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1	Introduction
RAN4 has been discussing UE measurement capability for a number of meetings now with some positive progress. However, some final agreements are still lacking.
[bookmark: _Hlk510689773]In this paper we provide system level simulation results from earlier as well as some new results as input to facilitate the discussion related to UE measurement capability in terms of number of cells and beams.
2	Discussion
Current agreements in RAN4 related to UE measurement capability ended with the following outcome at the Melbourne meeting in April:
Based on the agreements made in Melbourne meeting the UE shall be able to monitor:
[image: ]
Additionally, following was agreed concerning cell detection, SSB detection and measurement periods for FR2:
· TPSS/SSS_sync:		max[ 600ms, ceil( [5] x Kp) x N1 x SMTC period ]
· TSSB_time_index:		max[ 200ms, ceil( [5] x Kp) x N2 x SMTC period ]
· T SSB_measurement_period:	max[ 400ms, ceil( 5 x Kp) x N3 x SMTC period ]
In earlier meetings we have provided SLS results targeted at helping the decision related to number of cells per carrier the UE would need to be able to monitor [1, 5]. Based on these results we propose in [2, 5] following for FR2:
[bookmark: _Hlk510639994]Proposal 4: In FR2 the UE to be able to track at least [6] intra-frequency cells.
Proposal 5: Monitoring of 2 beam/SSB per cell in FR2 is not sufficient.
Proposal 6: The number of beams the UE need to track per cell in FR2 is higher than 2.
Next, we look at the number of beams for intra-frequency FR2. We use earlier and new system level simulation results performed in a fully dynamic system simulator. We have in the new results adapted the agreed measurement periodicity.
Additionally, based on the results we also provide a recommendation for the UE Rx beam scaling factor, N.

2.1	Simulation setup
The simulator is a fully dynamic system simulator in which UEs are moving around in a grid of cells with a certain given speed. In the simulations, the UEs are moving with 30 km/h and there are 28 UEs active at a time with with keep alive traffic (one UE per sector). SSB burst periodicities of 20ms or 40ms have been used which are also used as the UE sampling rate (L1 sampling interval). I.e. the UE measurement rate is 20ms or 40ms. More detailed assumptions can be found in Appendix A.
in the simulations L1 measurement filter of 5 samples is used. The modeling of measurement report, handover command and handover complete transmissions are error-free and there is no radio link monitoring active. Measurement report to handover command delay (handover preparation delay) is modeled and it has a static value 50 ms. Handover command to complete delay is modeled as well with value 20 ms. 
In the simulations we use an SSB transmission offset to reduce the interference seen by the UE when performing SSB based measurements. 
Inter-beam mobility or beam change within a cell is accounting the beam detection delay (400ms). Cell change or nomal inter-cell mobility is done by using Handovers including cell detection delay (600ms), measurement delay (400ms), measurement reporting delay to handover delay (50ms), and handover to complete delay (20ms).
In the simulations an intra-cell beam change is performed without delay (except from the beam detection and measurement delay). An inter-cell beam change is done by handover accounting the handover delays described. I.e. a UE cannot change to a beam in another cell without handover.
The simulations are based on the baseline simulation assumptions as agreed in [3] changing the necessary parameters to apply cell and SSB settings according to [4]. The network layout is illustrated in figure 1.
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Figure 1 Illustration of the network layout used in the simulation.
We have used an Urban Macro layout with 7x4-sector sites, 28 sectors total and 200ms ISD. In the simulation setup we have used a more realistic deployment setup accounting the the needed beam gain to ensure cell coverage. Additionally, the simulation setup is using the fact that there can be no more than 64 SSB based beams per cell. 
Accounting these aspects, the sector aperture in the simulations is 90 degrees. In this paper, we have, as in previous results, been using 48 SSBs per cell using 3 elevations. The hexagonal grid is only for illustrative purposes and have no real meaning. 
In the simulations, the UEs are moving, in the deployment scenario described, with a speed of 30 km/h. There are in all 28 UEs active at a time (one UE per sector) with keep alive traffic. More detailed assumptions can be found in Appendix A.

2.2	Simulation principle
In last meeting we analyzed the impact of cell detection delay and measurement interval and how this affects the UEs ability to track the strongest SSB based beam. In last meeting RAN4 decided that measurement period for FR2 is 400ms. Additionally, it is clear that there is a need to apply certain relaxations to the UE measurement requirements in FR2 due to UE Rx beam forming. In general, following parameters impact the performance:
· Cell detection delay
· SMTC
· N (UE Rx beamforming)
· measurement gaps
Next, we have investigated the impact from cell detection delay and N. The SMTC period, which is a deployment factor, is used as baseline to investigate the impact of UE Rx scaling factor, N. Impact from the measurement gap sharing is not analyzed.
We have used a fixed cell detection delay of 600ms. In order to analyze the effect of the UE RX beam forming factor, N, we have scaled the measurement interval assuming that the baseline SMTC (L1 measurement period without scaling) is 40ms (we have also included 20ms SMTC to analyze the effect of extreme N factor values). The principle is illustrated in following table:
	SMTC/L1 measurement period [ms]
	N3
	MeasInterval [ms]
	T SSB_measurement_period [ms]

	20
	1
	20
	400

	20
	16
	320
	1600

	40
	1
	40
	400

	40
	2
	80
	400

	40
	8
	320
	1600

	80
	1
	80
	400

	80
	4
	320
	1600



As an example: the UE is configured with SMTC of 80ms while the UE Rx beam relaxation factor is 4, this leads to an effective measurements period of 320ms per SMTC. 
From the results it will be possible to see the effect of the scaling factor. E.g. SMTC=80ms and N3=1 compared to SMTC=80 and N3=4.
In the simulations we have been tracking 4-6 cells, and a number of beams per carrier equivalent to 1-4 beams per cell – i.e. between 4 and 24 beams per carrier

2.3	Simulation metrics
In order to analyze the effect of the measurement intervals on the UE ability to track cells to ensure that UE is not camped on a cell/beam which is much worse that another cell/beam, we look at following metrics:
1) Effect of the measurement interval in serving cell SS-RSRP (effect of UE Rx beam forming).
2) Combined effect from measurement interval and number of tracked beams.
3) [bookmark: _Hlk510645372]SS-RSRP differences between the serving SS beam and Nth best tracked beam.
4) [bookmark: _Hlk510645386]The period during which the serving beam is at least 3dB worse than the best beam.

2.4	Simulation results
In the following we look at simulation results from a fully dynamic simulator for each of the listed metrics.
2.4.1	Effect of the measurement interval in serving cell SS-RSRP (effect of UE Rx beam forming)
Initially we look at the effect of the measurement interval on the SS-RSRP of the serving cell. The SS-RSRP is the SS-RSRP after 5 sample L1 measurement filter (i.e. T SSB_measurement_period).
[image: ]
Figure 2 Effect of the measurement interval on serving Cell SS-RSRP.
From the result it can be observed that the measurement period does have an effect on the SS-RSRP. We see that a longer measurement period leads to a lowered SS-RSRP result with an amount of about 2dB.
From this result we observe, that if we have SMTC of 20ms while relaxing the UE requirements with an N factor of 16, this will have impact on system level in terms of a capacity or coverage drop of 2dB. Additionally, it can also be concluded that if we have two different devices in the field with different N-factor, these devices will likely not measure same absolute SS-RSRP under same conditions. 
Increased measurement period leads to lowered absolute serving cell SS-RSRP results.
Higher UE RX beam forming scaling factor increases the measurement period and leads to lowered absolute serving cell SS-RSRP results.
In order to enable some flexibility in the UE Rx beamforming as well as meeting some reasonable UE latency requirements for ensuring robust beam management, mobility and network configuration opportunities, we propose a N3=4.
In FR2 the UE is allowed a UE Rx beam forming scaling factor, N3, of 4. I.e. N3=4.
In principle RAN4 could discuss and decide on different UE Rx beam forming scaling factors, N1, N2 and N3, for the different procedures: cell detection, Index detection and measurement period. However, as UE movement is rather unpredictable and for simplicity, we propose same scaling factor for all scenario. I.e. N1=N2=N3=4.
In FR2 the UE is allowed a UE Rx beam forming scaling factor, N=N1=N2=N3=4.

2.4.2	Combined effect from measurement interval and number of tracked beams
Next, we look at combined effect from measurement interval and the number of tracked beams on UE side. I.e. in addition to what is shown in section 2.4.1 we include the effect of increased number of tracked beams.
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Figure 3 Effect of the measurement interval and number of tracked beams on best tracked beam SS-RSRP
The results show an additional impact from number of tracked beams particularly in case of long measurement interval. It can be observed that the performance is worse when the UE is tracking only 1 beams per cell than if the UE tracks 4 beams per cell. I.e. tracking only 1 beam per cell has a negative system effect in terms of lowering the measured SS-RSRP.
Tracking only 1 beam per cell has negative system impact on the measured SS-RSRP.
In overall, the combined effect of increasing the measurement interval and tracking too few beams e.g. 1 beam per cell is negative and lowering the measured SS-RSRP. The loss is not insignificant, but in the order of 2dB
The combined system effect of increased measurement interval and tracking too few beams is negative on the measured SS-RSRP.

2.4.3	SS-RSRP differences between the serving SS beam and Nth best tracked beam
Following results, we look at the SS-RSRP difference between the serving SS beam and the Nth best tracked beam. The results illustrated is the SS-RSRP(serving) – SS-RSRP(Nth beam). I.e. if the difference becomes negative it would mean that the Nth tracked beam is better than serving.
Next two results illustrate the effect from tracking a different number of beams. Of interest is to analyse if there are occurring big differences in the SS-RSRP of the serving and Nth tracked beam as this should not happen. In these results we keep the measurement interval fixed at 40ms.
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From the earlier results, we have shown that when only one beam per cell is tracked, there is typically the largest difference between serving beam and other beams. This means that some good beams might drop from the list of tracked beams. 
In practise, when considering such deployment scenario as used in the simulations, there shouldn’t be a large difference between the serving beam and other beams such that a non-serving beam becomes much better than the serving beam. If a large difference is observed it means that some beams which should have been tracked are not tracked due to UE tracking too few beams. 
Additionally, the latencies from cell detection, beam detection and measurements become visible. If the latencies become too long this will impact the UE’s ability to follow/track the dynamics in field, which affects the cell level mobility (handovers) and beam changes (beam management) as the UE moves. This means that the UE mobility is downgraded which could increase the risk of RLF and/or BF.
Tracking too few beams impact the UE ability to follow the dynamics in cell and beam changes when it moves.
Tracking a low number of beams would increase the risk of UE not being using the beam with best SS-RSRP.

From the results we observe that 1 beam (per cell) is clearly not enough. We also observe that when tracking what is equivalent to 4 beams per cell, the difference between the serving beam and the 3rd best beam is low. In general, we see that when tracking more beams, the difference between serving beam and best Nth beam diminishes which indicates that the UE is able to follow and track changes as it moves around.
In this scenario, tracking what is equal to 3 beams per cell is sufficient. However, this is only one scenario and without any margin. Based on this we think UE would need to more than what is equivalent to 3 beams per cell on a carrier.
UE would need to track more than what is equivalent to 3 beams per cell per carrier.

2.4.4	On the number cells and beams
Looking at the specific number of cells and beams we see as necessary for the UE to be able to monitor in NR, we have executed a set of new simulations based on the measurement period agreed in last meeting in Melbourne. I.e. using cell detection latency of 600ms, sampling interval of 80ms and a measurement period of 400ms (excluding any other other scaling like e.g. UE Rx beam forming factor).
Figure X shows the number of detected cells by the UE.
[image: D:\userdata\nkolehma\My Documents\1H18\mobility_nr\figs_old_14052018\id_cells_pdf_BeamsPerCell_4.png]
We observe that in this scenario, the probability of having 3-4 cells detected is highest. However, it can also be observed that there is still a high probability of detecting 5 and 6 cells. The numbers in the figure excludes the serving cell.
Next, looking at the CDF of the number of beams per cell, excluding serving cell, we can observe, that the number of detected beams is higher when tracking 6 beams per cell for 4 cells than when tracking 4 beams per cell for 6 cells. This shows the importance of tracking a relatively high number of beams. 
[image: D:\userdata\nkolehma\My Documents\1H18\mobility_nr\figs_old_14052018\id_beams_excl_serving.png]
As the final requirement will be cells and beams per carrier, we believe, based on the discussion and results shown, that for FR2, the UE shall be able to measure at least 6 intra-frequency carrier cells and 24 intra-frequency carrier beams.
In FR2 the UE shall be able to monitor at least 6 cells on intra-frequency carrier.
In FR2 the UE should be able to monitor at least 24 beams on intra-frequency carrier.


2.4.5	The period during which the serving beam is at least 3dB worse than the best beam
Finally, we look the results concerning the period during which the serving beam is at least 3dB worse than the best beam measured. The results show the impact from the increased measurement interval which is affected by the different measurement performance relaxations like UE Rx beamforming factor, N.
[image: ]
Figure 6 Period when the serving beam is at least 3dB worse than the best beam

We see a clear correlation between the measurement interval and the time during which the UE is served by a beam which is more than 3dB worse than best other beam. We see that especially for a measurement interval of 320ms starts to become challenging as the UE is served by the wrong beam for long periods. This of impacts both UE TP but it also creates increased interference in the system.
[bookmark: _Hlk509832434][bookmark: _Hlk510686303]Long measurement intervals have negative impact on UE and system performance.

2.5	System Level Discussion
We presented in the former sections several simulation results performed in a fully dynamic system simulator. From the results, we make several observations per result set. However, one would also need to look at the overall system impact from the combined results.
From the results we have observed, that an increase in the measurement interval has multiple system impacts. The results showed that an increased measurement interval leads to lowered absolute serving cell SS-RSRP results, and will have negative impact on UE and system performance.
The results also showed, that tracking too few beams has negative system impact on the measured SS-RSRP and the combined effect from longer measurement intervals and tracking too few beams is negative bias in the measured SS-RSRP. Such degradation in the measured SS-RSRP can impact the overall system as it can affect the potential cell coverage.
When analyzing the number of beams the UE should be able monitor we observed that tracking a low number of beams would increase the risk of UE not being using the beam with best SS-RSRP and would also impact the UE ability to follow the dynamics in cell and beam changes when it moves. The consequences of these impacts are rather clear and obvious: potential increase in drop of connections (RLFs) and poor system performance in general impacting both UE and network.

Based on the simulation results and the observations from the results we have above proposed that in FR2 the UE should be able to monitor 6 cells on intra-frequency carrier and 24 beams on intra-frequency carrier.
We propose to adjust the number of beams to monitor per carrier for inter-frequency carriers, for which it was agreed that the should monitor 4 cells per carrier, such that the UE should be able to monitor at least 10 beams per carrier.
In FR2 the UE should be able to monitor at least 10 beams per inter-frequency carrier.
For FR1, where the number of beams to monitor per carrier, is still under discussion, we propose 16 beams for intra-frequency carrier. As there will always be 1 beam per cell and RAN4 agreed that the UE should be able to monitor 8 intra-frequency cells, the minimum number of beams would be 8. However, as we have seen from the results, tracking only 1 beam per cell (although results were for FR2) does not seem to be enough – hence we propose 2. 
In FR1 the UE should be able to monitor at least 16 beams on intra-frequency carrier.
For inter-frequency carriers in FR1 we propose to lower the number of monitored beams for carrier according to reduced number of cells being monitored. I.e. we propose that the UE should be able to monitor 8 beams per inter-frequency carrier in FR1.
In FR1 the UE should be able to monitor at least 8 beams per inter-frequency carrier.

3	Conclusion
In this paper we have provided new system level simulation results as input to the discussion related to UE measurement capability in terms of number of cells and beams. 
Based on the simulation results and the observations from the results in this paper and the system level results provided in Athens meeting, we propose following UE requirements:
1. In FR2 the UE is allowed a UE Rx beam forming scaling factor, N3, of 4. I.e. N3=4.
In FR2 the UE is allowed a UE Rx beam forming scaling factor, N=N1=N2=N3=4.
In FR2 the UE shall be able to monitor at least 6 cells on intra-frequency carrier.
In FR2 the UE should be able to monitor at least 24 beams on intra-frequency carrier.
In FR2 the UE should be able to monitor at least 10 beams per inter-frequency carrier.
In FR1 the UE should be able to monitor at least 16 beams on intra-frequency carrier.
In FR1 the UE should be able to monitor at least 8 beams per inter-frequency carrier.
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A	Simulation assumptions
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Best tracked beam RSRP excluding serving cell CDF ( Cells:4 )
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  Figure 4  D ifference between serving beam and 1 - 2 . strongest tracked beams  
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  Figure 5 D ifference between serving beam and 1 - 4. strongest tracked beams  
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Duplexing TDD, 9DL + 1UL radio frame (uplink not simulated)

Bandwidth 40 MHz on 30 GHz band, 14 RBs

DL Tx power 43 dBm, scaled down to 40 dBm due to 40 MHz BW (instead of 80 MHz)

BS antennas 12 x 16 vertical pol. elements (192 elems total), 0.5\ h/v spacing, 25 m height, 1 panel
BS noise figure 9 dB

UE antennas 2 panels of 1 “plus” element each, oriented at 0° and 180° (2 panels), 1.5m height

UE noise figure 13 dB

Shadowing spatially correlated, std. 4 dB (LOS), 6 dB (nLOS)

Path loss UMa (TR 38.900), Soft LOS/nLOS, all terminals outdoors (no penetration loss)

Channel model 3GPP_5G (TR 38.900) with spatial consistency model B

Initial cell selection identification: RSRP + Es/IoT, RSRP thr: -87.4 dBm, Es/IoT thr: -6 dB; selection: RSRP_FF
Grid of Tx beams 48 beams: 3 elevation angles, see next

BS ant. rad. pattern TR 36.814, horiz. bw: 65°, vert. bw: 65°, 8 dBi gain

SC spacing 240 kHz, 2.88 MHz per RB, 12 subcarriers/RB, 16 TTIs in 1 ms (14 symbols per TTI)

UE mobility dynamic terminals 30 km/h, random movement direction

UE deployment 28 UEs with keep-alive traffic, one per each sector
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