration only focuses on DL [2].
Beamforming
Beamforming are applied at both BS and UE sides. Not only analog beamforming but also digital beamforming based on SVD decomposition will be accounted in SINR metric calculation. Analog beamforming at BS firstly searches the transmit beam to UE. RSRP values of the selected transmit beam corresponding to each UE receive beam will be calculated and the pair with maximum RSRP value will be selected, which obeys maximizing receive power after beamforming in [2]. Then SVD is conducted on the channel matrix according to BS and UE beam pair for digital beamforming. 
However, digital beamforming is not involved during the TRP selection and inter-TRP interference calculation.
TRP selection
In TRP selection, only analog beamforming is considered and a single TXRU port, i.e., TXRU port 0, is involved in RSRP calculation here. The analog beam pair with the largest RSRP will be selected. Since the UE receive analog beamforming is also involved in this process, the RSRP calculation shall include the effect of UE receive analog beamforming. For that purpose, we have adapted the updated RSRP calculation, based on our proposal in [4].The TRP of the transmitting beam is specified as the serving TRP and other TRPs will become interfering TRPs.  
Interference calculation
Beam of non-serving TRP will be selected randomly and only analog beamforming is taken into consideration here. No digital beamforming is applied between interfering TRP and UE.  
SINR calculation
As mentioned above, signal power calculation may consider analog beamforming and digital beamforming at both BS and UE. Interference from non-serving TRP only takes RSRP measured at one port with analog beamforming. 
SINR is calculated as the ratio of signal power to interference and noise power. Signal power is transmitted from serving TRP with analog and digital beamforming. Interference power comes from non-serving TRP at Port 0 with only analog beamforming and the beam selection is random. SINR calculation here is not related to any user scheduling.  
3. Phase-1 System Level Performance
According to the work plan, phase-1 system level calibration shall provide the CDF of wideband SINR with and without beamforming. The motivation here is to check the wideband SINR with single beam transmission and with multi-beam transmission. SINR calculation is obtained by signals transmitted from all TXRUs at BS side and received by two TXRUs on the same selected panel at UE side. TXRU to antenna element mapping is based on a 2D DFT weighting. And the following angles are considered for single-beam and multi-beam cases, respectively.
-	For single beam case (fixed beam): in the horizontal dimension, the beam is pointed to 0 degree; and in vertical dimension, the beam is pointed to 102 degrees.
-	For multi beam case (beam sweeping): 
UMa: in the horizontal dimension, multiple beams uniformly span [-60, 60] degree; on the vertical dimension, multiple beams uniformly span [90, 160] degree.
Indoor hotspot: in the horizontal dimension, multiple beams uniformly span [0, 180] degree; on the vertical dimension, multiple beams uniformly span [0, 180] degree.
UE: in the horizontal dimension, multiple beams uniformly span [0, 180] degree; on the vertical dimension, multiple beams uniformly span [90, 180] degree.
In the multi-beam case, each TRP may choose one of the several beams for transmission while each UE has two panels but only one will be selected according to previous agreement. For each UE, its own panel and beam selection is based on RSRP measurement. TX and RX beam pair selection seeks for maximizing RSRP. To model the interference, we simply select a random beam from non-serving TRPs and only analog beamforming is applied in interference calculation. Other evaluation assumptions are provided in Table A (for UMa scenario) and Table B (for Indoor Hotspot scenario) in Appendix. In addition, performance of analog beamforming is also examined in above scenarios as a comparison to agreed beamforming strategy: analog beamforming and digital beamforming based on SVD decomposition. 
Based on the above mentioned evaluation assumption, Figure 1 and 2 are achieved wideband SINR CDF plots in UMa and Indoor Hotspot scenarios respectively. It can be seen from figures that digital beamforming on wideband SINR is slighted than analog beamforming. 
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Figure 1. CDF of wideband SINR with, without beamforming and with only analog beamforming in UMa
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Figure 2. CDF of wideband SINR with, without beamforming and with only analog beamforming in Indoor Hotspot Opt. 1 with 3 TRPs (left) and 12 TRPs (right)
4. Summary
In this contribution, we present the SINR performance for MIMO calibration.
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Appendix
Table A: Evaluation Assumptions for MIMO Calibration in UMa Scenario
	Parameters
	Values

	Layout
	Single Layer
Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency 
	30 GHz

	Bandwidth 
	40 MHz

	Subcarrier spacing
	60 KHz

	Channel model
	3D UMa

	BS Tx power
	43 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dH, dV, dHg,dVg) = (0.5, 0.5, 4.0, 2.0)

	BS TXRU mapping
	A single TXRU per panel per polarization is used.   2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x 2.

	BS Antenna height
	25 m

	BS receiver noise figure 
	7 dB

	UE antenna configurations
	(M,N,P,Mg,Ng) = (2,4,2,1,2)
(dH, dV, dHg, dVg) = (0.5, 0.5, 0, 0) 

	UE antenna height
	1.5 m

	UE receiver noise figure
	10 dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic

	Beam selection method
	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.
BS beam sweeping range: Azimuth [-60,60]; Zenith [90,160]
UE beam sweeping range: Azimuth [0,180]; Zenith [90,180]

	Evaluation Metrics
	CDF of wideband SINR with and without beamforming





[bookmark: _GoBack]Table B: Evaluation Assumptions for MIMO Calibration in UMa Scenario
	Parameters
	Values

	Layout
	Single Layer

	Inter-BS distance
	3 TRPs: 40 m
12 TRPs: 20 m

	Carrier frequency 
	30 GHz

	Bandwidth 
	40 MHz

	Subcarrier spacing
	60 KHz

	Channel model
	3D UMa

	BS Tx power
	23 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,1,1)
(dH, dV, dHg,dVg) = (0.5, 0.5, 0, 0)

	BS TXRU mapping
	A single TXRU per panel per polarization is used.   2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x 2.

	BS Antenna height
	3 m

	BS receiver noise figure 
	7 dB

	UE antenna configurations
	(M,N,P,Mg,Ng) = (2,4,2,1,2)
(dH, dV, dHg, dVg) = (0.5, 0.5, 0, 0) 

	UE antenna height
	1.5 m

	UE receiver noise figure
	10 dB

	UE distribution
	100% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic

	Beam selection method
	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.
BS beam sweeping range: Azimuth [0,180]; Zenith [0,180]
UE beam sweeping range: Azimuth [0,180]; Zenith [90,180]

	Evaluation Metrics
	CDF of wideband SINR with and without beamforming
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