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Introduction
In RAN1#86, the agreements of starting MIMO calibration have been made [1]. The consensus on the following phased approach and calibration related assumptions for phase 1 have been reached in [86-20] email discussion [2]. 
· 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) 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution makes further clarifications on Phase 1 calibration assumptions, and then elaborates the assumptions for Phase 2 & 3 calibration.
Further clarifications on Phase 1 calibration assumption
#1 Receive SNR of link-level 
In [86-20] email discussion, the CDF of receive SNR w/ beamforming at SNR=0dB the receiver SNR is adopted the metric of link level calibration. Highlighted that this receive SNR here corresponds to the receive SNR over all subcarriers and OFDM symbols with linear average.  A lot of drops are done to cover different translation angle settings.
Observation 1:  The receive SNR, as a metric of link level calibration, is over all subcarriers of one OFDM symbol with linear average.
#2 Directions of beams in indoor hotpot
[bookmark: _GoBack]The MIMO calibration should follow this agreed option 1 of 12 sites with antenna placement in [86-27] for indoor hotpot [3], which has been referred to in MIMO calibration summary. The boresight of antenna placement of these panels is perpendicular to the ceiling, instead of in parallel with the ceiling. In this scenario, the traditional antenna array perpendicular to ground is rotated 90 degrees along clockwise direction and mounted on the ceiling in the calibration layout. That means that the “vertical side” (i.e., “M”) and (“horizontal side” (i.e., “N”) of the array is placed according to Figure 1.
The whole selective beams from one TRP-TXRU should cover the whole hemisphere, and then one beam with the suitable boresight will be selected accordingly. According to this antenna placement of indoor scenario, it is recommended that the directions of beams are within [0, 180] in azimuth and [0, 180] in zenith according to the aforementioned placement of antenna array, instead of [-180, 180] degrees in azimuth domain and [90, 180] degrees in zenith domain.
Observation 2:  Taking into antenna placement in indoor scenario, the directions of beams are within [0, 180] in azimuth and [0, 180] in zenith, instead of [-180, 180] degrees in azimuth domain and [90, 180] degrees in zenith domain.

 
[bookmark: _Ref463016546]Figure 1 Placement of antenna array in indoor hotspot
Phase 2 calibration assumptions

Link level calibration
#1 Channel model
In Phase 1, CDL-A and CDL-B channels both are calibrated. In order to accelerate the Phase 2 calibration, one CDL channel would be sufficient for calibration as a proposal.  CDL-A and CDL-B correspond to different scenarios. CDL-A has less dominant channel direction (e.g. Indoor) while CDL-B has more dominant channel directions (e.g. UMi). It is suggested to calibrate CDL-B, which has more support according to the [86-20] email discussion. The other parameter related to channel model remains the same as Phase 1 calibration.
[bookmark: OLE_LINK11]Proposal 1:  Calibrate CDL-B with delay spread =100ns and UE speed=3km/h for Phase 2 link-level calibration.  The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
#2 Beam sweeping and selection
Introducing beam sweeping into phase 2 calibration for LLS is necessary for aligning time-varying fast fading channel, e.g. with Doppler shift, and its impact on beam selection. To be more specific, instead of determining beam at the same time, the beam measurement should be modelled in more realistic manner e.g. several OFDM symbols. One assumption we can make is to have each analog beam (weights per panel) pair independently occupying one OFDM symbol.  Without loss of generality, the typical exhaustive sweeping for any TX and RX beam pairs can be used as shown in the following Figure 2. The beam pair by maximizing received signal power over all subcarriers is selected.


[bookmark: _Ref463016651]Figure 2 Diagram of beam sweeping
For instance, the numbers of TRP and UE beams with oversampling factor = 2 are X=(4*2)*(8*2)=128 and Y=(2*2)*(4*2)= 32 according to Table 1. The number of probing beam pair is X*Y = 4096 in the exhaustive sweeping;
Proposal 2: Beam sweeping is done in a way that each TX and RX beam pair is associated with one OFDM symbol. The best beam pair is selected by maximizing received signal power over all subcarriers with linear average for beam selection in Phase 2 link-level calibration.

#3 Other parameters

According to Phase 1 calibration assumption, the following Table 1 summarizes other parameters for this link level calibration for phase 2. It should be highlighted that the metric for Phase 2 calibration is BLER with beamforming gain as a function of SNR ranging from -20 dB to 0dB, where the fixed LTE MCS=1 is chosen.
[bookmark: _Ref463016683][bookmark: _Ref463016671]Table 1 Other parameters for Phase 2 link-level calibration
	Parameter
	Values

	BS antenna configurations
	30GHz:  (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ
4GHz:  (M,N,P,Mg,Ng) = (4,4,2,1,1). (dV,dH) = (0.5, 0.5)λ

	BS antenna pattern
	Refer to [4]

	UE antenna configurations
	30GHz:
(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.
Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90
Notes: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

The panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels.

4GHz:  (M,N,P,Mg,Ng) = (1,1,2,1,1)

	BS array orientation
	azimuth 0 degree; downtilt: 110 degree 

	TXRU mapping to antenna elements & TXRU mapping weights
	For 30GHz, 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.   

For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x N x 2.

	Carrier frequency, bandwidth & subcarrier spacing
	Carrier frequency = 4GHz, bandwidth = 20MHz, subcarrier spacing = 15kHz.
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Refer to [4]

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD


	MIMO mode
	SU-MIMO with rank=1


	UE receiver type 
	MMSE-IRC 

	MCS
	LTE MCS = 1

	Metric
	BLER with beamforming gain as a function of SNR ranging from -30 dB to 0dB.



Proposal 3: Adopt Table 1 for other parameters for Phase 2 link-level calibration.

System level calibration
#1 Scenarios (including carrier frequency)
The scenarios calibrated in Phase 1 are all essential for the subsequent performance evaluation but have different configurations in terms of layout, UE distribution and carrier frequency. Therefore these scenarios are all recommended for Phase 2 calibration.
Proposal 4:   Calibrate the following scenarios in the Phase 2:
Indoor hotspot (carrier frequency 30GHz), Urban macro (carrier frequency 30GHz), Dense Urban (macro layer carrier frequency 4GHz, micro layer carrier frequency 30GHz)
Independent calibration for macro layer and micro layer for dense urban scenario.
· Macro layer: macro-only 10 users per TRP, all UEs are connected to macro layer. Users randomly and uniformly dropped throughout the macro geographical area
· Micro layer: micro-only 3 micro BSs per macro BS and 10 users per TRP


#2 Constraints for the range of selective beams per TRP sector
The following proposal follows that in Phase 1 calibration while considering the further clarification in Section 2.
Proposal 5:  Calibrate the following beam constraints for TRP in the Phase 2:
Urban macro: three sectors; the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain, taking into account the UE’s distribution;
Indoor hotspot: Indoor hotspot follows Option 1 of 12 sites agreed in email discussion [86-27].  
The directions of beams, e.g., DFT codebook, are within [0, 180] degrees in azimuth domain and [0, 180] degrees in zenith domain, taking into account the UE distribution.

#3 Other parameters

According to Phase 1 calibration assumption, the following Table 2 summarizes other parameters for this link level calibration for phase 2. It should be highlighted that the CDF of spectral efficiency is as metric for this calibration, which has been agreed in [86-20].
[bookmark: _Ref463016761]Table 2 Other parameters for for Phase 2 system-level calibration
	Parameter 
	Values 

	BS Tx power 
	Refer to [4]

	Noise figure for BS 
	Below 6GHz: 5 dB; Above 6GHz: 7 dB

	Noise figure for UE 
	Below 6GHz: 9 dB; Above 6GHz: 10dB

	Transmission scheme
	DL

	BS antenna configurations 
	Refer to the baselines in [4] and Option 1 of Indoor Hotspot agreed in [86-27].

	BS antenna pattern 
	Refer to [4]

	UE antenna configurations 
	30GHz:  (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; 
Notes: the polarization angles are 0 and 90 
 The panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels.

4GHz:  (M,N,P,Mg,Ng) = (1,1,2,1,1)

	UE array orientation 
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree 

	UE antenna pattern 
	Refer to [4]

	TXRU mapping to antenna elements
	For 30GHz, 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.   

For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x N x 2.

	Carrier frequency, bandwidth & subcarrier spacing
	Carrier frequency = 4GHz, bandwidth = 20MHz, subcarrier spacing = 15kHz.
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz

	Criteria for analog beam selection
	Search the beam pair with the objective of maximizing RSRP (post beamforming)

	Scheduling algorithm
	PF scheduler as the scheduler algorithm with SU-MIMO wideband

	Traffic Model
	Full buffer

	Inter-panel calibration 
	Ideal 

	Control overhead 
	Zero 

	UE receiver type 
	MMSE-IRC 

	Number of UEs
	Refer to [4]

	UE distribution 
	Refer to [4] 

	BF scheme 
	Analog BF based on beam selection + Digital BF based on ideal SVD 

	MIMO mode 
	SU-MIMO with rank=1

	MCS
	Use LTE MCS 


NOTE: Any other parameters not specified follow [4].
Proposal 6: Adopt Table 2 for other parameters for Phase 2 system-level calibration.
Phase 3 evaluation assumption
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]With the aims to check UE movement/rotation/blockage defined in [2], Phase 3 calibration is to add some additional features in SLS calibration. These assumptions and metrics for Phase 2 calibration are adopted as a baseline for Phase 3 calibration. Meanwhile the calibration scenarios can be simplified accordingly, like just choosing one scenario such as urban macro (carrier frequency 30GHz), taking into account the same assumptions used for Phase 2 calibration. 
Proposal 7: The assumptions and metrics for Phase 2 calibration with additional features containing UE movement/rotation/blockage is adopted as a baseline for the Phase 3 calibration. 
Conclusion
This contribution makes some further clarifications on Phase 1 calibration, and discusses the link-level and system-level calibration for Phase 2 and Phase 3, according to which the following observations and proposals are drawn.
Observation 1:  The receive SNR, as a metric of link level calibration, is over all subcarriers of one OFDM symbol with linear average.
Observation 2:  Taking into antenna placment in indoor scenario, the directions of beams are within [0, 180] in azimuth and [0, 180] in zenith, instead of [-180, 180] degrees in azimuth domain and [90, 180] degrees in zenith domain.
Proposal 1:  Calibrate CDL-B with delay spread =100ns and UE speed=3km/h for Phase 2 link-level calibration.  The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
Proposal 2: To continuously sweep any TX and RX beam pair associated with one OFDM symbol, and subsequently select the beam pair by maximizing received signal power over all subcarriers with linear average for beam selection in Phase 2 link-level calibration.
Proposal 3: Adopt Table 1 for other parameters for Phase 2 link-level calibration.
Proposal 4:   Calibrate the following scenarios in the Phase 2:
Indoor hotspot (carrier frequency 30GHz), Urban macro (carrier frequency 30GHz), Dense Urban (macro layer carrier frequency 4GHz, micro layer carrier frequency 30GHz).  
Independent calibration for macro layer and micro layer for dense urban scenario.
Macro layer: macro-only 10 users per TRP, all UEs are connected to macro layer. Users randomly and uniformly dropped throughout the macro geographical area
Micro layer: micro-only 3 micro BSs per macro BS and 10 users per TRP
Proposal 5:  Calibrate the following beam constraints for TRP in the Phase 2:
Urban macro: three sectors; the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain, taking into account the UE’s distribution;
Indoor hotspot: Indoor hotspot follows Option 1 of 12 sites agreed in email discussion [86-27].  
The directions of beams, e.g., DFT codebook, are within [0, 180] degrees in azimuth domain and [0, 180] degrees in zenith domain, taking into account the UE distribution.
Proposal 6: Adopt Table 2 for other parameters for Phase 2 system-level calibration.
Proposal 7: These assumption and metrics for Phase 2 calibration with additional features containing UE movement/rotation/blockage is adopted as a baseline for the Phase 3 calibration. 
References
[1] [bookmark: _Ref462388067]R1-168487, WF on NR MIMO calibration, ZTE Corporation, ZTE Microelectronics, Intel Corporation, Samsung, ASTRI, Xinwei, MediaTek, Nokia, ASB, Ericsson, NTT DOCOMO, Qualcomm, CATT
[2] [bookmark: _Ref457921438][bookmark: _Ref462388074][bookmark: _Ref441666564][bookmark: _Ref448955925]R1-1608661, Summary of [86-20] email discussion on MIMO calibration for NR, ZTE
[3] [bookmark: _Ref463018195][bookmark: _Ref463072350] [86-27] email discussion on Indoor TRP Configuration, NTT DOCOMO
[4] [bookmark: _Ref463072164]R1-168547, Offline discussion further updated summary of evaluation assumptions for NR, NTT DOCOMO



1

image2.emf
S

w

e

e

p

i

n

g

 

b

l

o

c

k

 

0

……

f

e

e

d

b

a

c

k

S

w

e

e

p

i

n

g

 

b

l

o

c

k

 

1

S

w

e

e

p

i

n

g

 

b

l

o

c

k

 

2

S

w

e

e

p

i

n

g

 

b

l

o

c

k

 

X

 One OFDM symbol

Sweeping any TX and RX beam pair 

Time 


oleObject2.bin
�

Sweeping block 0�

Sweeping block 1�

Sweeping block 2�

… … 


Sweeping block X�

feedback�

 One OFDM symbol


Sweeping any TX and RX beam pair 


Time 



image1.emf
(0,0) (0,1) (0,N-1)

(M-1,N-1)

 

……  

(M-1,0)(M-1,1)

(1,0) (1,1) (1,N-1)

 

……  

 

……  

 

……  

Antenna array 

perpendicular to ground 

(

0

,

0

)

 

……  

(

0

,

N

-

1

)

(

M

-

1

,

0

)

(

M

-

1

,

N

-

1

)

 

……  

Rotating 90 degrees along 

clockwise direction

Antenna array parallel to 

ground 

N

M

Vertical 

side 

Horizontal  side 

Layout for indoor 

scenario

Mounted on the ceiling


oleObject1.bin
�

�

(0,0)


(0,1)


(0,N-1)


(M-1,N-1)


(M-1,0)


(M-1,1)


(1,0)


(1,1)


(1,N-1)


Antenna array perpendicular to ground 


(0,N-1)


(0,0)


Rotating 90 degrees along clockwise direction


Antenna array parallel to ground 


(M-1,0)


Vertical side 


N


M


Horizontal  side 


Layout for indoor scenario


(M-1,N-1)


Mounted on the ceiling 



