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1 Introduction
In RAN4 NR AH#2 system simulation assumptions were agreed for NR RRM studies to evaluate
· Number of SS block beams to be detected
· Number of cells to be detected
Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.

· Mobility performance
2 Discussion

Simulations were performed for the indoor hotspot (IHS) scenario in [1]. Other scenarios were not investigated due partly to time available and because the IHS results showed a sensitivity to beamforming parameters which are not specified in the simulation assumptions. This will be covered in more detail in the contribution. Studies also concentrated on 30GHz operation on NR, and the 4GHz IHS scenario was not evaluated. 120kHz control subcarrier spacing was used, and 60kHz was not evaluated. All simulation assumptions were aligned with [1].
2.1 UE beamforming direction

To model the direction of UE beamforming, we have assumed genie aided beamforming in the UE. The UE steers its RX beam in the direction of the target cell to be measured, and interference then is evaluated from other sites using the same beamforming coefficients. In practice, the UE will not know the direction in which to steer RX beam to perform measurement and will need to implement some kind of RX beam sweeping procedures, however RX genie aided beamforming avoids the need to model UE RX beamsweeping and provides a bound on performance under the assumption that the UE beam sweeping procedure would find a near optimal direction when measuring a cell.

Proposal 1: RAN4 should discuss whether genie aided RX beamforming is a suitable way to model UE measurements.

A more realistic approach would be partially genie aided, where the genie aiding is used to select one of N possible beam directions rather than a beam which is formed perfectly in the desired direction. This approach would need discussion on the number of RX beams and the beam directions in RAN4.
2.2 UE measurement configuration

In NR, cell level measurements are defined as the average of the N best SS blocks, where N is configurable. In the simulations, there is a 1:1 mapping between beam and SS block. In [1] it is not specified what is the configuration of N. We have used N=1, in other words a UE assumes a cell level SSRP equivalent to the SSRP of the best SS block it receives from the cell. While other cell measurements could be simulated, the definition of SINR may need discussion if multiple SS blocks are averaged to get a cell level result.
2.3 Beam shaping for IHs
Transmitted SS block beams from the basestation are not genie aided, since it would be unrealistic to expect that the basestation is able to transmit beams in the direction of an individual UE. In the simulation assumptions, it is stated that mapping between beam directions and SS blocks is random. We have implemented this functionality with the additional proviso that each cell transmits one SS block in each possible direction in each SS burst set. Between SS burst sets, new random directions are assigned to each cell.
Simulation assumptions do not give any details of how SS block beams are shaped by the basestation, other than giving the basestation antenna parameters as (1,1,4,2,2) with element spacing of λ/2 in both horizontal and vertical directions. However, nether the number of beams to be transmitted, nor the directions that SS blocks are transmitted in is specified in [1]. In the indoor hotspot scenario, the base stations are ceiling mounted and have a boresight direction perpendicular to the ceiling, meaning that the boresight direction illuminates the floor directly under the basestation. Figure 1a illustrates a coverage map for a single cell at location (30,15) transmitting a single beam in the boresight direction. The map is made at height h=1m which is the height specified for UEs in the indoor hotspot scenario. As can be seen from the figure, this deployment could not be expected to give good coverage, even if the other basesation sites were enabled.
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Figure 1a: Coverage map (h=1m) for one cell transmitting 1 beams with beam steering directions (0°,0°)

In figure 1b, we introduce 4 beams at directions (-45°,-45°),  (-45°,45°), (45°,-45°), (45°,45°) relative to the boresight. This gives better coverage, however there is a coverage hole immediately below the basestation.
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Figure 1b : Coverage map (h=1m) for one cell transmitting 4 beams with beam steering directions (-45°,-45°),  (-45°,45°), (45°,-45°), (45°,45°)

In figure 1c, we attempt to further improve coverage of the individual basestation by introducing 9 beams in directions (-60°,-60°), (0°,-60°), (60°,-60°), (-60°,0°), (0°,0°), (60°,-0°) ,(-60°,60°), (0°,60°), (60°,60°). This configuration can provide coverage over a much wider area, due to the increased number of beams and the shallower angle that beams are transmitted at relative to the ceiling. On the other hand, it can be observed that for this deployment, beams are being directed towards the sites where other basestations are located, so although this deployment provides better coverage some of the additional beams may cause interference depending on the random beam directions selected at each site.
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Figure 1c: Coverage map (h=1m) for one cell transmitting 9 beams with beam steering directions (-60°,-60°), (0°,-60°), (60°,-60°), (-60°,0°), (0°,0°), (60°,-0°) ,(-60°,60°), (0°,60°), (60°,60°),
As there is a tradeoff between interference and coverage, we have selected as a baseline configuration 5 beams per cell with directions (-60°,-60°),  (-60°,60°), (60°,-60°),  (60°,60°) and (0°,0°) which avoids the possibility to transmit interference directly towards neighbour sites, and also avoids the coverage hole directly under the basestation site. For reference, the coverage map showing SSRP of the best cell is also shown in figure 1e when all 12 cells are transmitting. Also of interest is the SINR of the best cell, which is shown in map format in figure 1f.
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Figure 1d: Coverage map (h=1m) for one cell transmitting 5 beams with beam steering (-60°,-60°),  (-60°,60°), (60°,-60°),  (60°,60°) and (0°,0°)
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Figure 1e: Coverage map (h=1m) for all cells transmitting 5 beams with beam steering (-60°,-60°),  (-60°,60°), (60°,-60°),  (60°,60°) and (0°,0°)
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Figure 1f: SINR map (h=1m) for for all cells transmitting 5 beams with beam steering (-60°,-60°),  (-60°,60°), (60°,-60°),  (60°,60°) and (0°,0°)
Based on these results, we think that it is necessary for RAN4 to discuss suitable beam steering design for each of the scenarios that is simulated at system level, so that it is possible to get aligned results between companies. As we will see in subsequent sections, the number of beams and the beam layout can make a considerable difference to the conclusions that would be reached.

Proposal 2: RAN4 discusses the number of beams to be transmitted per cell for the various system simulation scenarios

Proposal 3: RAN4 discusses beam transmission direction for the various system simulation scenarios

In practice, optimal beam design could become quite complicated in a scenario such as indoor hotspot, because the scenario has no wrap-around and thus edge and corner basestations could beamform in different directions from basestations in the middle of a row. To keep the simulations simple, we have so far assumed that all basestations choose their beams from the same set of directions.
Another aspect which could be discussed is that the beam widths (which are dependent on antenna parameters) have originally been defend for data transmissions. When it comes to SS block transmission, the needs of the system are somewhat different as coverage becomes more important, whereas it is not necessarily so important to operate at as high as possible high SINR (eg if the SS block can be detected and measured accurately and at 0dB, there is no need to use a narrow beam to reach even higher SINR). In our view, the antenna parameters in [1] result in beams which are unnecessarily narrow for SS block transmission (especially for other scenarios than indoor hotspot). While this allows some UEs to have very high SS block SINR, it may be more reasonable to change the antenna parameters for RRM studies to facilitate wider SS block beams. For example, if a basestation implements a 128-element antenna array, not all 128 elements need to be used for the SS block transmission.

Proposal 4: RAN4 discusses whether the antenna parameters are suitable for SS block transmission.
2.4 SINR, detectable cells and detectable beams
In this section, we provide CDF results for the SINR of the best cell, 2nd best cell etc. Since the SSRP of a cell is defined as the SSRP of the best beam (see section 2.2), the SINR which is logged in simulations is the SINR which occurred while the best beam was being transmitted.

 Results are shown in figure 2a
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Figure 2a: CDF SINR of best, 2nd best, 3rd best and 4th best cell with baseline beam steering
We also provide results for number of cells and number of beams which can be detected by a UE. A beam is considered detectable if it has an SINR≥-6dB (needs to be checked from link level simulation results) and a cell is considered detectable if the best beam from that cell has an SINR ≥-6dB. It should be noted that we have logged statistics on the total number of beams seen by the UE, and have not logged statistics on number of detectable beams per cell.
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Figure 2b: CDF of number of detectable cells with baseline beam steering
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Figure 2c: CDF of number of detectable beams with baseline beam steering

Observation 1: With baseline beam steering in indoor hotspot scenario, up to 5 cells can be detected (95th percentile)
Observation 2: With baseline beam steering in indoor hotspot scenario, up to 9 beams can be detected (95th percentile)

We also studied the sensitivity of the CDF to various beam steering parameters. In figure 3a and 3b, we compare CDFs for number of detectable beams and number of detectable cells for two different deployments 

Deployment 1: BS has 5 beams steered at (-60°,-60°),  (-60°,60°), (60°,-60°),  (60°,60°) and (0°,0°)
Deployment 2: BS has 5 beams steered at (-45°,-45°),  (-45°,45°), (45°,-45°),  (45°,45°) and (0°,0°)
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Figure 3a: Comparison of number of detectable cells for deployment 1 and deployment 2
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Figure 3b: Comparison of number of detectable beams for deployment 1 and deployment 2
Observation 3: Beam steering direction makes a difference to the CDFs of both number of detected cells and number of detected beams
We also compared two deployments where the basestations transmit different numbers of beams
Deployment 3: BS has 5 beams steered at directions (-60°,-60°),  (-60°,60°), (60°,-60°),  (60°,60°) and (0°,0°)
Deployment 4: BS has 9 beams steered at directions (-60°,-60°), (0°,-60°), (60°,-60°), (-60°,0°), (0°,0°), (60°,-0°) ,(-60°,60°), (0°,60°), (60°,60°)

The difference between deployment 3 and deployment 4 is that each cell transmits 4 additional beams in deployment 4.
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Figure 4a: Comparison of number of detectable cells for deployment 3 and deployment 4
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Figure 4b: Comparison of number of detectable beams for deployment 3 and deployment 4
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Figure 4c: Comparison of SINR of best cell for deployment 3 and deployment 4

Results are shown in figures 4a, 4b and 4c. As expected, when the basestations transmit more beams, UEs are also able to detect more beams. Indeed, the number of beams detected by the UE appears to scale directly with the number of beams transmitted when all other aspects of the deployment remain the same. This would be expected for non-overlapping beams. The number of detectable cells at 95th percentile also increases from approximately 5 to 7 as more beams are added. SINR of the best cell is also improved (by approximately 2.5dB at the median ≈ 10 log10 (9/5). For these results, the number of detectable cells increases by ~1 with more beams (both RSRP and interference increase so typically only the closest neighbor becomes more visible).
Observation 4: Number of transmitted beams makes a large difference to the CDFs of both number of detected cells and number of detected beams

NR supports up to L=64 SS blocks per SS burst set on mm wave bands. These could also be mapped to 64 beams per cell, so even larger numbers of transmitted beams are possible from a specification point of view. 

Observation 5: Without alignment on number of beams per cell (proposal 2) and beam steering directions (proposal 3) it will not be possible to get alignment between system simulation results from different companies

It is also worth emphasising that the different beam configurations studied in the simulation campaign (and many other possible configurations) are all valid and represent different trade-offs eg reducing SS block overhead or increasing cell coverage etc. Therefore, some caution is needed in the interpretation of RAN4 system simulation results to decide on minimum capabilities for number of cells and number of beams that can be measured based on detectability studies. What is clear is that when using beamforming the number of cells which UEs can detect increases compared with simple sectorised cells, and that this increases when more separate transmit beams are used.
Observation 6: Care should be taken when deciding on minimum requirements for NR UE capabilities for number of cells and number of beams which can be measured to ensure that valid NR deployments can be supported from a mobility perspective.
2.5 Beam shaping for UMa

While we do not provide results for urban macro scenario, we make some initial consideration of the possible beam shaping and sweeping that could be used in simulations. Figures 5a and 5b show basestation gain in the same horizontal plane as the basestation is located in. Composite gain of all beams is shown using a max() function similar to the UE measurement procedure itself. In figure 5a, 4 beams are transmitted beam steered with phi=45°,-15°,15°,45° and in figure 5b, 5 beams are used with phi=-50°,-25°,0°,25° and 50°. 4 beams seem insufficient to provide complete coverage over a 120° sector, so based on these plots we have selected the 5-beam scheme as the preliminary candidate for beam sweeping in the UMa scenario.
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Figure 5a: Composite BS beam transmission pattern for UMA with 4 beams at -45°,-15°,15°,45°
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Figure 5b: Composite BS beam transmission pattern for UMa with 5 beams at -50°,-25°,0°,25°,50
Next, we performed a verification of SSRP of a single sector. Results are shown in figure 5c with a UE height = BS height = 25m. 
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Figure 5c: SSRP map at hUE=25ms (hBS=25m)

One aspect which we would like to discuss further is that this scenario has a vertical coverage problem. Figure 5d shows a cross section of the antenna gain in the vertical direction. Due to N=16 antenna elements there is a narrow main beam. Given that UEs can be close to the BS (minimum 2d separation is 10m, BS height is 25m), unless more beams are introduced in the vertical axis, UEs close to the basestation will be receiving by sidelobes of the main beam as shown in figure 5e. 
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Figure 5e: Vertical BS beam transmission pattern for UMa with one beam steered at 0°
The resulting SSRP map is shown in figure 5e for a UE height of 10m. Only distant UEs (which have a shallow angle to the BS) are served by the main vertical lobe. The fundamental problem is that the BS antenna array uses N=16 vertical elements. This is appropriate for user data transmission where the beam can be steered to an individual UE, but is less suitable for broadcast transmissions where coverage of a beam is also important.
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Figure 5e: SSRP map at hUE=10ms (hBS=25m)

There could be a number of solutions to this problem including introducing beam sweeping in the vertical axis, or using fewer than N=16 elements from the array for SS block transmission, or a combination of vertical beam sweeping and smaller N. A significant concern with introducing vertical beam sweeping is simulation time, since there are 19 sites + wraparound, 3 sectors per site and beam sweeping of narrow beams in both horizontal and vertical directions would introduce a very large number of beams

This is related to proposal 4. In figure 5f we show the gain pattern with N=2 antenna elements in the vertical direction which may be a more suitable beam shaping for broadcast to avoid introducing vertical beam sweeping.
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Figure 5e: Vertical BS beam transmission pattern for UMa with one beam steered at 0° using (1,1,8,2,2) antenna array
3 Conclusions

In this contribution, we provide initial simulation results for the indoor hotspot scenario on 30GHz. We note that results are somewhat sensitive to the details of the basestation beemsweeping procedure, and make the following proposals and observations
Proposal 1: RAN4 should discuss whether genie aided RX beamforming is a suitable way to model UE measurements.

Proposal 2: RAN4 discusses the number of beams to be transmitted per cell for the various system simulation scenarios

Proposal 3: RAN4 discusses beam transmission direction for the various system simulation scenarios

Proposal 4: RAN4 discusses whether the antenna parameters are suitable for SS block transmission.

Observation 1: With baseline beam steering in indoor hotspot scenario, up to 5 cells can be detected (95th percentile)

Observation 2: With baseline beam steering in indoor hotspot scenario, up to 9 beams can be detected (95th percentile)

Observation 3: Beam steering direction makes a difference to the CDFs of both number of detected cells and number of detected beams
Observation 4: Number of transmitted beams makes a large difference to the CDFs of both number of detected cells and number of detected beams

Observation 5: Without alignment on number of beams per cell (proposal 2) and beam steering directions (proposal 3) it will not be possible to get alignment between system simulation results from different companies

Observation 6: Care should be taken when deciding on minimum requirements for NR UE capabilities for number of cells and number of beams which can be measured to ensure that valid NR deployments can be supported from a mobility perspective.
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Annex A : Simulation assumptions

The following aspects are expected to be evaluated from system level simulation.
· Number of SS block beams to be detected
· Number of cells to be detected
Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.

· Mobility performance
SS beam direction colliding model

· SS blocks from different cells are colliding in the same time/frequency resource

· BS Tx beam sweeping (TDM scheme)

· Mapping between beam directions and SS blocks is random

· System level simulation assumptions

Table 1 System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro (simplified based on Table A.2.1-1 in TR 36.802)
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer

Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12
	Single layer:

Macro layer: Hex. Grid
	Single layer

Macro layer: Hex. Grid


	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 5km for 700 MHz 
	500m (for 4GHz)

200m (for 30GHz)

	Carrier frequency 
	4GHz, 30GHz
	Macro layer: 4GHz and 30GHz

	4GHz;700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)
	4GHz: Up to 200MHz (DL+UL);

700MHz: Up to 20MHz(DL+UL) (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	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: ITU InH
Above 6 GHz: 5GCM office 

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)

Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	ITU Rural
	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: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm

Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm

EIRP should not exceed 58 dBm(*)
	Macro layer:

Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm


	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.

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

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

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 9dB 

	UE antenna configuration
	See Table A.2.1-4.


	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
	100% Indoor, 3km/h,
100 users per BS for full buffer traffic
	Uniform/macro TRP (100 users per TRP for full buffer traffic) 

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%
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)

100 users per TRP for full buffer traffic

User distribution: Uniform
	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.


· UE Rx beamforming and antenna modelling
For above 6G, the UE Rx beamforming shall be considered. Based on the antenna configurations for below and above 6GHz in TR 36.802, some simplification are made. The simplification of Table 2 is based on Table A.2.1-4 in TR 36.802. BS antenna radiation pattern for above 6GHz and UE antenna radiation pattern can reuse Table A.2.1-6 and Table A.2.1-8 in TR 36.802.
Table 2: 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;

Companies explain the details of TXRU mapping to antenna elements.
	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;

Companies explain the details of TXRU mapping to antenna elements.

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
	Companies explain the details of TXRU mapping weights.
	Companies explain the details of TXRU mapping weights.

	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 

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

	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 ().

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



Table A.2.1-6: 3-Sector BS antenna radiation pattern for above 6GHz (TR 38.802)
	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
	8dBi


Table A.2.1-8: UE antenna radiation pattern model 1(TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in [image: image25.png]8"



 dim (dB)
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	Antenna element radiation pattern in [image: image28.png]


 dim (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
	5dBi


Note: 
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are in local coordinate system.
Some companies are interested in the mobility performance of beam management above 6GHz. Table 3 provides the corresponding simulation assumptions. Note: Less users can be used in the dynamic simulation.
Table 3: Evaluation assumptions for beam management (simplified based on Table A.2.5-2 in TR 36.802)
	Parameters
	Values

	Simulation bandwidth
	30GHz: 80MHz.(DL+UL) or 40MHz.(DL+UL)

	Subcarrier Spacing for data
	For 30 GHz: 120kHz,  60kHz

	Channel Model
	Following related assumption in Table 1

	Criteria for selection for serving TRP
	Companies explain the details of criteria for selection for serving TRP.

	Criteria for beam selection for serving TRP
	Companies explain the details of criteria for beam selection for serving TRP.

	Link adaptation
	Based on CSI-RS.

	Beam searching period


	Candidate value: [40ms],[100ms], etc.

	Metric
	Outage;

beam failure rate, 
handover failure rate 
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