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Introduction 
[bookmark: _GoBack]The work plan for spherical coverage has been agreed in RAN4#85 as follows [1]:
· Initiate offline and email discussion (after RAN4#85) on the use cases and model assumptions for NW performance analysis
· RAN4 NR AH #4 (January ’18)
· Initial discussion of simulation results (Both EIRP CDF and Network) based on the harmonized assumptions in this way forward.
· Propose harmonized NW model assumptions and update based on preliminary analysis. 
· RAN4 #86 (February ’18)
· Deadline to submit the EIRP CDF simulation results based on the harmonized assumptions. Target preliminary EIRP CDF spherical requirement, based on the simulation outcomes.  
· Continue to improve the NW simulation accuracy reflecting initial EIRP CDF requirement (from AH #4)
· Initial discussion of measurement results for prototype devices
· RAN4 #86bis (April ’18)
· Continue to improve the NW simulation accuracy reflecting preliminary EIRP CDF requirement (#86)
· Continue to improve the prototype measurement effort and compare to preliminary EIRP CDF simulation
· RAN4 #87 (May ’18)
· Finalize the spherical coverage requirement for handheld UEs based on the contributions 

In this contribution, we present our views on deployment scenarios and propose network modelling changes. Our initial network performance results for urban macro and indoor hotspots, for UE Assumption 1 and 3 are also presented.
Assumptions for network performance analysis
Deployment scenarios
In this section, we present out views on the deployment scenarios to be assumed for deriving UE spherical coverage requirement for FR2. Care should be taken such that the deployment scenarios assumed does not impose unrealistic condition on the UE spherical coverage requirement. On the other hand, the UE spherical coverage should aim to meet the coverage requirement of important deployment scenarios.
Among the deployment scenarios discussed in the email discussion [2], the indoor hotspots scenario as described in the TR 38.803 seems to be widely agreed to be included.
For dense urban scenarios, there can be two options:
· Option 1: Use the scenario as described in TR 38.803
· Option 2: Modify urban macro scenario to resemble a “dense urban” scenario (e.g. ISD, BS/UE height, channel model, indoor/outdoor ratio, etc)
In our view, both options are viable options. However, Option 2 gives a better direct comparison to the urban macro scenario and hence can lend itself to easier analysis. Hence we have a preference to adopt Option 2 to model the dense urban scenario.  
Proposal 1:  Simulate dense urban scenario by modifying urban macro scenario to resemble a “dense urban” scenario (e.g. ISD, BS/UE height, channel model, indoor/outdoor ratio, etc)
For urban macro scenario, two options were also brought up in the email discussion [2].
· Option 1: As described in TR 38.803 (ISD=200m)
· Option 2: Not simulated
In our view, urban macro is an important deployment scenario to consider in practice. Therefore, we recommend its inclusion, but are open to further modifications of simulation parameters such as indoor/outdoor UE ratios.
Proposal 2: Simulate urban macro scenario with possible modifications of some simulation parameters such as indoor/outdoor UE ratios. 

Network modelling changes 
In this section, we provide out views on the network simulation assumptions that should be modified for analysing UE spherical coverage requirement.
UE elevation distribution
There seems to be a consensus from the email discussion [2] that the UE elevation distribution should be changed from the current assumption of fixed 90 degrees. We propose the change to be uniform from 0 to 180 degrees because it is a more realistic assumption.
Proposal 3: UE elevation distribution is modified to be uniform from 0 to 180 degrees.
UE resource allocation
The UE resource allocation assumption can have significant impact on the UL coverage, since smaller UE resource allocation increases the experienced UL SNR. The current assumption is 200MHz which may be too much for particularly for cell edge UEs. Hence, we propose to consider reduced resource allocation bandwidth to e.g. 20MHz. 
Proposal 4: For UE resource allocation, consider reduced bandwidth, e.g. 20MHz.
Indoor/outdoor UE ratios
For indoor/outdoor UE ratio has a significant impact on the network performance. Due to the O2I loss, the radio link between the outdoor base station and the indoor UE can be poor even if the indoor UE has a good spherical coverage. We propose to consider additional ratios for urban macro and dense urban scenarios e.g. 0% indoor for urban macro, and 0% or 20% indoor for dense urban. 
Proposal 5: For indoor/outdoor UE ratios, additional ratios for urban macro and dense urban should be considered, e.g. 0% indoor for urban macro, and 0% or 20% indoor for dense urban.
Body blockage and handgrip modelling 
Body blockage and handgrip modelling can be beneficial for evaluating the performance of multiple antenna modules. However, it may be sufficient to specify the UE spherical requirement for a single module without such assumption. The need for body blockage and handgrip should be further studied.   
Proposal 6: No body blockage and handgrip modelling as baseline. The need for body blockage and handgrip modelling is FFS.
UE antenna pattern modelling 
For network simulation, UE antenna pattern modeling is needed to model the inter-cell interference which depends on the beam used for the links with the associated base station. Two options have been raised:   
· Option 1: Use 38.803 UE 2x2 antenna configuration with implementation loss
· Option 2: Up to each company. Companies do not need to disclose the UE antenna pattern assumed in simulation but need to provide the resulting EIRP CDF
We propose to consider Option 2 since Option 1 may not be fully accurate and it may take time to agree to a model.
Proposal 7: The UE antenna pattern model that parameterizes (percentile, EIRP) the spherical coverage requirements should be up to each company. Companies do not need to disclose the UE antenna pattern assumed in simulation but need to provide the resulting EIRP CDF.

Network simulation results
Our initial network simulation results are presented in this section. The results in DL and UL SINR CDFs for the urban macro and indoor hotspots scenarios are available. The network modelling assumptions are according to the TR38.803 except for the UE elevation distribution, which is assumed to uniform 0 to 180 degrees.
For the UE modelling assumptions for calculating EIRP, Assumption 1 and 3 from Table 1 are assumed. For Assumption 3, it is assumed that antenna module switching is applied. The nominal peak EIRP assumed is 25.25dBm [3]. The EIRP CDF is as shown in Figure 1. Unless otherwise stated, the network performance results presented in this document are for Assumption 1.
[bookmark: _Ref503677818]Table 1: UE assumptions for deriving EIRP CDF 
[image: ]

[image: ]
[bookmark: _Ref503677873]Figure 1: EIRP CDF assumed in network simulation (Assumption 1)

Urban macro 
The DL and UL SINR CDFs for urban macro with ISD=200m and UE Assumption 1 are presented in Figure 2. The network modelling assumptions are according to the TR38.803 except for the UE elevation distribution, which is assumed to uniform 0 to 180 degrees. 

[bookmark: _Ref503678288]Figure 2: DL and UL SINR CDF for urban macro scenario (ISD=200m), Assumption 1

Number of antenna modules (Assumption 1 vs Assumption 3)
The DL and UL SINR CDFs for urban macro, comparing UE Assumption 1 and Assumption 3 are presented in Figure 3. It can be observed that the two assumptions do not result in significantly different network performance. This is due to the strong channel correlation between the two antenna modules.

[bookmark: _Ref503678439]Figure 3: DL and UL SINR for Assumption 1 vs Assumption 3 (urban macro ISD 200m)

Indoor/outdoor ratio
The DL and UL SINR CDFs for urban macro and UE Assumption 1, comparing 20:80 indoor-outdoor ratio and 0:100 indoor-outdoor ratio are presented in Figure 4. It can be seen that network coverage improves significantly in the case all UEs are outdoor, from about ~10% outage to < 1% outage (outage occurs when SINR < -10dB). 

[bookmark: _Ref503678762]Figure 4: DL and UL SINR for 20:80 and 0:100 indoor-outdoor ratios (urban macro ISD 200m)

UE resource allocation 
The DL and UL SINR CDFs for urban macro and UE Assumption 1, comparing 20MHz, 100MHz, and 200MHz UE resource allocation are presented in Figure 5. 20MHz UE resource allocation reduces outage from ~10% to ~6%.

[bookmark: _Ref503679044]Figure 5: DL and UL SINR CDF for UE resource allocation bandwidth of 20MHz, 100MHz and 200MHz

Indoor hotspots 
The DL and UL SINR CDFs for indoor hotspots and UE Assumption 1 are presented in Figure 6. 

[bookmark: _Ref503679332]Figure 6: DL and UL SINR CDF for indoor hotspots

Conclusions
In this contribution, we present our views on deployment scenarios and propose network modelling changes:  
Proposal 1:  Simulate dense urban scenario by modifying urban macro scenario to resemble a “dense urban” scenario (e.g. ISD, BS/UE height, channel model, indoor/outdoor ratio, etc)
Proposal 2: Simulate urban macro scenario with possible modifications of some simulation parameters such as indoor/outdoor UE ratios. 
Proposal 3: UE elevation distribution is modified to be uniform from 0 to 180 degrees.
Proposal 4: For UE resource allocation, consider reduced bandwidth, e.g. 20MHz.
Proposal 5: For indoor/outdoor UE ratios, additional ratios for urban macro and dense urban should be considered, e.g. 0% indoor for urban macro, and 0% or 20% indoor for dense urban.
Proposal 6: No body blockage and handgrip modelling as baseline. The need for body blockage and handgrip modelling is FFS.
Proposal 7: The UE antenna pattern model that parameterizes (percentile, EIRP) the spherical coverage requirements should be up to each company. Companies do not need to disclose the UE antenna pattern assumed in simulation but need to provide the resulting EIRP CDF.
Our initial network performance results for urban macro and indoor hotspots, for UE Assumption 1 and 3 are also presented.
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Appendix
NW simulation modelling from the agreed WF [1]:
· Two approaches ([R4-1712382], [R4-1713849]) are discussed in RAN4#85.  
· Assumptions for NW performance analysis to be discussed by email after RAN4#85 for the inputs below:
· Operators to provide guidance on deployment scenarios and use cases
· In absence of guidance TR 38.803 scenarios to be considered
· The minimum UE peak EIRP adopted in the simulation shall be modified in accordance with outcome of RAN4#85
· The following modeling confirmation or enhancements to 38.803 assumptions are needed to assess impact of spherical coverage on network. The list of parameters which can be modified include (but not limited to)
· ISD
· UE indoor/outdoor ratio (All UEs indoor for Indoor Office, All UEs outdoor for dense urban and Macro) 
· Coverage definition and coverage requirement (currently outage is defined as min SINR less than -10dB)
· UE elevation (It is currently fixed at 90 degree)
· Reference antenna pattern CDFs that parameterizes (percentile, EIRP) the spherical coverage requirements (FFS)
· Partial resource allocation (Not allocating all PRBs to UE) (FFS)
· Body Blockage, Handgrip, cover materials (FFS)
· All modifications compared to the baseline in TR 38.803 need to be documented
· Performance metrics 
· Guidance from operators is requested for given deployment scenarios and use cases
· DL and UL throughput, outage


Page 1
image3.jpeg
percentile

DL
uL

0.9

0.8

0.7

0.6

0.5

04

03

0.2

0.1

0
60 -50 40 -30

-20

-10

0 10 20
SINR (dB)

30 40

50

60

70

80




image4.jpeg
percentile

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

DL (1 Module)
DL (2 Modules)
UL (1 Module)

UL (2 Modules)

SINR (dB)

80




image5.jpeg
Percentile

T >
DL (20% Indoor + 80% Outdoor)| |
0.9 DL (100% Outdoor) |
— - UL (20% Indoor + 80% Outdoor)

08 — - UL (100% Outdoor)
07
06
05
04
03
02
0.1 -

o st

60 50 40 -30 20 -10 0 10 20 30 40 50 60 70

SINR (dB)

80




image6.jpeg
percentile

0.9 UE RA = 100MHz

0.8

0.7

0.6

0.5

04

03

0.2

UE RA = 20MHz

UE RA = 200MHz

-50 -40 -30

-20 -10 0 10
SINR (dB)

20




image7.jpeg
DL
uL

0.9

0.8

0.7

0
S

auassed

©
S

<
S

)
S

0.2

0.1

60

50

40

30

20

10

-10

SINR (dB)




image1.png
Assumptionsl Assumptions2 Assumptions3 Assumptions4 Assumptions5 Assumptions6 Notes
Frequency range n257 n257 n257 n257 n257 n257
# of antenna in an antenna module/set Depends on the current
(# of patches, # of dipoles, etc.) B B B B B B implementation
# of antenna module/set in total 1 1 2 2 3 3
Finite UV test points Finite test poinF shall be the
baseline
Beam phase shifter controller degree 45 45 45 45 45 45 Finite beam shall be the baseline
Antenna type (patch, dipole, or both) - - - - - - Depier:\]zlsetrzr:\etni:t(;;;rent
Antenna module/set location (front, back, top- Left & Right & Left & Right & | combination of the lists are not
side, left-side, right-side, lgottor;-side,) i Top / Bottom Top / Bottom Top & Bottom Top & Bottom Bottogm Bottogm precluded.
Front cover (Plastic, Glass, Ceramic, Metal) Glass Glass Glass Glass Glass Plastic
Back cover (Plastic, Glass, Ceramic, Metal) Glass Glass Glass Glass Glass Plastic
. A . Legacy antenna performance
Sldetcover/ame](blasticiGlassiceranic, Metal Plastic Metal Metal Metal Plastic degradation by mutual coupling
Metal) Ny
w/ NR antenna or vice versa.
Device size (WxHxD) cm3 66.6 66.6 66.6 66.6 66.6 66.6 This is for information
Display panel — Full (Y) or Partial (N) Y/N Y Y Y N Y Y
Module can’t be placed outer
Bezel Margin mm 1.5 1.5 1.5 1.5 1.5 1.5 edge of UE to secure mechanical

reliability
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