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1. Introduction

In last RAN plenary #75, the study item of New Radio was completed and a new work item was approved in [1]. The outcome of the study item from RAN4 was documented in TR38.803. RRM related issues are summarized in section 9, which consist of mobility, beam management, timing, power consumption and measurement. 
In this contribution, some consideration on mobility in NR and E-UTRA is provided.

2. Mobility in LTE
Currently, both UE based mobility and network controlled mobility are supported in LTE. Corresponding RRM requirements are documented in TS36.133, including mobility related requirements in both RRC_IDLE and RRC_CONNECTED state. In this section, brief summary of them is provided in this section.
2.1. RRC_IDLE

UE based mobility is supported in RRC_IDLE state in the form of cell re-selection. RRC connection is not involved during the procedure. Specific cell re-selection methods are captured in TS36.304, including cell re-selection based on ranking, priorities and etc.
From RRM perspective, the associated cell re-selection requirements are specified in TS36.133 section 4, including:

1) Measurement and evaluation of serving cell

According to TS36.304, network will inform UE with the priorities and limitations of neighbor cells/frequencies in system information. Usually UE will follow this instruction in neighbour cells/frequencies RRM measurements. Unless the serving cell quality is poor, i.e. cell selection criterion is fulfilled any more, UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities. This is covered by TS36.133, so is the measurement periods when configured with different DRX cycles.
As for NR, we believe some similar approach is promising. From UE power consumption point of view, we shall try to avoid the unnecessary measurement as much as possible. It can be assumed that most of the time the serving gNB could have the knowledge of the ID, frequencies/bands and some other information of neighbor cells. All of these can be sent to UE. Thus UE may only need to focus on these frequencies. Similarly, UE should also be allowed to increase measurement activity when serving cell is becoming poor for robustness. However, that is something more related to RAN2. From RRM aspect, requirements could be developed once the procedure is finalized in RAN2.
2) Measurement and evaluation of neighbor cells
Actually, there are different sub-clauses in TS36.133 for measurement and evaluation of neighbor cells, including measurement of intra-frequency E-UTRAN cells, inter-frequency E-UTRAN cells and inter-RAT cells. The associated RRM requirements were developed based on the cell re-selection methods in TS36.304. Both ranking based and priorities based cell re-selection are covered in TS36.133. Corresponding RRM requirement consist of cell detection time, measurement period, evaluation period, cell re-selection margin and etc.
Since it was agreed in the SI phase in RAN2 that the cell re-selection methods in TS36.304 are also applicable for NR, it is most likely that the existing cell re-selection RRM requirements framework could be reused. 
2.2. RRC_CONNECTED

In TS36.133, connected mode mobility related RRM requirements consist of following aspects: handover, RRC connection release with redirection, random access and RRC re-establishment. 

The handover in LTE is dealt with RRC and it is not a lossless procedure. Thus in RRM the requirement regarding handover mainly define the maximum allowed interruption time to protect the system performance. More specifically, the total interruption time consist of cell detection time (Tsearch), uncertainty in acquiring the first available PRACH occasion (TIU) and additional UE processing time. 

The first part Tsearch is needed when UE is commanded to handover to an unknown cell. UE need to obtain the timing information before it could access the target cell. The second part TIU is up to 30ms based on the PRACH configuration. Note that all of these highly depend on the handover procedure defined in RAN2. 

As for NR, if blind handover is to be supported, UE should be allowed with some time to acquire the timing of target cell, regardless in DL or UL based handover. Meanwhile, if communication with source cell is supported during target cell detection (similar with Make-Before-Break handover in LTE), there might not be interruption. 

For RRC connection release with redirection, random access and RRC re-establishment, the associated RRM requirements are also procedures dependent. As for NR, these procedure dependent RRM work are expected to start when RAN1/2 design become more stable.

3. Mobility in NR

In this section we discuss the mobility in NR from RRM perspective according to following aspects: intra NR mobility, inter-RAT mobility and dual connectivity between LTE and NR.
3.1. Intra NR mobility

Similar with LTE, both UE based mobility and network controlled mobility are supported in NR. 

· UE based mobility

Cell re-selection is agreed as the UE based mobility supported in both RRC_IDLE and RRC_INACTIVE state according to [3]. From procedure point of view, network is involved during cell re-selection. In the SI phase, it was agreed that the following cell reselection methods as specified in TS 36.304 are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:

	-
Intra-frequency reselection is based on ranking of cells.

-
Inter-frequency reselection is based on absolute priorities.

-
Inter-RAT reselection can be also based on absolute priorities.

-
Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;

-
Service specific prioritisation;

NOTE 1:
For NR, it is FFS for which services the service specific prioritisation is applied and how it could be applied for the case of network slices.

-
A concept of neighbour cell lists and black cell lists;

-
Speed dependent cell reselection.


Thus it is most likely that existing cell re-selection requirements framework could be reused when developing associated requirements in NR. 

Take the ranking based intra-frequency cell re-selection for example, when camping on a NR cell, UE also needs to evaluate serving cell’s quality, as well as perform measurement on neighbour cells from time to time in order to camp on the best cell. For example, UE might perform measurement on serving/neighbour cells when it wakes up on certain paging occasion. For power saving and robustness, UE might average several measurement samples before it makes the decision on cell re-selection. Before UE performs measurement on neighbour cells, UE needs to identify them first. The requirements on cell identification and measurement period actually is a trade-off between UE power consumption and mobility performance. 
Most likely, there may be diverse cell re-selection requirements for different use cases, e.g. eMBB, URLLC and mMTC, just like what we have in LTE. More specifically, we have different cell re-selection requirements for regular UE, machine type UE and high speed UE. Some of them mainly focus on power consumption. Whilst, some of them aim to maintain extreme low latency and high reliability.
Observation 1: existing cell re-selection RRM requirements framework in TS36.133 can be used as baseline when developing intra-NR cell re-selection requirements.

Observation 2: diverse cell re-selection requirements for different use cases may need to be studied.
· Network controlled mobility

Network controlled mobility is applied for the UE in RRC_CONNECTED and is dealt with or without RRC. The RRC driven mobility is responsible for the cell level mobility, i.e. handover. It was agreed in SI phase that handover signalling procedures adopt the same principle as Rel-13 LTE as specified in TS 36.300. More specifically, for inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 10.1.2-1 in [3]:
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Figure 10.1.2-1:
Inter-gNB handover procedures (from TR38.804)
	1
The source gNB initiates handover and issues a Handover Request over the Xn interface.

2
The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.

3
The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.

4
The UE moves the RRC connection to the target gNB and replies the Handover Complete.


Obviously, the procedures above are not complete. According to RAN1/2 agreements, at least DL based mobility is supported. However, UL based mobility is not excluded.
Typically, DL mobility handover is triggered by UE. Firstly UE should be configured by serving cell with certain measurement object(s) and handover event. Secondly UE will perform measurement on certain downlink signals from both serving and neighbour cells according to the measurement object(s). Once the event is fulfilled, UE will trigger measurement report to network and then network can control the rest of the handover.
As for DL mobility in NR, we think similar approach in LTE is quite promising at least for low frequency band scenario without beamforming. It was agreed in RAN1 #88 that for CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS, which at least contain NR secondary synchronization signal (NR-SSS).:
	R1-1703833
DL RS for layer 3 mobility
Huawei

Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
R1-1703996
WF on Additional RS for Mobility
AT&T, Huawei, HiSilicon, Intel, LGE

Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS

· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead

· Detection of neighbor cell for measurement is based on NR-SS


Observation 3: UE may achieve better measurement performance in CONNECTED mode with additional signal(s) for measurement, compared with IDLE mode.
One thing we should keep in mind is that NR-SSS is an always on signal whilst CSI-RS from neighbor cell is not. And UE should not use different signals when comparing the quality of serving and neighbor cells, i.e. UE should not compare the measurement results of NR-SSS and CSI-RS from serving cell with the measurement results of NR-SSS from neighbor cells. In order to harvest the gain of additional CSI-RS in mobility measurement, neighbor cell should provide CSI-RS for the UE. Furthermore, the UE is expected to be informed with the CSI-RS information of neighbor cells, e.g. sequence ID, time and frequency location, and etc. 

However, we think there is still some possibility that network couldn’t indicate the UE with this CSI-RS information from neighbor cell for some reason. Therefore UE has to perform measurement only on NR-SSS from neighbor cell. Since NR-SSS is the only choice for mobility measurement in this case, the measurement of serving should also bases on only NR-SSS.
In RRM we usually focus on the worst scenario and define the minimum requirements. Since there could be the case that only NR-SSS and other potential always on signal (e.g. DM-RS for PBCH) is/are applicable for neighbour cell measurement, it’s proposed that RRM mobility requirements based on only always on signal(s) should be investigated.
In order to improve measurement accuracy and facilitate the handover procedure, network will indicate UE with when and where there is CSI-RS and/or other non-always on signals that could be used for measurement if possible. In this case, only developing minimum requirements based on always on signal(s) may not be enough to meet the high demand in latency and reliability in specific scenarios, e.g. high speed scenarios. Therefore, it is also worthy to study mobility requirements based on both always on and non-always on signals. Similar with SCE in LTE, if network configures CSI-RS measurement for the UE, then UE will perform measurement on CSI-RS and make handover decision on CSI-RSRP. Otherwise UE will perform measurement on CRS by default.
Proposal 1: RAN4 may consider investigating different RRM measurement and mobility requirements based on different RS. Considering the worst case, requirements based on only NR-SSS should be studied.

3.2. Inter-RAT mobility

In TR38.804 section 10.2, figure 10.2-2 illustrates an overview of UE state machine and state transitions in NR as well as the mobility procedures supported between NR and E-UTRAN at least for the case where E-UTRAN is connected to EPC.
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Figure 10.2-2:
UE state machine and state transitions between NR and E-UTRAN (from TR38.804)

It can be observed above that mobility between E-UTRA and NR in both RRC IDLE and RRC CONNECTED are supported. From RRM aspect, corresponding requirements are necessary to guarantee the mobility performance.
1) From E-UTRA to NR
Corresponding RRM requirements should be specified in TS36.133 so the UE whose serving is an E-UTRA cell can re-select or handover to a NR neighbor cell correctly. From specification perspective, the following requirements are proposed to be introduced in TS36.133:
· inter-RAT cell re-selection to NR

· inter-RAT handover to NR

· inter-RAT measurement for NR

The detailed requirements should be based on the NR signal characteristics and procedure design, e.g. for inter-RAT measurement of NR in connected mode, how many gaps are needed and how long the UE should be allowed for a NR cell detection. 
Proposal 2: requirements of inter-RAT mobility from E-UTRA to NR need to be introduced in TS36.133.

2) From NR to E-UTRA
These part of requirements are expected to be introduced in NR RRM specification. 
· In RRC IDLE and INACTIVE state

Since the cell re-selection method in TS36.304 are applicable for both E-UTRA and NR, it can be foreseen that the requirement framework in existing TS36.133 can be used as baseline. Note that UE under NR could be configured with different DRX cycles especially in INACTIVE state, which may have impact on the RRM requirement.
· In RRC CONNECTED state

From RRM measurement point of view, UE measurement period, accuracy and cell identification delay for an E-UTRA cell have been extensively studied since Release 8. It is recommended the fruitful outcome can be reused as the inter-RAT measurement requirements for E-UTRA in NR. 
As for the requirement of handover from NR to E-UTRA, that may depend on NR handover procedure design. As analyzed in section 2.2, the definition handover delay and interruption time should be investigated once we have stable input from RAN1/2.

Proposal 3: existing measurement requirements for E-UTRA in TS36.133 can be used as baseline when developing inter-RAT E-UTRA measurement requirements in NR.

3.3. Dual connectivity between EUTRA and NR:
According to [1], several options of dual connectivity are supported for E-UTRA and NR. The master connectivity (PCell) could be either E-UTRA or NR:
1) E-UTRA is the master: 
Most likely this could be one of the first commercialized scenarios for NR. In this scenario all the mobility related functionalities are held at E-UTRA. The NR carrier can be deemed as the secondary carrier. Similar with SCell and PSCell management in E-UTRA CA and DC scenarios, NR carrier(s) management, e.g. addition/release/activation/deactivation and etc., needs to be introduced. From RRM perspective, corresponding requirements are necessary in order to harvest the significant gain of NR. 

Just like PSCell/SCell measurement, UE will perform measurement on certain NR carrier(s) for the purposes of NR carrier(s) management. The measurement here refer to the new inter-RAT measurement. The work on detailed requirements, e.g. measurement period, accuracy, reporting criteria and interruption are still pending more RAN1 and RAN2 input. Anyway it could not be covered existing DC requirement in TS36.133. 
2) NR is the master: 
In this case the mobility related functionalities are held at NR and E-UTRA would work as PSCell. UE will perform measurement on E-UTRA carrier for the purpose of PSCell management, e.g. addition/release/activation/deactivation and etc. Since corresponding requirements depending on E-UTRA signal characteristics have already been developed and documented in TS36.133, it’s natural that PSCell measurement related requirements can be reused in NR-E-UTRA dual connectivity.
The summary of section 3.1 can be found in Table 1.
Table 1 Dual connectivity RRM requirements

	Dual connectivity RRM requirements

	Dual connectivity types
	PCell
	PSCell
	PSCell management RRM Requirements
	Comment

	LTE dual connectivity
	E-UTRA
	E-UTRA
	Specified in E-UTRA RRM specification (TS36.133)
	Including intra/inter frequency measurement, interruption, PSCell addition/release and etc.

	EUTRA-NR 
	E-UTRA
	NR
	Opt1 (preferred): To be specified in E-UTRA RRM specification (TS36.133)
Opt2: To be specified in NR RRM specification (TS38.133)
	Requirements which depend on NR signal characteristics are FFS

	NR-EUTRA
	NR
	E-UTRA
	To be specified in NR RRM specification (TS38.133)
	PSCell measurement related requirements in TS36.133 can be reused.


In fact, besides content in Table 1 there are also other RRM requirements developed for dual connectivity in E-UTRA, e.g., interruptions, cell phase synchronization accuracy, maximum receive/transmission timing difference, SSTD and etc. All of these requirements are also need to be studied in NR-E-UTRA dual connectivity in future. In this contribution we mainly focus on RRM measurement. 
For EUTRA-NR dual connectivity, since PCell is an E-UTRA cell and UE follow all the E-UTRA RRM mobility requirements, it’s preferred to capture NR PSCell management requirements in TS36.133 (yellow highlight).
For NR- EUTRA dual connectivity, since PCell is an NR cell and UE follow all the NR RRM mobility requirements, it’s natural to specify PSCell management requirements in NR RRM specification. Fortunately, it’s likely that existing PSCell measurement related requirements in TS36.133 can be reused.
Based on the analysis in section 3.3, here we propose:
Proposal 4: requirements for NR PSCell management with E-UTRA PCell should be studied and introduced in E-UTRA RRM specification (TS36.133).

Proposal 5: requirements for E-UTRA PSCell management with NR PCell should be studied and introduced in NR RRM specification (TS38.133).

4. Conclusions
In this contribution, we provide some consideration on mobility in NR and E-UTRAN. After discussion the following conclusions are made:
Observation 1: existing cell re-selection RRM requirements framework in TS36.133 can be used as baseline when developing intra-NR cell re-selection requirements.
Observation 2: diverse cell re-selection requirements for different use cases may need to be studied.
Observation 3: UE may achieve better measurement performance in CONNECTED mode with additional signal(s) for measurement, compared with IDLE mode.
Proposal 1: RAN4 may consider investigating different RRM measurement and mobility requirements based on different RS. Considering the worst case, requirements based on only NR-SSS should be studied.
Proposal 2: requirements of inter-RAT mobility from E-UTRA to NR need to be introduced in TS36.133.
Proposal 3: existing measurement requirements for E-UTRA in TS36.133 can be used as baseline when developing inter-RAT E-UTRA measurement requirements in NR.
Proposal 4: requirements for NR PSCell management with E-UTRA PCell should be studied and introduced in E-UTRA RRM specification (TS36.133).
Proposal 5: requirements for E-UTRA PSCell management with NR PCell should be studied and introduced in NR RRM specification (TS38.133).
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