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[bookmark: _Ref178064866]It was proposed in several papers in previous meeting to apply uplink (UL) measurement to mobility in NR networks. By sending uplink signals for UE mobility tracking, simulation results show improved energy efficient mobility in NR [1]. In this contribution, we discuss the details and potential concerns on the proposed UL measurement based mobility procedures in NR systems.
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Here we discuss the details of UL beacon based mobility, in terms of both DL and UL operations.
DL Operations 
1.1.1 DL measurements, without UL beacon
In current system, without UL beacon, the UE 
· Measurement: The UE measures on known cells and uses the measurements for evaluation.
· Detection: The UE regularly performs cell search on the serving frequency (search for all cells), and on other frequencies (search for all cells on indicated/listed frequencies). The frequency of these searches are today based on 36.133 requirements for cell detection. If the UE serving cell signal strength > S threshold, search and measure does not need to be done. This operation may take some time and consume some power. 
· System Information acquisition: Currently reading of SI, MIB and SIB1, is required when the cell is evaluated to be the best one, i.e. immediately before cell reselection, but can also be done by the UE earlier based on implementation.


Figure 1	Signaling and power consumption timeline for downlink based mobility procedure in RRC inactive state
[bookmark: _GoBack]Notice that although a UE needs to perform more measurements when multiple beams are considered, RRM measurements in the downlink may be performed only within a narrower bandwidth (e.g., 5MHz), instead of the whole 20MHz or even 200 MHz band. Also, downlink measurement can be based on dedicated reference signal to speed up the evaluation. In this way, power consumption can be significantly reduced. 
Proposal 1:	RRM measurements in downlink may be performed only within a narrower bandwidth instead of full band, so as to save power.
1.1.2 DL operations with UL beacon
Also with UL based mobility, the UE would need to read SI from the strongest cell, preferably at the beginning of/before camping for PLMN selection, applying camping restrictions, and possibly reading of Beacon area information to understand whether to trigger Beacon reconfiguration or not. Thus, the three DL operations need to be taken also for the UL based mobility. However, they may be performed less frequently.
Observation 1:	The major DL operations (detection, measurement, and SI inquiry) may need to be taken also for the UL based mobility. However, they may be performed less frequently.
Notice that the beacon configuration provided by the network, via PHY, MAC, or RRC signaling.  Configuration by lower layer signaling requires a shorter downlink activity period for reception.



Figure 2	Signaling and power consumption timeline for uplink based mobility procedure in RRC inactive state
UL based mobility
1.1.3 General uncertainties of beacon designs
The signal design needs work. We have the following concerns on the beacon design. There seems to be two options.
Option 1: UE is identified by beacon location. Each UE transmits its beacon at preconfigured radio resource (time, frequency, beam, orthogonal code), i.e., similar to the sounding reference signal (SRS) in LTE. The configuration is done by a small group of ideally coordinated eNBs for all UEs served by them. The group of eNBs can be referred to as a cell with single or multiple TRPs, or a so-called hyper-cell.
· Scalability issue: To avoid collision, different resources need to be allocated for different UEs. If say 50,000 UEs are assumed in each cell, the overhead is not negligible, and the situation get even worse if more eNBs are coordinated. Fortunately, if only a small portion of UEs are configured with this kind of UL measurement, the system may still work. To mitigate overhead, the beacon size should not be too large (SRS-occupying one OFDM symbol like SRS can be a good choice), but this further reduces the number of supported UEs.
Option 2: UE is identified by tracking signal containing a beacon ID which is unique within a coordinated area. The coordinated area is expected to include multiple NR cells. For example, it may be similar to a RAN-based paging area. 
· Collision: With this option, a UE may transmit its beacon in any beacon interval. When two or more UEs send beacons simultaneously, collision happens. Collision can be resolved by e.g., orthogonal codes, as long as there are not too many UEs using UL measurements.
· Beacon range and reconfiguration: The range of the beacon ID needs to be sufficient, so as to make sure that the beacon ID is unique within one coordinated area. The UE would need to trigger UE beacon reconfiguration, as the eNB at a border of a coordinated area can hardly know which UE transmits a certain beacon, if the UE has been configured by another eNB.
The discussions above show that with either option, UL measurement can be a feasible solution for NR mobility if only a small portion of UEs are configured with UL measurement. Therefore, the UL measurement should be considered as a complimentary solution to NR mobility, while the downlink measurements should be kept mandatory (which is also RAN1 agreement made in RAN1#86 meeting). 
Proposal 2:	UL measurement, if adopted in NR mobility, should be considered as a complementary solution, and the downlink measurements should be kept mandatory.
1.1.4 Measurements and beacon design for different states
We now discuss the choice of UL beacon designs for UE in different states.
Active state
In active state, frequent measurement is performed to avoid service interruption, and a collision-free configuration is needed to ensure proper beacon reception and successful TRP switching. Therefore, Beacon at UE-specific location (Option 1) is suitable for UEs in active mode. Notice the number of UEs is relatively small so the resulting overhead is acceptable even a piece of specific radio resource needs to be allocated for each UE. Also, UE in active mode transmits SRS for the TRP to estimate the uplink channel quality, and the SRS can be considered as UL beacon. Due to the configuration, the UL beacon can only be used for UE switching between TRPs within a NR cell, which may consist of one or multiple TRPs. 
Proposal 3:	For active UEs configured with UL beacon based mobility procedures, UL beacon is used for TRP switching within a NR cell, and each UE is identified by beacon location. 
When UE moves within a NR cell, UL beacon 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 beacon helps reduce downlink measurements and PUCCH overhead since CSI reporting for neighboring TRPs can be largely reduced.
However, when UE moves across the boundary of two NR cells, handover based on UL beacon requires beacon reconfiguration and negotiation between serving and target NR cells. Handover based on downlink measurements seems a simpler choice.
Observation 3:	Handover between different NR cells, if based on UL beacon, requires beacon reconfiguration and negotiation between cells. 
Proposal 4:	RAN2 to study inter NR cell handover procedures based on UL beacon and DL measurements.
Inactive state
In inactive state, mobility means UE tracking, which is done by paging (RAN-based or tracking area based). Alternatively, it can be done by UL measurement if UL beacon is transmitted. At least in some specific deployment scenario (e.g., high speed train), UL beacon based mobility procedure has some advantages such as mitigated missed paging problem. Moreover, most UEs in a network are in inactive/idle state for UEs in inactive state, and beacon with UE-specific ID (Option 2) allows a larger coordinated area and more considered UEs since UE-specific beacon location is not required. The potential drawback of beacon collision is acceptable since beacon is transmitted more infrequently in inactive state. Therefore, Option 2 is suitable for inactive UEs configured with UL beacon based mobility procedure. 
Proposal 5:	For inactive UEs configured with UL beacon based mobility procedures, UE tracking within a coordinated area is based on beacon with UE-specific ID.
Similar to active UE, UL beacon based mobility is applicable within the coordinated area. With UL beacon, network can track the UE within coordinated area, and (RAN-based) paging message sent from all cells of the paging area may be replace with a dedicated wakeup signal sent from the cell UE camps on. In this case, UE wakeup timing must be accurate enough to receive the wakeup signal.
Proposal 6:	(RAN-based) Paging can be replace with dedicated wakeup signal if UL beacon is used for UE tracking within a coordinated area.
For UEs moving out of the coordinated area, UE tracking based on UL beacon requires beacon reconfiguration and negotiation between coordinated areas. UE tracking may also rely on DL measurements, as a simpler approach.
Observation 4:	UE tracking across coordinated areas, if based on UL beacon, requires beacon reconfiguration and negotiation between coordinated areas.
Proposal 7:	RAN2 to study UE tracking across coordinated areas, based on UL beacon and DL measurements.
For both active and inactive states, further study is required to determine the conditions of using UL beacon based and DL measurement based mobility procedures, respectively.
Proposal 8:	RAN2 to study suitable use cases to apply UL beacon-based and DL measurement-based mobility procedures, respectively, in NR networks. 
Idle mode
In idle mode, UE context is not available in eNB, and therefore no UL beacon can be configured. As a result, idle mode cell reselection in idle mode can only be based on DL measurement, as in LTE.
Proposal 9:	Idle mode NR cell reselection is based DL measurements.
1.1.5 Other concerns
There are also some RAN1-related concerns. For example, the beacon shall be operated without UL time alignment as the UE moves within a cell. To support uplink based mobility in NR, we may also need additional uplink physical channels for UL beacons, and downlink physical channels for wakeup signal and NW responses.
Proposal 10:	The details of beacon and physical channel design for UL based mobility are RAN1 dependent.
Conclusion
We have the following observations:
Observation 1:	The major downlink operations (detection, measurement and SI inquiry) need to be taken also for the UL based mobility. However, they may be performed less frequently.
Observation 2: When UE moves within a NR cell, UL beacon helps reduce downlink measurements and PUCCH overhead since CSI reporting for neighboring TRPs can be largely reduced.
Observation 3:	Handover between different NR cells, if based on UL beacon, requires beacon reconfiguration and negotiation between cells. 
Observation 4:	UE tracking across coordinated areas, if based on UL beacon, requires beacon reconfiguration and negotiation between coordinated areas.

It is proposed to discuss and decide on the following proposals:
Proposal 1:	RRM measurements in downlink may be performed only within a narrower bandwidth instead of full band, and based on dedicated reference signal, so as to save power.
Proposal 2:	UL measurement, if adopted in NR mobility, should be considered as a complementary solution, and the downlink measurements should be kept mandatory.
Proposal 3:	For active UEs configured with UL beacon based mobility procedures, UL beacon is used for TRP switching within a NR cell, and each UE is identified by beacon location. 
Proposal 4:	Handover between different NR cells, if based on UL beacon, requires beacon reconfiguration and negotiation between cells. Handover may also rely on DL measurements.
Proposal 5:	For inactive UEs configured with UL beacon based mobility procedures, UE tracking within a coordinated area is based on beacon with UE-specific ID.
Proposal 6:	(RAN-based) Paging can be replace with dedicated wakeup signal if UL beacon is used for UE tracking within a coordinated area.
Proposal 7:	RAN2 to study UE tracking across coordinated areas, based on UL beacon and DL measurements.
Proposal 8:	RAN2 to study suitable use cases to apply UL beacon based and DL measurement based mobility procedures, respectively, in NR networks. 
Proposal 9:	Idle mode NR cell reselection is based DL measurements.
Proposal 10:	The details of beacon and physical channel design for UL based mobility are RAN1 dependent.
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