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[bookmark: _Ref178064866]In RAN2#95bis meeting, we made the following agreements regarding RRM measurements for DL-based NR mobility in RRC_CONNECTED mode.
	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



Furthermore, the following agreements were made in RAN2#96 for RRM measurement in connected active.
Agreements for connected active:
1: RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
a/ best beam, 
b/ N best beams, 
c/ all detected beams,
d/ beams above a threshold.
Other options are not precluded

According to the agreements, measurement results from multiple beams may be taken into account for handover decision in RRC_CONNECTED mode. In this contribution, we provide simulation results of mobility performance, in order to demonstrate the benefit of considering multiple beams for NR mobility in connected mode. For simplicity, we consider only intra-RAT mobility at this stage. Moreover, we noticed some RAN1-RAN2 terminology coordination issues about “beam”, and discuss them at the end of the contribution.
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Performance valuation
Following the agreements made in RAN2#96 meeting, we study the NR mobility performance of different cell quality derivation methods (Option a to d), by conducting system level simulations. The cell quality is derived after L1 filtering on each detectable beam, and then the derived value is fed into a single L3 filter.
1.1.1 Simulation settings
The mobility performance is usually evaluated in terms of handover failure (HoF) rate and Ping-Pong (PP) rate. Handover failure usually results from belated handover decision, and triggers RRC re-establishment. On the other hand, more aggressive handover decision leads to shorter time-of-stay (ToS) in a cell. When UE handovers back to the previous serving cell with ToS shorter than a given period, a PP event is recorded. Both HoF and PP events bring negative effects of increased signaling overhead and service interruption. The following simulation parameters are used in this paper.
Table 1.	Simulation assumptions
	Category
	Values

	Network scenario
	7 eNB, 3 sector/eNB, ISD = 200m, UE speed = 30 km/h

	Radio Link Monitor
	Qout = -8 dB, Qin = -6dB, T310 = 1s, N310=1

	Cell-level Handover
	A3 event with A3 offset = 2 dB, Hysteresis = 0 dB, time-to-trigger = 80ms
Handover preparation delay = 25ms, Handover execution time = 20ms
N-Best Beams: 1~3 beams
RSRP threshold for qualified beam = -90dB

	BS Beam Switching
	Hysteresis = 0.5 dB, Beam switching delay = 0ms

	measurement period
	40ms

	RSRP Layer 3 filtering
	Period = 200ms (i.e., 5 samples), Coefficient (k) = 1

	Blockage
	Blockage model A in [4]

	Evaluation
	MTS threshold (for Ping-Pong): 400ms



1.1.2 Cell quality represented by best beam
With Option a, the measurement result of the best beam (with highest RSRP) is used to represent the cell quality of a cell for NR mobility procedures. We consider different TTT and blockage effect. The simulation results of mobility performance are given in the table below.
Table 2.	Performance of NR mobility based on best beam
	Blockage
	TTT
	#HoF/UE/hr
	HoF Rate
	Cell-level PP Rate
	Avg. Cell ToS

	No
	80 ms
	20
	0.99%
	12.50%
	1797ms

	
	160 ms
	30
	1.49%
	14.11%
	1811ms

	Yes
	80 ms
	34
	1.75%
	12.15%
	1885ms

	
	160 ms
	36
	1.89%
	13.49%
	1927ms



Shorter TTT means more aggressive handover triggering. Choosing shorter TTT leads to a lower HoF rate with slightly shorter cell-level ToS. When blockage model is introduced, mobility robustness is degraded due to sudden signal attenuation. As expected, HoF rate increases significantly, while PP rate decreases slightly.
Observation 1:	Choosing shorter TTT leads to a lower HoF rate and slightly shorter cell-level ToS.
Observation 2:	Blockage effect results in higher HoF rate and slightly longer cell-level ToS.
When the cell quality is represented by the best beam, the HoF rate is generally acceptable. We are interested in the reasons of HoF. In LTE, HoF reason is dominated by UE being unable to receive handover command. The reasons of HoF in NR are shown in the table below.
Table 3.	Analysis of handover failure reasons for NR mobility based on best beam
	Blockage
	HoF Reason
	TTT=80ms
	TTT=160ms

	No
	UE out-of-sync
	10%
	6.67%

	
	MR Failure 
	10%
	6.67%

	
	Handover Command Failure
	80%
	80%

	
	Handover Complete Failure
	0%
	6.67%

	Yes
	UE out-of-sync
	5.89%
	5.56%

	
	MR Failure 
	11.76%
	0%

	
	Handover Command Failure
	82.36%
	88.89%

	
	Handover Complete Failure
	0%
	5.56%



In NR, the situation is similar, handover command failure is still the major cause of HoF.
Observation 3:	The major cause of NR handover failure is the failure in handover command delivery.
1.1.3 Cell quality derived from N best beams and all detected beams
Good mobility robustness (i.e. low HoF rate) is observed when NR mobility is based only on the best beam, even blockage effect is introduced. However, the PP rate is high (> 10%), which implies “impatient” handover decisions. By considering more beams in cell quality derivation, more careful handover decisions are expected. The mobility performance results considering different numbers of beams are shown in Table 4, where Nbeam is the number of beams (with highest RSRP values) considered, and “ALL” means that all detectable beams are considered in cell quality derivation. These results correspond to Option b and c in RAN2#96 agreements.
Table 4.	NR mobility performance considering multiple beams (TTT=80ms)
	Blockage
	Nbeam
	#HoF/UE/hr
	HoF Rate
	Cell-level PP Rate
	Avg. Cell ToS

	No
	1
	20
	0.99%
	12.50%
	1797ms

	
	2
	20
	1.23%
	10.21%
	2237ms

	
	3
	20
	1.44%
	8.04%
	2627ms

	
	ALL
	32
	2.60%
	5.18%
	2999ms

	Yes
	1
	34
	1.75%
	12.15%
	1885ms

	
	2
	30
	1.82%
	9.25%
	2218ms

	
	3
	32
	2.20%
	8.45%
	2534ms

	
	ALL
	24
	1.87%
	7.14%
	2857ms



It is observed that if only the best beam is considered in handover decision for each cell, the HoF rate is low, but PP rate is too high. When more beams are considered in cell evaluation, PP rate is significantly reduced (with corresponding cell-level ToS increase), while HoF rate rises slightly. If one or two extra beams are considered (Nbeam = 2 or 3), we have reasonable HoF rate and PP rate (HoF < 2% and PP < 10%). This reveals a trade-off between mobility robustness and RRC signaling overhead (due to handover procedure).
Observation 4:	Considering more beams in NR cell quality derivation reduces cell-level PP rate, at the cost of potentially higher HoF.
Moreover, although PP rate is low when all detectable beams are considered, the high HoF rate (> 2.5%) in non-blockage case means RRC signalling overhead and latency due to RRC reestablishment. This results from a too conservative handover decision.
Observation 5:	Considering all detectable beams in cell quality derivation may lead to a too conservative handover decision when there is no blockage.
When blockage is considered, however, considering all detected beams does reduce HoF rate. This is because a target cell with more “good beams” is preferred, when some beams are blocked during the handover procedure, there are still other beams to serve the UE, and therefore the link to target cell is less vulnerable to blockage effect.
Observation 6:	Considering all detectable beams in cell quality derivation improves mobility robustness when there is blockage.
Based on the performance evaluation results, we suggest allowing the cell quality to be derived from “N best beams” of a cell. Notice that this does not prohibit the network from configuring cell quality derivation based only on the best beam, nor does it preclude the case considering all detected beams. The purpose is to ensure mobility performance by taking multiple beams into account when necessary.
Proposal 1:	The cell quality is derived from the measurement results of “N best beams” of a cell.
There are different ways to derive a single cell quality value if measurement results from multiple beams are considered. Since UE is to be served by a single beam, we prefer to do simple averaging over the considered beams. No weighting is given since the configuration can be complicated. Notice that when comparing two cells in “dB”, the results of doing simple average and summation are the same, though the former possesses more reasonable physical meaning.
Proposal 2:	When multiple beams are considered, the cell quality can be derived by averaging the measurement results of these beams.
When the “N best beams” option is adopted for cell quality derivation, there may be some concern about how the “N” value is determined. Though the detail is up to network implementation, one method is to set N as estimated number of qualified or detected beams from serving cell for UEs at cell boundary. The network should anyway configure the number of beams involved in cell quality derivation so as to reach a more useful (PP rate, HoF rate) combination.
Proposal 3:	The network should configure the number of beams involved in cell quality derivation so as to reach a more useful (PP rate, HoF rate) combination.
1.1.4 Considering beams above a given threshold
The cell quality derivation methods agreed in RAN2#96 include Option d, considering “beams above a given threshold”. As discussed before, simply averaging the set of beams above a given threshold in each cell may lead to unfair comparison. We proposed “auxiliary measurement event” A3a in [4]. With event A3a, an event-driven measurement report is triggered if the neighbor cell is offset better than serving cell (i.e. A3 event), plus that the neighbor cell has more qualified beams than the serving cell. With a threshold of -80 dB, the mobility performance results are shown in table below.
Table 6.	NR mobility performance considering qualified beams (Nbeam=3, TTT=80ms)
	Blockage
	Event
	#HoF/UE/hr
	HoF Rate
	Cell-level PP Rate
	Avg. Cell ToS (ms)

	No
	A3
	20
	1.44%
	8.04%
	2627ms

	
	A3a
	18
	1.23%
	9.31%
	2495ms

	Yes
	A3
	32
	2.20%
	8.45%
	2534ms

	
	A3a
	28
	1.80%
	9.69%
	2355ms



The simulation results show that even the number of qualified beams is considered in measurement events, the trade-off between mobility robustness and stability still exists: the HoF is reduced at the cost of slightly increased PP rate. However, such an additional mechanism does allow the network to explore different operation points for UE mobility. Moreover, number of qualified beams may be useful in network with cells consisting of multiple TRPs.
Observation 7:	Considering number of beams above a given threshold in measurement events allows the network to explore different operation point for UE mobility.
Proposal 4:	Introduce auxiliary measurement events which take into account number of beams above a given threshold.
RAN1-RAN2 Terminology Coordination for RRM Measurement
In RAN1 NR AH1 meeting, the terminology issue has been mentioned during the discussions on RSRP measurement.
	· RSRP(s) can be measured from the IDLE mode RS. 
· [bookmark: _GoBack]One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility



Our understanding is that the RAN2 discussion about cell quality derivation based on “measurements from individual beams” caused some confusion in RAN1. From RAN1 perspective, the RSRP can be measured from RS in a SS block, and there is indeed some association between SS-block-RSRP and beam-quality if beam sweeping is applied. However, still depends on more detailed RAN1 RS design whether the measured SS-block-RSRP can be interpreted as the RSRP of a single beam in RRM measurement, or some additional RS is used instead. Our suggestion is that RAN2 keeps using “beam” related terminology for the time being, and adopt more precise descriptions once RAN1 completes the detailed RS design.
Proposal 5:	Regarding RRM measurement in multi-beam cases, RAN2 continues using “beam” related terminology for the time being, and adopts more precise descriptions once RAN1 completes the detailed RS design.
Conclusion
Through system level simulations, we have the following observations.
Observation 1:	Choosing shorter TTT leads to a lower HoF rate and slightly shorter cell-level ToS.
Observation 2:	Blockage effect results in higher HoF rate and slightly longer cell-level ToS.
Observation 3:	The major cause of NR handover failure is the failure in handover command delivery.
Observation 4:	Considering more beams in NR cell quality derivation reduces cell-level PP rate, at the cost of potentially higher HoF.
Observation 5:	Considering all detectable beams in cell quality derivation may lead to a too conservative handover decision.
Observation 6:	Considering all detectable beams in cell quality derivation improves mobility robustness when there is blockage.
Observation 7:	Considering number of beams above a given threshold in measurement events allows the network to explore different operation point for UE mobility.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	The cell quality is derived from the measurement results of “N best beams” of a cell.
Proposal 2:	When multiple beams are considered, the cell quality can be derived by averaging the measurement results of these beams.
Proposal 3:	The network should configure the number of beams involved in cell quality derivation so as to reach a more useful (PP rate, HoF rate) combination.
Proposal 4:	Introduce auxiliary measurement events which take into account number of beams above a given threshold.
Proposal 5:	Regarding RRM measurement in multi-beam cases, RAN2 continues using “beam” related terminology for the time being, and adopts more precise descriptions once RAN1 completes the detailed RS design.
Reference
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology
[2] R2-160092, Downlink Measurements for NR Mobility, MediaTek Inc.
[3] R2-168042, Cell Quality Derivation based on Measurements from Individual Beams, Samsung
[4] 3GPP TR 38.913,  Study on Scenarios and Requirements for Next Generation Access Technologies
[5] 3GPP TS 36.331, Radio Resource Control (RRC) Protocol specification, Release 13
6

