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1 Introduction
In RAN4 #78bis, the discussion on NR co-existence study was kicked off. The WF on WP 5D co-existence simulation assumptions [1] was approved in RAN4#79. In the WF, some parameters and the evaluation methodologies were agreed. However, there are some remaining parameters and issues to be agreed including antenna configurations/modelling, noise figure and transmit power. 
In this contribution, we provide the simulation assumptions to be adopted for WP 5D co-existence simulation study. The assumptions, other than from RAN4 agreements, are from the discussions/agreements of RAN1. We also provide preliminary simulation results of NR downlink co-existence study.
2 Discussions
In NR co-existence study, RAN4 agreed to start with eMBB as 1st step. At least, Indoor hotspot, Urban macro and Dense urban specified in [2] are the deployment scenarios to be studied. In this section, we provide simulation assumptions for Indoor hotspot, Urban macro and Dense urban scenarios for eMBB co-existence study.
2.1 Propagation model
For above 6GHz, the propagation model can be referred to TR 38.900 Section 7.4[3]. 
2.2 Simulation assumptions

Table 2.2-1, Table 2.2-2 and Table 2.2-3 are the summaries of the general simulation assumptions according to the discussions and agreements of RAN 4[1] and RAN 1[4]. If conditions are not discussed explicitly for NR in RAN4 or RAN1, we propose to use conditions in [6].

Please note that in the RAN4’s agreements the channel bandwidth is 200MHz, however according to the current RAN1’s agreements the channel bandwidth is 80MHz for above 6GHz. So the BS transmitted power should be scaled.
Indoor hotspot
Table 2.2-1 Evaluation assumptions for Indoor hotspot
	Simulation Parameters
	Values

	RAN 4 agreements/assumptions

	Victim system 
	NR

	Carrier frequency
	30GHz and 70GHz

	Channel bandwidth
	200MHz*1

	Channel arrangement
	Symmetrical

	UL power control
	Same as TR 36.942, adopting PC set parameters to the scenario

	DL power control
	No power control

	The number of antenna elements
	For 30GHz: UE: 16, eNB: 256

For 70GHz: UE: 32, eNB: 256

	Co-existence scenario in terms of interference 
	UL to UL and DL to DL

	Traffic
	Full buffer

	Performance evaluation
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered. Throughput is derived from the truncated Shannon bound approach of 3GPP TR36.942.

	RAN 1 agreements/assumptions

	Cellular layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) as in Figure 2.2-1

	UE distribution
	Average 10 UEs per cell. 100% Indoor, 3km/h,

	Inter Site Distance (ISD)
	20m

	UE max Tx power
	30GHz: 23dBm 70GHz: 22dBm

	BS Tx power
	23 dBm [scaled with simulation BW when system BW is higher than 80MHz. Otherwise, 23dBm] 

	UE receiver noise figure
	13dB (baseline performance), 10dB (high performance)

	BS receiver noise figure
	7 dB

	The height of BS
	3 m

	The height of UE
	Follow TR36.873

	TR 36.942 conditions

	Number of active UEs
	DL: 1 UE per cell

	ACS of UE
	33 dB


*1: 80MHz is the RAN1 agreement for channel bandwidth
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Figure 2.2-1 Layout of Indoor hotspot

Urban Macro
Table 2.2-2 Evaluation assumptions for Urban macro
	Simulation Parameters
	Values

	RAN 4 agreements/assumptions

	Victim system 
	NR

	Channel bandwidth
	200MHz*1

	Channel arrangement
	Symmetrical

	UL power control
	Same as TR 36.942, adopting PC set parameters to the scenario

	DL power control
	No power control

	The number of antenna elements
	For 30GHz: UE: 16, eNB: 256

For 70GHz: UE: 32, eNB: 256

	Co-existence scenario in terms of interference 
	UL to UL and DL to DL

	Scheduling algorithm
	Full buffer

	Performance evaluation
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered. Throughput is derived from the truncated Shannon bound approach of 3GPP TR36.942.

	RAN 1 agreements/assumptions

	Cellular layout
	Hexagonal, 3 sectors/site (19 sites wrap-around), uncoordinated

	Carrier frequency
	30GHz*2

	UE distribution
	Average 10 UEs per cell. 20% Outdoor in cars: 30km/h,80% Indoor in houses: 3km/h

	Inter Site Distance (ISD)
	500m

	UE max Tx power
	23dBm 

	BS Tx power
	43 dBm [scaled with simulation BW when system BW is higher than 80MHz. Otherwise, 43dBm] 

	UE receiver noise figure
	13dB (baseline performance), 10dB (high performance)

	BS receiver noise figure
	7 dB

	The height of BS
	25 m

	The height of UE
	Follow TR36.873

	TR 36.942 conditions

	Number of active UEs
	DL: 1 UE per cell

	ACS of UE
	33 dB


*1: 80MHz is the RAN1 agreement for channel bandwidth
*2: 30GHz and 70GHz is the RAN4 agreement for carrier frequency
Dense Urban
Table 2.2-3 Evaluation assumptions for Dense urban 
	Simulation Parameters
	Values

	RAN 4 agreements/assumptions

	Victim system 
	NR

	Carrier frequency
	30GHz; optional: 70GHz*1

	Channel bandwidth
	200MHz*2

	Channel arrangement
	Symmetrical

	UL power control
	Same as TR 36.942, adopting PC set parameters to the scenario

	DL power control
	No power control

	The number of antenna elements
	For 30GHz: UE: 16, eNB: 256

For 70GHz: UE: 32, eNB: 256

	Co-existence scenario in terms of interference 
	UL to UL and DL to DL

	Scheduling algorithm
	Full buffer

	Performance evaluation
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered. Throughput is derived from the truncated Shannon bound approach of 3GPP TR36.942.

	RAN 1 agreements/assumptions

	Cellular layout
	Macro layer: Hex. Grid

Micro layer: Random drop (All micro BSs are all outdoor)

- 3 micro BSs per macro BS
- 6, or 9 micro BSs per macro BS (optional)
As in Figure 2.2-2

	UE distribution
	Uniform/macro TRP + Clustered/micro TRP; 20% Outdoor in cars: 30km/h,80% Indoor in houses: 3km/h; 10 users per TRP

	Inter Site Distance (ISD)
	Macro layer: 200m

	UE max Tx power
	30GHz: 23dBm 70GHz: 22dBm

	BS Tx power
	Macro layer:

  Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than 20MHz. Otherwise, 44 dBm
Micro layer:
33 dBm [scaled with simulation BW when system BW is higher than 80MHz、. Otherwise, 33dBm] 

	UE receiver noise figure
	13dB (baseline performance), 10dB (high performance)

	BS receiver noise figure
	Below 6GHz: 5 dB

Above 6GHz: 7 dB

	The height of BS
	25m for macro cells and 10m for micro cells

	The height of UE
	Follow TR36.873

	TR 36.942 conditions

	Number of active UEs
	DL: 1 UE per cell

	ACS of UE
	33 dB


*1: 30GHz and 70GHz is the RAN4 agreement for carrier frequency

   30GHz (optional 70GHz) for Micro, 4GHz for Macro is the RAN1 agreement for carrier frequency
*2: 20MHz for Macro layer, 80MHz for Micro layer are the RAN1 agreements for channel bandwidth
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Figure 2.2-2 Layout of Dense urban
Table 2.2-4 Minimum distance between TRPs and UE cluster radius
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRPs (m)
	Radius of UE dropping within a cluster: R (m)

	3
	57.9
	<28.9

	6
	42.4
	<21.2

	9
	32
	<16


2.3 Antenna configurations and Antenna array model
There are no agreements on antenna models in RAN4. Therefore, antenna models according to the current agreements of RAN1 shall be used to evaluate the performance of NR system. 
2.3.1 eNB antenna model
We have summarised the eNB antenna configurations for each deployment scenarios based on RAN1 agreements in Table 2.3.1-1. For Indoor hotspot, the antenna configurations are still under discussion in RAN1. Table 2.3.1-2 is the antenna radiation pattern for 3-sector BS which can be used in the Urban macro scenario. Table 2.3.1-3 lists two options of antenna model for outdoor micro cell which shall be used in Dense urban scenario. RAN1 will choose one from these two options in RAN1#86.
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Figure 2.3.1-1 2D planar antenna structure
Table 2.3.1-1 Antenna configurations 
	
	Indoor hotspot
	Urban Macro
	Dense Urban

	BS (M,N,P,Mg,Ng)
	FFS
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
	30GHz:
(M,N,P,Mg,Ng) = (4,8,2,2,2)
70GHz:

(M,N,P,Mg,Ng) = (8,16,2,2,2)

	BS (dH,dV,dH,g,dV,g)
	FFS
	(dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ.
	30GHz:
(dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ.
70GHz:

(dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (8.0, 4.0) λ


The TXRU mapping follows the models in TR 36.897, and the number of TXRUs is still FFS for Indoor hotspot scenario in RAN1.
Table 2.3.1-2 3-Sector BS antenna radiation pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


Table 2.3.1-3 Outdoor micro cell TRP antenna element model and placement
	Option1
	Option2

	Omni in horizontal, directional in vertical ([5]dBi gain, HPBW [40°], vertical tilt 90°)
- Dropping in the center of the hotspot area 
	Directional in horizontal, directional in vertical ({8dBi gain, HPBW = 65°}; {4dBi gain, HPBW = 130°})
- One-sector deployment
  - Dropping of TRP and TRP antenna orientation according to TR 36.897 (non co-channel hetnet deployment)
- Three-sector deployment
  - Dropping of TRP in the center of the hotspot area
  - Option A: Azimuth orientation of TRP antenna is random
  - Option B: Azimuth orientation of TRP is according to macro TRP deployment


2.3.2 UE antenna model
According to the current agreement of RAN1, the UE antenna element gain pattern in Table 2.3.2-1 shall be used in the NR evaluation when the carrier frequency is above 6GHz.
Table 2.3.2-1 UE antenna radiation pattern model 
	Parameter
	Values

	Antenna element radiation pattern in [image: image8.png]8"
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	Antenna element radiation pattern in [image: image11.png]
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi


Followings are the latest agreements on the UE antenna modelling from RAN1#85bis.There are two configurations for directional antennal panels. Config 1 has two directional antenna arrays pointing to opposite directions. Config 2 has four directional antenna arrays pointing to four directions with 90 degrees offset.

[image: image14]
3 Preliminary simulation results
In this part we provide the preliminary simulation results of the downlink ACLR of Urban Macro scenario. 
In the simulation, UE specified beamforming with 1 stream is performed to improve the strength of signal. The simulation assumptions in Table 2.2-2 are adopted. 
· For UE noise figure, 13dB which is for baseline performance UE is adopted.
· For UE antenna model, the directional antenna panel of Config 1 in Section 2.3.2 is used which is (M,N,P, Mg, Ng)=(2,4,2,1,2). 
· The ACLR is modelled with different correlation level which is same as in AAS co-existence study [5].
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Figure 3-1 Cell average and 5% CDF throughput loss for DL urban macro scenario
4 Conclusion
In this contribution, simulation assumptions and models for NR coexistence study are proposed. Preliminary simulation results of downlink ACLR are also provided.
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Agreements on UE antenna modelling:


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 [TR 36.873].


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 � QUOTE � QUOTE � ��� �) = (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� QUOTE � QUOTE � ��� �) 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


The antenna elements of the same polarization of the same panel is virtualized into one TXRU


FFS: one TXRU can connect to different subarrays dynamically


Note: The channel coefficients for each UE panel can be generated using spatial channel model


Companies should describe the method used for TRP association with UE-side beamforming
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