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1      Introduction
During last RAN2#95bis meeting, it has been agreed the following for RRC connected mode for DL measurements: 

Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.

–
FFS: whether UE report individual and/or combined quality of multiple beams
2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.

–
FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)

–
FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.

-
FFS how the cell in connected relates to the cell in idle

3. 
Study how to derive a cell quality based on measurements from individual beams

4. 
In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 

-FFS whether there may be cases that do require RRC involvement.

5
UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreement

1
For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)

FFS how to combine beam measurements to a cell level single quality
It has been agreed that the UE at least measures one or more individual beams in order to trigger inter-gNB handovers and to optimize HO ping-pongs/ HO failures. It is FFS what the UE should be reporting. It has also been agreed that the cell level signal quality for RRM measurement can be derived from multiple beams and FFS how to combine beam measurements to derive a single cell level quality. In this contribution, we further study measurement in NR based on the agreements. We divided two issues for discussions: (1) what triggers measurement events and hence measurement reporting and (2) what the UE should include in the measurement report to assist the network to decide on handover to a quality cell to optimize ping-pongs and HOF.  
2      Measurement in a NR-cell

Beam based measurements
Figure 1 (left) shows a deployment with 3 cells and each consists of multiple TRPs. UE 1 and UE 2 are moving from NR-cell 2 towards NR-cell 1. UE has to perform measurements in order to discover neighbouring NR-cells. Let's consider only one TRP scenario when UE is in mobility shown in Figure 1 (right), the UE starts at the highest antenna gain (at half beam width) within the serving beam (color blue). The UE is moving to the left, then the TRP beam tracking is performed and switches to the purple dotted line beam. At the same time, the UE is performing measurements to the serving NR-cell and the neighbour NR-cells. 
[image: image1.jpg]


[image: image2.jpg]-«

"
0

‘o

Ja's

'
0

’ s &

. 0 O

S

¢ ——

@ ‘o

' ' 0

0 |1 C

i s

o :.&’

7} 0

4 '
o 0

: ¥

0
'

UE direction l &
......... ‘

half beam width




Figure 1: three NR-cells deployment each consists of multiple TRPs (left), one TRP beam tracking when the UE is in mobility (right)
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Figure 2: Beam tracking bump within the same TRP (60km/h UE)
Let’s look at individual TRP level, Figure 2 shows the beam tracking within the same TRP when the UE is moving at 60km/h. Two TRPs are shown in the figure. The serving TRP 3 is color in orange. The neighboring TRP 6 is color in blue. The UE initially is connected to beam 1 at TRP3. Then due to mobility, the beam tracking is performed to find the best beam and TRP perform beam switches to beam 2 and creates the bump in measurement. This continues during the mobility for both serving TRP and neighboring TRP. The bump is about 6-7dB in LoS case. However, no such bumps are observed in non LoS case. It can be imagined that TRP switching within a cell may create a second level of challenge in terms of signal variation for RRM mobility decisions. 
Observation 1: RRM Measurement may need to consider beam tracking within the same TRP and TRP switching within a cell
Figure 3 shows a slow moving UE (3km/h) in a non LoS scenario. The dotted line shows where the event is triggered and the solid line shows where the handover is completed. Due to the high variation of the signal from different TRPs, the UE unnecessarily triggers many measurement reports and hence causes signaling overhead. It is also observed that the handover region is inverse proportional to the UE speed. High speed UE has a shorter handover region and lower speed UE has a longer handover region. The implication is that the measurement report triggering and/or handover timing should take into account of UE speed.
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Figure 3: RSRP over time during handover moving at 3km/h in non LoS case

Observation 2: High speed UE has a shorter handover region and lower speed UE has a longer handover region if the same handover threshold is assumed
Observation 3: Measurement report triggering and/or handover timing should take account of UE speed
Observation 4: Measurement event triggering should be enhanced to reduce measurement reporting triggering 
Event triggering

In the previous section, we study the impact of RRM in beamforming environment if only the best beam is considered at any given time within a cell. In this section, we consider multiple beams and look at different ways to evaluate the cell level quality to trigger measurement events.

Figure 4 shows four different mechanisms considering one or multiple beams, they are:
· Black: only consider the best beam
· Blue: average the top N (figure shows 3) highest beams
· Red: average all beams
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Figure 4: Rx signal using four different mechanisms considering multiple beamsWhen only the best beam is considered (black), there are more signaling variations because of the beam tracking. This will trigger more measurement events and hence the highest signaling overhead. However, it is the most accurate in term of the measured signal strength. When all the (TRP) transmit and (UE) receive beam pairs are considered (red), the beam bump is removed due to the averaging but the average signal is 30dB lower than the actual measured signal. If we average over only the top 3 beams (blue) results in reduced beam bump and event triggering. Measurement is more current when only top 3 beams are used in compare to averaging all beams. Below is the summary of the three mechanisms: 
	
	
	
	

	
	Only best beam (black)
	Avg all beams (red)
	Avg top N beams (blue)

	Number of event triggering and hence measurement reporting
	High (
	Low (
	Medium (

	Accuracy of the measurement
	Good (
	Bad (
	Ok (

	Calculation complexity
	Good (
	 Bad (
	Medium (


Proposal 1: RAN2 to consider to use averaging of top N beams to trigger measurement reporting

In LTE, we have the following 6 Ax events defined for E-UTRA:

· Event A1:
Serving becomes better than absolute threshold;

· Event A2:
Serving becomes worse than absolute threshold;

· Event A3:
Neighbour becomes amount of offset better than PCell/ PSCell;

· Event A4:
Neighbour becomes better than absolute threshold;

· Event A5:
PCell/ PSCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

· Event A6:
Neighbour becomes amount of offset better than SCell.
However, in a beam measured environment, it is likely that the serving beam has a very strong signal even when there is a neighboring beam better than the serving beam. In this case, delaying handover event will not cause handover failure. On the other hand, delaying event triggering and handover may help with reducing measurement reporting. To do that, we can combine event A2 and event A3 (i.e. Serving becomes worse than absolute threshold and neighbor becomes amount of offset better than PCell/PSCell). If the serving cell signal is not good, event will trigger when a better cell is found. When the serving cell signal is good, measurement report will not trigger until the serving cell signal drops below a threshold. For example, network can configure serving cell threshold to -35dBm in figure 2. Then no event will be triggered until 4000ms and only one measurement report will be triggered. Therefore, adding this condition can reduce the measurement reporting overhead. 
Proposal 2: RAN2 to support all A1-A6 events for NR

Proposal 3: RAN2 to add event Ax: Serving becomes worse than absolute threshold and neighbor becomes amount of offset better than PCell/PSCell in NR Measurement reporting

What triggers the measurement reporting is described in section 2.2. In this section, we discuss what should be included in the measurement report to assist the network to decide what is the best cell for handover. The goal should be to reduce ping-pong and handover failure. In order for the network to know what is the best network transmit beam, the UE should include the best network beam in the measurement report so no additional beam sweep is required after the handover is completed. In order for the network to accurately know the channel condition of the best beam pairs and make an accurate handover decision, the UE should also include the measured signal of the best beam pair of the neighbouring cells in the measurement report. 

Proposal 3: Best beam (beam index and measurement quantity of the best beam) of the serving and the neighbouring cells should be included in the measurement report. 
Beside the best beam, , the top N beams information may also be helpful to the network to understand how overall each neighboring cells quality are, therefore, the top N beams value should be included in the measurement report.
Proposal 4: the top N beams value of the serving and the neighbouring cells should be included in the measurement report.
In addition to the challenge we had mentioned above, blockage is another characteristic in high frequency. When blockage happens within a cell, beam tracking or TRP switching will be helpful to provide continuous data communication with the UE. Therefore, cells with multiple good quality link can be evaluate as part of “best cell”. It is proposed that the number of good quality link in a cell should also be included in the measurement report so that the network can take this into account as the evaluation as the best cell. 

Observation 5: a cell having the larger number of good beams would be more beneficial in beams management when blockage happens
Proposal 5: the number of good beams exceed a configured threshold in a cell should also be included in the measurement report

3      Conclusion
Observation 1: RRM Measurement may need to consider beam tracking within the same TRP and TRP switching within a cell

Observation 2: High speed UE has a shorter handover region and lower speed UE has a longer handover region if the same handover threshold is assumed
Observation 3: Measurement report triggering and/or handover timing should take account of UE speed
Observation 4: Measurement event triggering should be enhanced to reduce measurement reporting triggering 

Observation 5: a cell having the larger number of good beams would be more beneficial in beams management when blockage happens
Proposal 1: RAN2 to consider to use averaging of top N beams to trigger measurement reporting

Proposal 2: RAN2 to support all A1-A6 events for NR

Proposal 3: RAN2 to add event Ax: Serving becomes worse than absolute threshold and neighbor becomes amount of offset better than PCell/PSCell in NR 

Proposal 4: the top N beams value of the serving and the neighbouring cells should be included in the measurement report.
Proposal 5: the number of good beams exceed a configured threshold in a cell should also be included in the measurement report
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