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	1: Concerning RRC driven UL-based connected mode mobility:
•For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.
•For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied
•Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.



While DL-based mobility is still supported, in connected active state, introducing UL measurement may assist the mobility decision and improve mobility performance in fast varying HF channels. In this contribution, we discuss UL-assisted mobility procedure in connected active state, i.e. handover procedure, in NR systems.
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We first review the DL-based procedure, and then explain the proposed procedure assisted by UL measurements.
DL-based handover procedure
The handover procedure based on DL measurements is depicted in the figure below


Figure 1	Handover procedure based on DL measurements in RRC active state
The DL-based handover procedure can be outlined as follows. The UE performs periodic DL measurements on serving and neighboring cells in the downlink. When measurement event triggering conditions (e.g. neighbor cell is offset better than serving cell) are met and a time-to-trigger (TTT) timer expires, UE sends an event-driven measurement report. According to the report, the serving gNB chooses and prepares a target cell, and then sends handover command (i.e. RRC connection reconfiguration with MobilityControlInfo). Finally, UE performs random access to the assigned target and complete the handover. 
One major concern of applying current DL-based handover procedure to NR is the robustness. Due to sudden fluctuation of wireless channel, handover command may not be delivered successfully to the UE after TTT expiry. This is the major cause of handover failure in LTE, and the situation is expected to be worse in NR using high frequency. To recover from handover failure, UE performs RRC re-establishment, which means service interruption and signaling overhead.
Observation 1:	Sudden change of channel quality degrades mobility performance in NR system.
UL-assisted active state mobility within a NR cell
In active state, UE transmit uplink signal such as sounding reference signal (SRS) estimate the uplink channel quality. Frequent measurement in the uplink can be performed without significant overhead. Moreover, when UE moves within a NR cell with multiple TRPs, UL signal can be used for TRP switching, and it helps reduce downlink measurements and PUCCH overhead since CSI reporting for neighboring TRPs can be less frequent. 
Observation 2: When UE moves within a NR cell, UL signal helps reduce DL measurements and PUCCH overhead since CSI reporting for neighboring TRPs can be less frequent.
Proposal 1:	For active UEs configured with UL signal, TRP switching within a NR cell based on UL measurement is supported.
Notice that the number of active UEs is relatively small, so the resulting overhead is acceptable even a piece of specific radio resource needs to be allocated for each UE. Therefore, a collision-free configuration which allows UE-specific uplink signal within a NR cell can be applied to ensure proper UL signal reception and successful TRP switching.
UL-assisted active state mobility across NR cells
When UE moves across the boundary of two NR cells, mobility procedure (i.e. handover) based purely on UL measurement requires UL signal reconfiguration and negotiation between serving and target NR cells, and seems not a practical mechanism. Nonetheless, uplink reference signal can be used to assist DL-based handover decision and improve mobility robustness in HF NR systems.
The key idea of such “UL-assisted, DL-based” handover is to decouple the measurement reporting and handover decision. In current procedure, the serving gNB makes handover decision and delivers handover command after measurement event triggering and reporting from the UE. With UL measurements, the handover decision can also be made based on UL measurement results. More specifically, the UE still transmits measurement reports containing neighboring cell information, but instead of waiting for the measurement event triggering and TTT expiry, the gNB may start the handover procedure (i.e. sends HO request to neighbor and handover command to UE) whenever it thinks handover is necessary, for example, when UL receive power falls below a given threshold. The detailed handover decision method is up to gNB implementation.
The proposed UL-assisted DL-based handover procedure is depicted in the figure blow.


Figure 2	UL-assisted handover procedure in RRC active state
Step-by-step explanation:
	0. The serving gNB sends uplink signaling configuration, including signal content, periodicity, etc.
1. UE sends periodic UL signal which is measured by serving gNB. UE may or may not be performing DL measurements
2. When the serving gNB finds downlink measurement results are needed (e.g., when UL RSRP falls below some threshold), it sends measurement report configuration to UE. 
3. Then UE reports downlink measurement results accordingly, including e.g. the best cell ID, the RSRP of serving and the best neighbor cell, etc. UE also transmits UL signal periodically according to previous configurations. The periods of measurement report and UL signal may be different.
4. When serving gNB finds a handover is needed, it sends handover request to target gNB via X2. 
5. The target gNB sends handover response to source gNB if the request is accepted.
6. The serving gNB sends handover command to UE, indicating the target gNB.
7. Finally, UE performs random access to the assigned target and complete the handover.



Proposal 2:	UL measurement can be configured to assist DL-based handover decision in connected active state.
The handover decision in Step 4 may be triggered by UL measurement results, some example of triggering conditions are as follows.
· The RSRP of a neighbor gNB is offset better than that of the serving gNB (i.e. A3 event of LTE).
· The uplink signal strength (RSRP/RSRQ) keeps below a pre-configured threshold for a given time duration, or it falls below a (even lower) pre-configured threshold.
The handover decision also includes target gNB selection (by the serving gNB), some examples are given as follows:
· Selecting the cell with highest best-beam RSRP/RSRQ.
· Selecting the cell with highest N-best-beam average RSRP/RSRQ.
· Among the cells whose corresponding TTT timers are running, selecting the cell with longest TTT timer value.
The details of handover decision depend on gNB implementation, and is highly related to the information carried by measurement report. Therefore, to apply the UL-assisted handover, RAN2 needs to study the content of measurement report. Current periodic measurement report may be applicable, but other information may also be useful.
Proposal 3:	When UL-assisted handover is configured, the handover decision depends on gNB implementation.
Proposal 4:	RAN2 to study the content of measurement report when UL-assisted handover is configured.
Performance evaluation is needed to study the potential benefits of UL assisted handover for UE in connected active state. Some preliminary results are provided in the Appendix, based on which we have the following observation and proposal.
Observation 3:	UL assistance helps the gNB detect sudden channel fluctuation, and deliver handover command before receiving (belated) event-driven measurement report from UE.
Proposal 5:	RAN2 to study the potential benefits of UL-assisted handover for UE in connected active state, via performance evaluation.
Notice that UL measurement may have been involved in the handover decision of current gNBs, as a proprietary solution. The proposals here aim at introducing standardized configurations and procedures of UL-assisted handover. Also, there may be concerns on the accuracy of UL measurements, and we address this issue in RAN1 contribution [1].
Conclusion
We have the following observations:
Observation 1:	Sudden change of channel quality degrades mobility performance in NR system.
Observation 2: When UE moves within a NR cell, UL signal helps reduce DL measurements and PUCCH overhead since CSI reporting for neighboring TRPs can be less frequent.
Observation 3:	UL assistance helps the gNB detect sudden channel fluctuation, and deliver handover command before receiving (belated) event-driven measurement report from UE.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For active UEs configured with UL signal, TRP switching within a NR cell based on UL measurement is supported.
Proposal 2:	UL measurement can be configured to assist DL-based handover decision in connected active state.
Proposal 3:	When UL assisted handover is configured, the handover decision depends on gNB implementation.
Proposal 4:	RAN2 to study the content of measurement report when UL-assisted handover is configured.
Proposal 5:	RAN2 to study the potential benefits of UL-assisted handover for UE in connected active state, via performance evaluation.
Appendix: Performance evaluation of UL-assisted handover
0. Simulation Settings
The performance evaluation is based on the channel model in 3GPP TR 38.900 [2], and the following simulation parameters are used in this paper.
Table 1.	Simulation assumptions
	Category
	Values

	Deployment scenario
	7 gNB, 3 sector/gNB, ISD = 200m, carrier frequency = 28GHz

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

	Cell-level Handover
	UE speed = 30 km/h
A3 event with A3 offset = 2 dB, Hysteresis = 0 dB
time-to-trigger (TTT) = 80ms or 160ms
Handover preparation delay = 25ms, Handover execution time = 20ms
N-Best Beams: 2 or 3 beams
RSRP threshold for qualified beam = -90dB

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

	RSRP Layer 3 filtering
	Period = 80ms, Coefficient (k) = 1

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



Simulation Results
To show the effect of measuring multiple beams on mobility performance, we conduct a preliminary system level simulation. For different number of beams (nBestBeam, please refer to [3] for more details) considered, the simulation results of are given in the tables below.

nBestBeam = 2
	TTT / UL-assisted
	80ms / N
	80ms / Y
	160ms / N
	160ms / Y

	HoF Rate
	1.60%
	1.56%
	3.14%
	1.75%

	Cell-level ToS
	1951ms
	1901ms
	3889ms
	3565ms

	Cell-level PP rate
	12.70%
	13.33%
	2.69%
	3.57%



nBestBeam = 3
	TTT / UL-assisted
	80ms / N
	80ms / Y
	160ms / N
	160ms / Y

	HoF Rate
	1.95%
	1.91%
	3.97%
	2.52%

	Cell-level ToS
	2387ms
	2331ms
	4134ms
	3867ms

	Cell-level PP rate
	6.37%
	7.00%
	0.7%
	1.29%



Usually there is a trade-off between Ping-Pong effect and handover failure and Ping-Pong effect: A more aggressive handover (e.g. with shorter TTT) leads to lower handover failure rate at the expense of higher Ping-Pong rate. To achieve an acceptable HoF rate (2%) using DL-based handover without UL assistance, we need a short TTT (80ms), which results in a PP rate over 10% when nBestBeam = 2. Taking one more beam into consideration (nBestBeam = 3) helps reduce the Ping-Pong rate (as discussed in [3]), but the value is still above 6%. 
When UL assistance is introduced, no significant improvement is observed in short TTT (80ms) case. However, in long TTT (160ms) case, the HoF rate is noticeably reduced, and the Ping-Pong rate is kept low (<5%). In other words, UL assistance helps the gNB detect sudden channel fluctuation, and deliver handover command before receiving (belated) event-driven measurement report from UE. In this way, UE is allowed to be configured with a longer TTT and enjoys lower Ping-Pong rate, and not to worry about handover failures.
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