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1. Introduction
New Radio Access Technology (NR) is currently being standardized by 3GPP, which targets to operate in frequencies up to 100 GHz to serve a broad range of applications, e.g. enhanced mobile broadband (eMBB), massive/critical machine type communication (mMTC), and ultra-reliable and low latency communication (URLLC). For NR above 6GHz, both TRP and UE employ large antenna arrays in order to overcome the severe path loss [1] [2].  It can be expected that beamforming technology will impact various system aspects. Reasonable modelling of beamforming becomes essential to evaluate and understand the system behaviour for NR system above 6GHz. This contribution provides our initial thoughts and results on modelling of beamforming for NR above 6GHz.

2. Number of beams at TRP/UE
Various TXRU virtualizations have been discussed in LTE FD-MIMO [3].  And for NR high band, it is expected that hybrid antennas will be employed at both TRP and UE. Most of the beamforming gain is realized by analog beamforming. Compared with digital beamforming, the analog beamforming weight is implementation specific. However, for studying and evaluating the system, number of TRP and UE beams are still important parameters and it will be beneficial to have common understanding on the range of those numbers.
As it is well known that beamwidth becomes narrower with more antenna elements, number of narrow beams to cover the same sector area also needs to be increased. Using the agreed TRP antenna array with (M, N, P, Mg, Ng) being equal to (4, 8, 2, 2, 2) at 30GHz, we tested the coverage of different number of narrow beams. The narrow beams are generated using 2D DFT vectors and we pack different number of narrow beams to cover the same sector area.
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[bookmark: _Ref458107573]Figure 1: TRP coverage with different number of narrow beams
Figure 1 illustrates the beam pattern with 13, 23, 48, 64 and 90 narrow beams to cover a sector with 120 degree azimuth angle coverage and 60 degree zenith angle coverage. As more narrow beams are packed, the beam coverage becomes more and more contiguous. The last plot illustrates the beam forming gain from the best beam for any of the position of the sector coverage. Only array gain is considered in the plot. The results show that in order to achieve best possible beamforming gain in the target 3D coverage, roughly 50 narrow beams are needed. And this gives a rough oversampling factor of 3 in the azimuth dimension. Beamforming gain drops significantly if reducing number of packed beams. On the country, beam forming gain does not increase significantly if increasing number of packed beams.
Similarly we have tested different number of narrow beams at UE antenna with configuration (M, N, P, Mg, Ng) being equal to (2, 4, 2, 1, 2). And single UE array is covering 180 degree azimuth angle coverage and 180 degree zenith coverage.
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[bookmark: _Ref458109149]Figure 2: One UE panel coverage with different number of narrow beams
Figure 2 illustrates the beam pattern with 9, 18 and 27 narrow beams. We have a similar observation as TRP beams that beam oversampling is needed in order to fully reap the beamforming gain.
Observation 1: In order to fully reap the beamforming gain, oversampling is needed to pack the narrow beams. Roughly 50 TRP beams and 27 UE beams are needed with the agreed TRP/UE antennas at 30GHz.

3. Modeling of beam determination
Beam management becomes essential to operate the data communications at high band. In order to properly study the performance of NR system above 6GHz, beam management procedures need to be properly modelled. In [4] [5] [6], we have shared our views with regard to DL beam management procedures P-1, P-2 and P-3. In this section we would like to share our views with regard to how to model those procedures in system level simulations.


[bookmark: _Ref458111153]Figure 3: One way of modelling DL beam management procedure P-1
Figure 3 illustrates one way to model the beam management procedures P-1 in system level evaluations. We assume that a periodical beam reference signal (BRS) is available in the system. On top of that we define a TRP/UE beam scanning cycle as a number of BRS occurrences. And UE is able to sweep TRP/UE beam pairs within one TRP/UE beam scanning cycle and determine the best UE beam. In the next beam scan cycle, UE will use the acquired best UE beam to perform data communication in those subframes which do not contain BRS. Different beam sweeping algorithms may have different TRP/UE beam scanning cycle length and accuracy. And the beam scanning accuracy can be incorporated into the system throughput.
Additional aperiodic UE specific beam training reference signals can be dynamically transmitted in between periodical BTRS transmissions using beam management procedure P-2 and P-3. Those signals will also impact the TRP and UE beams. The impact of those signals can also be properly modelled and accounted for in the system throughput.
Proposal 1: In order to evaluate NR systems above 6GHz, beam management procedures need to be properly modelled. One example modelling of DL BM P-1 is given in Figure 3.

4. System level evaluation results
  In this section we provide our preliminary evaluation results for NR system above 6GHz using the UMi channel model in [9]. Detailed simulation parameters can be found in the appendix. Due to the coverage limitation, we start with checking the post beamforming geometry. We assume TRP and UE beams are configured to maximize the strongest channel cluster and kept unchanged during the simulation. And interference beams are randomly selected. Although the improvement of receiving signal quality is significant by UE side beamforming, we still observe roughly 10% UEs having post beamforming geometry below -10dB. We consider those UEs are in outage and will not be scheduled during the simulation.

[image: ]
Figure 4: Post beamforming geometry for UE with beamforming and omni reception.
We have tested different beamforming cases with full buffer traffic model. We firstly tested single user MIMO beamforming with only allowing one UE to be scheduled at a subframe. And single beam is created using single TRP antenna panel which may be pessimistic in terms of achievable beamforming gain. Then we tested SU-MIMO beamforming with maximum four UEs per subframe. With four TRP panels, this case is able to achieve better frequency domain scheduling gain compared with the simplest case. At last we tested dynamic SU/MU switching with maximum four UEs pairing. And there is no further adjustment of beams to mitigate the inter-user interference. The simulation results are presented in Figure 5.
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[bookmark: _Ref458761937]Figure 5: Throughput comparison among different cases.
  From the preliminary results, we have observed significant system throughput gain for UE side beamforming. The outage UE percentage is also significantly dropped as a result of UE side beamforming. SU-MIMO with more than one UE per scheduling does not seem to provide large gain compared with just single user. This seems to suggest that frequency domain packet scheduling does not seem to provide large gain over non-frequency selective post beamforming channel. MU-MIMO provides some gain for cell centre UEs by increasing the effective bandwidth.
 Observation 2: Significant system throughput gain is observed by UE side beamforming. More simulations cases are needed to verify the frequency domain packet scheduling gain.
Figure 6 illustrate the spectrum efficiency CDF with round robin scheduler which is suggested by MIMO calibration assumption in [8]. Compared to PF scheduler, RR scheduler has lower SE due to that no channel dependency is leveraged into the scheduler.
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[bookmark: _Ref463005299]Figure 6: Throughput CDF with round robin scheduler.
5. Conclusions 
In this contribution we have discussed some of the fundamental issues related to modelling of NR system above 6GHz. Compared with LTE systems, the key difference in modelling NR system above 6GHs is the accurate modelling of beam forming. As a conclusion, we have below proposal and observations:
Observation 1: In order to fully reap the beamforming gain, oversampling is needed to pack the narrow beams. Roughly 50 TRP beams and 27 UE beams are needed with the agreed TRP/UE antennas at 30GHz.
Observation 2: Significant system throughput gain is observed by UE side beamforming. More simulations cases are needed to verify the frequency domain packet scheduling gain.
Proposal 1: In order to evaluate NR systems above 6GHz, beam management procedures need to be properly modelled. One example modelling of DL BM P-1 is given in Figure 3.
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Appendix
Table 1, Simulation parameters
	Parameters
	Values

	Layout
	19 sites, 3 sectors/site, ISD = 200

	Carrier frequency
	30GHz

	System bandwidth
	80MHz

	Channel model
	3D,UMi, TR38.900 with spatial consistency

	TRP Tx power
	44dBm

	Scheduler
	Round robin or proportional fair

	Antenna configuration
	(4, 8, 2, 2, 2, 0.5λH/V) with XPOL for TRP
(2, 4, 2, 1, 2, 0.5λH/V) with +POL for UE

	TRP antenna port mapping
	All 32 elements for each polarization on each panel maps to one port.
48 beams at TRP

	UE antenna port mapping
	All 8 elements for each polarization on each panel maps to one port.
27 beams at UE





1/6
image1.emf
-60 -40 -20 0 20 40 60

40

50

60

70

80

90

100

110

120

130

140


image2.emf
-80 -60 -40 -20 0 20 40 60 80

40

50

60

70

80

90

100

110

120

130

140


image3.emf
-80 -60 -40 -20 0 20 40 60 80

40

50

60

70

80

90

100

110

120

130

140


image4.emf
-80 -60 -40 -20 0 20 40 60 80

40

50

60

70

80

90

100

110

120

130

140


image5.emf
-80 -60 -40 -20 0 20 40 60 80

40

50

60

70

80

90

100

110

120

130

140


image6.emf
-4 -2 0 2 4 6 8 10 12 14 16

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Beamforming Gain (dB)

C.D.F

 

 

13 beams

23 beams

48 beams

64 beams

90 beams


image7.emf
-100 -80 -60 -40 -20 0 20 40 60 80 100

20

40

60

80

100

120

140

160


image8.emf
-100 -80 -60 -40 -20 0 20 40 60 80 100

20

40

60

80

100

120

140

160


image9.emf
-80 -60 -40 -20 0 20 40 60 80

20

40

60

80

100

120

140

160


image10.emf
-2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

beam forming gain [dB]

C.D.F.

 

 

27 beams

18 beams

9 beams


image11.emf
Time

B

R

S

B

R

S

B

R

S

...

TRP/UE beam scan cycle n

B

R

S

B

R

S

B

R

S

...

TRP/UE beam scan cycle n+1

UE beam for data 

reception in cycle n+1

UE beam for data 

reception in cycle n+2


Microsoft_Visio_Drawing1.vsdx
Time
BRS
BRS
BRS
...

TRP/UE beam scan cycle n
BRS
BRS
BRS
...

TRP/UE beam scan cycle n+1
UE beam for data reception in cycle n+1
UE beam for data reception in cycle n+2



image12.emf
-40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

GeometrydB

cdf

 

 

UE BF

UE omni


image13.emf
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10

5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SE (kbps)

cdf

 

 

SU-MIMO1, Omni UE

SU-MIMO1, UE BF

SU-MIMO4, UE BF

MU-MIMO4, UE BF


image14.emf
0 2 4 6 8 10 12 14 16

x 10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SE (kbps)

cdf

Round Robin Scheduler

 

 

SU-MIMO 1, UE BF


