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1 Introduction

In 3GPP RAN1 #84b meeting, a new antenna structure, i.e., panel array, was introduced to describe the antenna deployment solutions for both TRP and UE for above 6GHz. In 3GPP RAN1 #86 meeting, most of the remaining issues on antenna configurations for NR were addressed [1], including antenna element number, spacing distance, TXRU mapping and element pattern, etc. However, one issue on the calibration assumption of phase between panels is still under discussion, as illustrated in Table A.2.1-5 as following:

· NR evaluations may consider both cases of phase-calibration and no phase-calibration between panels.

It is expected that if panels are not calibrated for either TRP or UE side, the beamforming performance would degrade due to less directivity. However, no specific model is proposed to fill this gap. Therefore, in this paper we try to propose such phase modeling for both TRP and UE sides to take the no phase-calibration use case into account.
2 Revisit of panel array structure for high frequency 
For high frequency scenarios, a new antenna structure, i.e., panel array, was proposed and agreed for both TRP and UE sides. In the following sub-sections, we’ll quick go through them and highlight the major differences. 

2.1 TRP side
The antenna array model for NR evaluations is a generalized version from [2] with the purpose to allow for more freedom in the placement of antennas as follows [3]: 

· “Antenna panel array” is defined for one TRP. One TRP is one antenna panel array. One antenna panel array consists of one or multiple antenna panels (or “panel”). 
· One antenna panel is defined to be the 1D/2D antenna array as in [2]. One panel may contain (M, N, P) antenna elements as defined in [2], where M is the number of rows, N is the number of columns, and P is the number of polarization in one panel.
· In one panel, there might be one or multiple sub-arrays. 
· Sub-array consists of one or multiple antenna elements.
Several panel models are defined (see following sections). One example panel model is given below to illustrate the concept and relations of “antenna panel array”, “panel”, “sub-array” and “antenna elements”. 
· Panel array model 1: Uniform 1D/2D rectangular panel array is illustrated as in Figure 1:

· The antenna panel array has (Mg,Ng) antenna panels and uniform (dg,H, dg,V) panel spacing, where Mg and Ng are the number of panels in vertical and horizontal domain respectively, dg,H and dg,V are the panel spacing at horizontal and vertical domain respectively (from panel center to panel center).
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Figure 1 Illustration of “antenna panel array”, “panel”, “sub-array” and “antenna element”
2.2 UE side
According to [1], the following panel array model for UE is considered.
For UE with (Mg, Ng) directional antenna panels.

· 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 [4].

· For NR MIMO evaluation: 
· Config 1: (Mg, Ng)= (1, 2); Θmg,ng =90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)
· Config 2: (Mg, Ng) = (1, 4); Θmg,ng =90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)
· Other configurations can have panel specific position offset (dgH, mg, ng, dgV, mg, ng). Note in this case the notation of (Mg, Ng) does not leads to rectangular shape.

· UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); UE orientation for customer premise equipment (CPE) can be optimized 

· Each antenna array has shape dH=dV=0.5λ

· Config 1 can be used with config a/b; Config 2 can be used with config c/d/e

· Config a: (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90

· Config b: (M, N, P) = (4, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90

· Config c: (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90

· Config d: (M, N, P) = (2, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90

· Config e: (M, N, P) = (1, 4, 2), the polarization angles are 0 and 90

· FFS: Other configurations, e.g. (M, N, P) = (4, 4, 2) or (M, N, P) = (4, 8, 1) can be considered for 70GHz band, without exceeding the limit on the maximum number of UE antenna elements.

3 Phase modeling and its impact on the channel coefficients
3.1 Phase modeling
Antenna and RF calibration is quite important especially for MIMO technologies for either TDD or FDD systems. In TDD system, calibration to enable implicit beamforming on TRP through channel reciprocity is expected to be an efficient solution to reduce the CSI overhead. For FDD system, if several panels are deployed at TRP or UE side, inter-panel calibration is needed to enable multi-panel beamforming. If calibration is not implemented, the channel between downlink and uplink, or that between panels are not reciprocal due to the random phase and amplitude differences in the RF hardware. This is caused by a combination of dynamic effects from internal clocking structures, such as dividers, multipliers, and PLLs, etc [5].  In [6], the antenna coupling loss model was proposed, and it was mentioned that one of the center antenna elements of the array could be defined as the reference, and then both transmitter and receiver antenna would have uniformly distributed phase between [-,]. 
Similarly, we assume that the 0-th transmit panel and 0-th receive panel as the reference ones, which means that if any other panels need to be calibrated, they should take either the 0-th transmit or receive panel as baseline. a(u) is receive panel index corresponding to the u-th receive element, and b(s) is transmit panel index corresponding to the s-th transmit element. 
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 is the phase shift of the b-th transmit panel relative to the 0th transmit panel. 
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 are the panel attributes, so they are independent of the path and polarization.
If receive panels are not calibrated in phase, 
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 would be a random variable with uniform distribution among -~ rads, otherwise it would be 0. Similarly, if transmit panels are not calibrated in phase, 
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 would be a random variable with uniform distribution among -~ rads, otherwise it would be 0. Therefore the inter-panel phase offset can be expressed as

[image: image8.wmf]ï

î

ï

í

ì

î

í

ì

¹

-

=

=

DF

0

a(u)

and

,

calibrated

Not

)

,

(

0

a(u)

and

,

calibrated

Not

0

Calibrated

0

)

(

p

p

Uniform

u

a



[image: image9.wmf]ï

î

ï

í

ì

î

í

ì

¹

-

=

=

DF

0

b(s)

and

,

calibrated

Not

)

,

(

0

b(s)

and

,

calibrated

Not

0

Calibrated

0

)

(

p

p

Uniform

s

b

.
Proposal1: phase offset of non-calibrated panel (either TRP or UE side) is modeled as a uniform distributed random variable between (-, ).
3.2 The impact of phase offset on channel coefficients 

If panels at BS or UT are not calibrated, introduce phase shift of each panel relative to the reference one at BS or UT, respectively. Due to the propagation features of wireless channel, two cases should be taken into account, i.e., NLoS and LoS. The details are illustrated as below.
In the NLOS case, the initial phase of each ray m of each cluster n related to the a-th receive panel and the b-th transmit panel is given by
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where 
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 is the initial phase of the (m,n)-th path on x-y polarization for reference panel pair, e.g., 0-th receive panel and 0-th transmit panel. According to the discussion in previous sub-section, we can get 
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 is uniform within (-) respectively if the panels are not calibrated and a(u)≠0 or b(s)≠0, otherwise 
[image: image14.wmf])

(

u

a

DF

 or 
[image: image15.wmf])

(

s

b

DF

 is 0. Use 
[image: image16.wmf]xy

m

n

s

b

u

a

,

),

(

),

(

F

to replace 
[image: image17.wmf]xy

m

n

,

F

 in (7.21) in [7].

In the LOS case, the initial phase of each ray m of each cluster n related to the a-th receive panel and the b-th transmit panel is given by
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where 
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 is the initial phase for reference panel pair, e.g., 0-th receive panel and 0-th transmit panel. Similarly, 
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 is uniform within (-) respectively if the panels are not calibrated and a(u)≠0 or b(s)≠0, otherwise 
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Proposal2: adopt the accumulated phase offset of non-calibrated panel pair in channel coefficients equation (7.21) and (7.26) in TR 38.900.
4 Conclusions
In this paper, we discussed the modelling of phase offset for non-calibrated panels in panel array for high frequency scenarios. Based on the analysis the following proposals were drawn.
Proposal1: phase offset of non-calibrated panel (either TRP or UE side) is modeled as a uniform distributed random variable between (-, ).

Proposal2: adopt the accumulated phase offset of non-calibrated panel pair in channel coefficients equation (7.21) and (7.26) in TR 38.900.
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