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Introduction
In the last RAN2 meetings, two-level mobility management has been agreed. However, the related measurements have not been discussed yet. In this contribution, we will touch the measurement mechanism for mobility management and propose the new role of uplink measurement in NR.
Uplink Measurement
Motivation
As it is known, DL-measurement-based mobility management (DMM) is applied in LTE. UE in connected mode measures the DL reference signals and reports the result to eNB and then eNB will decide to handover it or not. UE in idle mode also measures the DL reference signals and decide whether or not to perform cell (re-)selection based on comparison of the results and the thresholds configured by network.
However, for NR, the situation is changed. If two level mobility is introduced, the low-level mobility will handle the change of beams and (or) TRPs. From our perspective, DMM is not proper for this level management. It is expected in NR, to meet the ever increasing traffic demand, and with higher frequency used, dense network scenario will become popular. Large amount of network TRPs or beams come into existence. By DMM, there would be large amount of reference signalling broadcast from dense TRPs or beams for the purpose of measurement. Since number of signal patterns is limited, interference among signals of neighbouring TRPs or beams would increase. This makes it difficult for UE to detect TRPs or beams. In addition, such amount of reference signals will also bring burden to UE detection and calculation procedure.
Observation 1: In the deployment scenario of dense TRPs or beams, downlink measurement based TRP or Beam changing will bring severe burden to reference signals transmission, detection and calculation.
[bookmark: _Toc450916568]On the other side, regarding uplink-measurement-based mobility management (UMM), given that the network nodes are adequately synchronized and the uplink reference signal is well-designed, one shot of uplink reference signal transmission can often be received by several network nodes, especially in dense network scenario, which will reduce the signalling overhead significantly. Furthermore, the detection and calculation will be performed in network side. The measurements from several nodes can then be compared in the network and used together to make an educated decision about nodes selection. Number of uplink measurement transmissions is proportional to number of users and frequencies.
Observation 2: UMM can significantly reduce signalling overhead over air interface and the burden of detection and calculation of UE in the scenario of dense TRPs/beams deployed.
In addition, the miniaturized stations for small coverage areas are being more alike to user terminals. This makes downlink and uplink systems more reciprocal, especially for the TDD dominated new spectrum in NR [1]. As a result, downlink quality estimation by UMM becomes quite natural.
Observation 3: UMM fits well with reciprocal properties of dense NR networks.
According to the above observations, it is concluded that UMM is a promising option in NR, especially for dense network scenarios.
Proposal 1: Uplink measurement based mobility management should be introduced at least for dense network scenario.
Possible Procedure
As a starting point, the figure below illustrates the architecture and procedure to support UMM:





Figure 1 Architecture and procedure to support UMM
In the figure, Mobility Decision Function (MDF) is a logical function, which can be located in TRP or upper control unit.
1. UE connects to source TRP
2. MDF configures UL reference signal to UE for measurement and informs the configuration to related TRPs
3. TRPs detect UL signals
4. TRPs send the UL measurement reports back to MDF
5. MDF makes mobility decision
6. Mobility decision is delivered to source TRP, and possibly target TRP
7. Mobility decision is delivered to UE via signalling connection to source TRP
Measurement Flexibility between DMM and UMM
Based on analysis in Chapter 2.1 and also contributions from [1][2][3], the pros and cons of DMM and UMM are summarized and compared in the following table:
Table I Comparison of downlink and uplink measurement
	
	DMM
	UMM

	DL Link Quality 
	Yes
	For the reciprocal system, Yes

	UL Link Quality
	For the reciprocal system, Yes
	Yes

	Measurement Feedback Cost
	UE sending measurement reports over air interface
	Instead of reporting, UE needs to transmit UL reference signal

	Measurement complexity
	All signals measured by a single UE, including detection and calculation
	Single UL signal measured by many receivers from network side

	Power Saving Mode Support
	Potential frequent downlink measurements and feedbacks even for power saving UEs [2]
	Reduced measurements and feedback for power saving UEs [2]

	Dense Network Support
	Large signalling overhead and degraded mobility performance
	Reduced signalling over the air interface, and potential mobility performance improvement

	Dense User Support
	Limited measurement signal even with high user density
	Vast signalling overhead



From above table, it can be seen that DMM guarantees accurate downlink link quality and works well for scenario of large numbers of UEs in a cell. In contrast, UMM does well in guaranteeing uplink link quality and it seems more ideal to support dense network and power saving UE.
The above observation indicates that an optimal mobility measurement approach can be either DMM or UMM, depending on network and traffic scenarios. They complement each other. In circumstances, e.g. when the scenario is switched from user density to network density, dominant mobility measurement may be switched from DMM to UMM, and vice versa.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: Coexistence and flexible usage of DMM and UMM should be studied.
Conclusions
In this paper, we discuss the merits and disadvantages of DMM and UMM. We propose:
Observation 1: In the deployment scenario of dense TRPs, downlink measurement based TRP or Beam changing will bring severe burden to reference signals transmission, detection and calculation.
Observation 2: UMM can significantly reduce signalling overhead over air interface and the burden of detection and calculation of UE in the scenario of dense TRPs deployed. 
Observation 3: UMM fits well with reciprocal properties of dense NR networks.
Proposal 1: Uplink measurement based mobility management should be introduced at least for dense network scenario.
Proposal 2: Coexistence and flexible usage of DMM and UMM should be studied.
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