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1 Introduction
In [1], RAN4 agreed on the following:

· Evaluate decisions made in RAN1/2/3 August meeting round and investigate likely impacts to future RAN4 RRM requirements and testing. Topics may include:

· …
· Necessary metric and requirements for NR mobility types eg Intra-cell mobility, Inter-cell mobility, interRAT mobility etc
· RRC states for NR

· …
· Impact on RRM requirements from:

· …
· Mobility procedures (both UE and BS)
· …
In this contribution, we discuss the highlighted discussion point from [1], based on the input/agreements in other groups.
2 Agreements in other groups
RAN2 has been focusing so far on DL-based mobility, while UL-based mobility in the connected active state is FFS. In RAN2#95, the RAN2 preferences regarding the connected mode were captured as follows (where ‘xSS’ was used to denote the DL synchronization signal used by idle mode UEs to perform cell selection/reselection and subsequently acquire system information):
1
In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)

2
The non-UE specific RS can be found by the UE without much configuration

3
The non-UE specific RS encodes an identity

FFS1
Is RS in connected the same as "xSS"

FFS2 
What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else.

FFS3
Does the UE have to be able to somehow identify a grouping from this identity

And for the idle mode:
Agreements

1:
In the 5G system, the UE camps on the best cell

FFS how the UE determines the best cell 

Regarding the RRC states in NR, RAN2 agreed on:
Agreements:

1: 
RRC states with significantly overlapping characteristics should be avoided. 

2: At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4:. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed

=>
Agree that, in the 'new state' there will be a mechanism where the UE first transits to the full connected state where data transmission can occur. 

=>
RAN2 will study the possibility for the UE to perform data transmission without state transition from the 'new state' to full connected.

In RAN1#86, the following was agreed:
· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID

· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility

· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)
And:

· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective

· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)

· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered

· Details are FFS

· Other mechanism is not precluded

· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

And:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now

3 Discussion
In LTE, UE mobility is associated with two RRC states, RRC_CONNECTED and RRC_IDLE. For NR, the exact set of RRC states is not yet concluded, but it’s likely to be a connected and an idle state, and possibly also an intermediate (“new”) state. Whether the UE will be able to transmit in the new state, without going into the connected state for this, is FFS in RAN2. But in either case, RAN4 will have to specify which mobility requirements apply for each of the states. It is also likely that intra-frequency, inter-frequency, and inter-RAT requirements will be needed.
· Observation 1: Mobility requirements for the connected state, idle state, and also for the “new” state (if the latter is agreed) will have to be specified. The need for a separate set of requirements for the “new” state is also justified by the agreement that “RRC states with significantly overlapping characteristics should be avoided”.
· Observation 2: Intra-frequency, inter-frequency, and inter-RAT requirements will likely be needed, but perhaps a smaller set of RATs may be considered in the initial phase.
In LTE, the same signals are used for the same type of measurements in RRC_IDLE and RRC_CONNECTED, e.g., CRS and synchronization signals. For NR, a possibility for different signals for idle and connected modes is being discussed, though not yet agreed, e.g., based on the assumption that UEs in the idle state may not need to receive the signals, e.g., for synchronization, as frequent as they do in the connected state. In addition, self-contained reference signals at least for mobility purpose have also been discussed to allow for time-frequency synchronization, TRP or beam identification, and link quality measurements with a sufficient quality. However, there are no agreed signal details yet, except that there going to be signals for synchronization and that the “essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)”. Furthermore, the support of UE-specific reference signals was agreed but it is not yet clear about the support of non-UE specific always-on reference signals.
Another set of mobility requirements in LTE is that related to RRC connection and random access used for e.g. initial system access, transition from idle to active mode, and handovers. In NR, at least the random access procedure may be different, e.g., if a simplified random access procedure is introduced, and will also depend on RAN1 design. Furthermore, it has been agreed already that the design of random access procedure shall take into account single- and multi-beam operation, which may also add to the difference compared to LTE.
Extensive beamforming and multi-beam operation will also be supported in LTE, which may require a new set of requirements related to mobility in relation beams and the requirements will also depend on whether the beam mobility will be visible to higher layers or will be based on the physical layer.
Overall, it is clear that the signal design and possibly even procedures (e.g., synchronization and random access) may be different in NR, so reusing the existing LTE requirements is unlikely while reusing at least some basic principles for defining the requirements may be considered, depending on the final RAN1 design and RAN1/RAN2 procedures and accounting for the NR specifics (e.g., support of multiple numerologies, beamforming, etc.).
· Observation 3: Reusing the existing LTE requirements is unlikely while reusing at least some basic principles for defining the requirements may be considered, while accounting for the NR specifics, including extensive multi-beam operation and beam-based mobility.
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