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1. Introduction

At the RAN4#NR-AH2 meeting, RRM requirements for non-standalone (NSA) NR system were discussed, and evaluation assumptions for system level and link level simulations to discuss/derive RRM requirements were agreed [1]. 
In this contribution, we show our initial evaluation results based on the agreed system level simulation assumptions [2]. Based on the evaluation results, we present our views on the RRM requirements such as side condition for cell/beam detection and measurement.
2. Evaluation assumptions
Table I and II show the system level simulation assumptions. Based on agreed simulation assumption in [2], we add and select some specific parameters/assumptions for initial evaluation as highlighted by red. In the initial evaluation, we focus on urban macro scenario. We assume that side condition for cell/beam detection is -6 dB SINR, and hence cell/beam are considered as detected if SINR of cell/beam is greater than -6 dB. For SINR/RSRP CDF performances, BS antenna tilting (e.g., in case of 4 GHz carrier frequency with single beam operation), number of SS blocks and beam directions for SS block transmissions (e.g., in case of 30 GHz carrier frequency with multi-beam sweeping scenario) would have large impact. Therefore, we evaluate several settings on such parameters as shown in Table III. In case of 30 GHz carrier frequency, UE Rx beam forming is assumed and RSRP/SINR are derived by assuming best Rx beam for a UE.
Table I: System level evaluation assumptions for Urban macro (simplified based on Table A.2.1-1 in TR 36.802)
	Parameters
	Urban macro

	Layout
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	500m (for 4GHz)
200m (for 30GHz)

	Carrier frequency 
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
Note: other channels are not precluded
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	BS Tx power 
	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm
EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4 in TR 36.802

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4 in TR 36.802

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 9dB

	UE antenna configuration
	See Table A.2.1-4 in TR 36.802

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: Above 6GHz: 13dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic
(100 users per TRP is the baseline with full buffer traffic. 200 users per TRP with full buffer traffic is not precluded.)
Mix of O2I penetration loss models for higher carrier frequency
-
Option1
-
Low loss model – 80%
-
High-loss model – 20%
-
Option2
-
Low loss model – 50%
-
High-loss model – 50%

	(*):
See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.
(**):
Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
(***):
Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping (See Figures A.2.1-3 and A.2.1-4 and Table A.2.1-8)
(****):       Companies should indicate the traffic model used in the simulation, if any.


Table II: Antenna configurations for below and above 6GHz (simplified based on Table A.2.1-4 in TR 36.802)
	 
	Below 6GHz (700MHz, 4GHz)
	Above 6GHz (30GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897
 
Consider the following a TXRU to antenna elements mapping as examples
4GHz: 1D DFT per vertical dimension per polarization as baseline;
Case ISD=500, 4GHz:

BS TXRU mapper type: all the elements for each polarization on each column are mapped to a single antenna port (for SS block).
UE TXRU mapper type: omni-directional antenna
	Per panel, reuse models in TR 36.897. 
Consider the following a TXRU to antenna elements mapping as examples
30GHz: 2D DFT based beam per polarization as a baseline;
 
Case ISD=200, 30GHz:

BS TXRU mapper type: all the elements for each polarization on each sub-panel are mapped to a single antenna port (for SS block)
UE TXRU mapper type: all the elements for each polarization on each panel are mapped to a single CRS port
 
For evaluating multi beam based approaches at 30GHz, consider the following:
- TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	TXRU mapping weights
	The TXRU Mapping is 1D DFT per vertical dimension per polarization.
	The TXRU Mapping is 2D DFT based beam per polarization, TXRU to antenna mapping weights are adjustable.

	Number of BS antenna elements across all panels
	700MHz: Up to 64 Tx /Rx antenna elements 
4GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
 

	Number of UE antenna elements
	700MHz: Up to 4 Tx /Rx antenna elements 
4GHz: Up to 8 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 32 Tx /Rx antenna elements 
 
Note: Same as TR38.913

	BS (M,N,P,Mg,Ng)
	4GHz:
Dense urban and Urban macro:
- Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1).
- Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8,16,2,1,1)
Indoor hotspot:
- Baseline: (M,N,P,Mg,Ng) = (4,4,2,1,1) 
	30GHz:
Dense urban and Urban macro:
- Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2). 
Indoor hotspot:
- Baseline: (M,N,P,Mg,Ng) = (4,8,2,1,1)
 

	BS (dH,dV,dH,g,dV,g)
	4GHz:
Dense urban and Urban macro:
- Baseline: (dH,dV) = (0.5, 0.8)λ
Indoor hotspot:
- Baseline: (dH,dV) = (0.5, 0.5)λ
	30GHz:
Dense urban and Urban macro:
- Baseline: (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
Indoor hotspot:
- Baseline: (dH,dV) = (0.5, 0.5)λ
 

	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P =2, dH=0.5
 
	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)
- 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
- The antenna elements of the same polarization of the same panel is virtualized into one TXRU
 
- Note: The channel coefficients for each UE panel can be generated using spatial channel model

	BS antenna element gain pattern
	According to TR36.873
	See Table A.2.1-6 in TR 36.802

	UE antenna element gain pattern
	Omnidirectional
	See Table A.2.1-8 in TR 36.802

	Others
	TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE).
It should be possible as one option to assume QCL between ports of two different panels of the same transmission points
Distances (dg,H, dg,V) between panels should be limited. 
NR evaluations consider both cases of phase-calibration and no phase-calibration between panels:
-
Phase offset of non-calibrated panel (either TRP or UE side) is modeled as a uniform distributed random variable between (-p,p).
-
Adopt the accumulated phase offset of non-calibrated panel pair in channel coefficients equation (7.21) and (7.26) in TR 38.900.


Table III: Beam sweeping assumption
	
	Number of SS blocks (beams)
	Beam direction

	Case 1 (for 4 GHz)
	1 (no beam sweeping)
	102 degree down tilting

	Case 2 (for 4 GHz)
	1 (no beam sweeping)
	98 degree down tilting

	Case 3 (for 30 GHz)
	12
	Beam directions for BS:
Azimuth angle [-56.25, -33.75, -11.25, 11.25, 33.75, 56.25] degree 
Zenith angle  [112.5, 157.5] degree
Beam directions for UE:
Azimuth angle [-67.5, -22.5, 22.5, 67.5]              

Zenith angle [45, 135] degree

	Case 4 (for 30 GHz)
	12
	Beam directions for BS:
Azimuth angle [-56.25, -33.75, -11.25, 11.25, 33.75, 56.25] degree 

Zenith angle  [100, 115] degree
Beam directions for UE:           

Azimuth angle [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle [60, 80] degree

	Case 5 (for 30 GHz)
	64
	Beam directions for BS:
Azimuth angle [-62.25, -53.95, -45.65, -37.35, -29.05, -20.75, -12.45, -4.15, 4.15, 12.45, 20.75, 29.05, 37.35, 45.65, 53.95, 62.25] degree 

Zenith angle  [94.11, 104.30, 114.49, 124.68] degree
Beam directions for UE:           

Azimuth angle [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle [60, 80] degree


3. Evaluation results
3.1. 4 GHz, ISD=500 m, single beam operation
Initial results of system level simulation for 4 GHz carrier frequency with ISD = 500 m case are shown in this sub-section. We evaluated SINR CDF for top three cells, RSRP CDF for top 10 cells and number of detectable cells CDF with assuming -6 dB SINR as detectable cell definition/threshold.
· Case 1 (single beam with 102 degree down tilting)
Figure 1 shows SINR CDF for top three cells, RSRP CDF for top 10 cells and number of detectable cells CDF for the case of 4 GHz, ISD=500m, single beam with 102 degree down tilting. We observe that about 2% UEs cannot detect even one cell and no UE can detect more than three cells in this case.
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Figure 1: System level simulation results for 4GHz, ISD=500m, single beam with 102 degree down tilting
· Case 2 (single beam with 98 degree down tilting)
Figure 2 shows SINR CDF for top three cells, RSRP CDF for top 10 cells and number of detectable cells CDF for the case of 4 GHz, ISD=500m, single beam with 98 degree down tilting. Thanks to optimized down tilting angle compared with Case 1, almost all UEs can detect at least one cell in this case.
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Figure 2: System level simulation results for 4GHz, ISD=500m, single beam with 98 degree down tilting
3.2. 30 GHz, ISD=200 m, multi-beam sweeping operation
Initial results of system level simulation for 30 GHz carrier frequency with ISD = 200 m case are shown in this sub-section. We evaluated SINR CDF for top three cells, SINR/RSRP CDF for top 10 SS blocks and number of detectable cells/SS blocks CDF with assuming -6 dB SINR as detectable cell/SS block definition/threshold.

· Case 3 (12 beams with non-optimized zenith angles)
Figure 3 shows SINR CDF for top three cells, SINR/RSRP CDF for top 10 SS blocks and number of detectable cells/SS blocks CDF for the case of 30 GHz, ISD=200m, 12 beams with non-optimized zenith angle. We observe that about 20% UEs cannot detect even one cell or one SS block. Therefore, we try to apply optimized zenith angle in Case 4 and more number of SS blocks (beams) in Case 5.
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Figure 3: System level simulation results for 30GHz, ISD=200m, 12 beams with non-optimized zenith angles
· Case 4 (12 beams with optimized zenith angles)
Figure 4 shows SINR CDF for top three cells, SINR/RSRP CDF for top 10 SS blocks and number of detectable cells/SS blocks CDF for the case of 30 GHz, ISD=200m, 12 beams with optimized zenith angle. Thanks to optimized zenith angle, ratio of outage UEs can be reduced compared with Case 3. However, there are still about 8% UEs that cannot detect even one cell or one SS block.
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Figure 4: System level simulation results for 30GHz, ISD=200m, 12 beams with optimized zenith angles
· Case 5 (64 beams with optimized zenith angles)
Figure 5 shows SINR CDF for top three cells, SINR/RSRP CDF for top 10 SS blocks and number of detectable cells/SS blocks CDF for the case of 30 GHz, ISD=200m, 64 beams with optimized zenith angle. Even utilizing 64 SS block beams, still 7% UEs cannot detect even one cell or one SS block.
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Figure 5: System level simulation results for 30GHz, ISD=200m, 64 beams with optimized zenith angles
We evaluate number of detectable cells/SS blocks CDF for each of indoor/outdoor UEs in Case 5 as shown in Figure 6. We can observe that all outdoor UEs can detect at least 4 cells and about 80 SS blocks and hence the main reason of outage in 30 GHz Urban macro scenario is large penetration loss for indoor UEs.
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Figure 5: Comparison between indoor UEs and outdoor UEs in Case 5
4. Discussion
Based on evaluation results shown in the previous section, we could observe followings.
· In 4 GHz Urban macro scenario:

· Almost all UEs can find at least one cell/SS block that has > -6 dB SINR condition in single beam operation.

· Number of detectable cells is limited e.g., up to three cells.

· In 30 GHz Urban macro scenario:

· All outdoor UEs can find multiple cells/SS blocks that have > -6 dB SINR condition in multi-beam operation.

· About 10% indoor UEs cannot find even one cell or one SS block due to large penetration loss even utilizing 64 SS block beams.

· Some UEs in both indoor and outdoor can find more than 10 cells and more than 100 SS blocks when 64 SS block beams are used.
Based on above observation, we think basically RRM requirements such as SINR side condition and number of cells to be measured and detected for lower frequency bands can reuse those in LTE. 
However, we think that system level simulation assumption for 30 GHz Urban macro scenario should be updated since it seems impossible to provide coverage for all UEs (especially for indoor UEs) based on current assumption. Regarding SINR side condition for the definition/threshold of detectable cell/beam, - 6 dB would be reasonable and other values can also be evaluated as well as in link level simulation for cell detection (e.g., -7/-8 dB). Regarding number of cells/beams to be measured and reported, it should be evaluated after updating system level simulation assumption.
5. Conclusion 

In this contribution, we showed our initial evaluation results based on the agreed system level simulation assumptions. Based on the evaluation results, we presented our views on the RRM requirements such as side condition for cell/beam detection and measurement.
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