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1 Introduction

During RAN2#94, RAN2 discussed a two level mobility approach and made the following agreements:

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cel
During RAN2#95 further progress was made related to RRC based mobility:

Agreements related to RRC based mobility

RAN2 preference:

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

These agreements are not intended to preclude uplink based mobility

Final decision whether to introduce non-UE specific RS design is RAN1 responsibility

Furthermore, RAN1 has made some initial agreements related to beam management in [1]:
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Beam management = a set of L1/L2 procedures to acquire
and maintain a set of TRP(s) and/or UE beams that can be
used for DL and UL transmission/reception, which include at
least following aspects:

Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s).

— Beam measurement = for TRP(s) or UE to measure characteristics of received
beamformed signals

— Beam reporting = for UE to report information aprepertyfguatityef of

beamformed signal(s) based on beam measurement

— Beam sweeping = operation of covering a spatial area, with beams
transmitted and/or received during a time interval in a predetermined wavy.




From the above quoted agreements, it seems clear that in NR CONN-ACTIVE, we are heading towards a situation in which L1/L2 beam management can handle UE mobility in a certain area (e.g. “L1/L2 mobility area”), and RRC at least needs to be involved when the UE leaves this L1/L2 mobility area.
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Figure 1: Mobility in NR CONN-ACTIVE

In this contribution we try to progress this understanding, by discussing following issues:

1) What are the limitations of mobility handling by beam management ?
2) When does RRC need to get involved in mobility handling and what is the basis for RRC measurement report triggering ?

3) What is the relation between “cell”, beam management and RRC involvement ?

Note that we assume that beam management can also take care of inter-TRP mobility in low frequency deployments where each TRP may only have one (omni-directional) beam and no beam-sweeping may be applied. This way, beam management enables a harmonised approach for inter-TRP lower layer mobility across any carrier frequency.
2 Limitations of mobility handling by beam management 
The details of the beam management operation will still need to be further defined by RAN1. We expect that beam management will be able to handle mobility across large areas e.g. 10’s or 100’s of TRPs, not requiring any RRC reconfiguration for mobility handling purposes. However for this to be possible, the TRP’s deployed in one L1/L2 mobility area will have to meet certain conditions. E.g. we expect following conditions:

1. TRP’s need to be in DL sync 

· Can be achieved e.g. by using GPS at the gNB

2. Signals from these TRP’s should arrive at the UE within the Cylic Prefix
· Can be achieved e.g. if TRP coverage is relatively small, i.e. radio interface propagation delays between UE and the different TRP’s is relatively similar. Note that this may often be the case in high frequency deployments.
Apart from these L1 limitations, there may also be higher layer limitations. The first question to address seems whether all TRP’s in the L1/L2 mobility area have to be handled by one and the same MAC entity in the network side, or whether these TRP’s could be handled by multiple MAC entities (e.g. TRP1 by MAC1, TRP2 by MAC2) ?

If different beams in the L1/L2 area would belong to different MAC entities, it means that not all beams in the L1/L2 mobility area “are equal”. I.e. the network may be able to very quickly switch between beams belonging to one MAC entity without any MAC impact (e.g. no HARQ flushing). However switching between beams belonging to different MAC entities might be slower (e.g. MAC cmd) and might have more impacts (e.g. HARQ flushing). If not all beams in the L1/L2 mobility area are “equal”, the question will arise whether the UE when triggering/reporting RRC measurement reports should be aware of which beams of a L1/L2 mobility area belong to the same MAC e.g. for L1/L2 mobility area quality determination.
In order to avoid this complexity, we would like to propose that the impacts to higher layers during beam management should be minimised. I.e. when there are impacts to higher layers, RRC needs to become involved to reconfigure/reset/re-establish the appropriate layers. As a consequence, beam management will be limited to operate amongst TRP’s belonging to the same MAC.

Proposal 1: 
Beam management can handle mobility in the L1/L2 mobility area. TRP’s in the L1/L2 mobility area will have to meet certain deployment restrictions. Several of these deployment restrictions will be at L1 (FFS RAN1). In addition, beam management operation will be limited to TRP’s handled by the same higher layer protocol stack i.e. same MAC entity. 
3 RRC measurement report triggering 

RRC will be involved when TRP’s/beams of a neighbouring L1/L2 mobility area can provide a better quality than the TRP’s/beam of a serving L1/L2 mobility area. As already briefly discussed during RAN2#95, there would be two approaches for RRC measurement reporting:

A) Single-neighbour-beam based triggering

B) Multi-neighbour-beam based  triggering

In single-neighbour-beam based measurement report triggering, the UE triggers a measurement report e.g. when there is one beam not part of the serving L1/L2 mobility area for which the quality is delta better than the quality of the serving L1/L2 mobility area during TTT. For the serving L1/L2 mobility area, the quality could either be determined based on a single best beam, or some kind of multi-serving beam evaluation.

In case of the multi-neighbour-beam based triggering, the UE triggers a measurement report e.g. when the group of beams belonging to a neighbouring L1/L2 mobility area together provides a quality delta better than the quality of the serving L1/L2 mobility area during TTT.
In [2] we look in more detail on neighbour cell/TRP measurements. Ref [2] shows that multi-neighbour-beam based quality determination will result in more stable QOS value determination. A more stable quality value determination potentially reduces the amount of RRC measurement reports and results in more stable RRC mobility (i.e. ping-pong reduction). Therefore we currently think that enabling multi-neighbour-beam based quality determination may be important for NR. 
It should be clear that in order for the UE to operate a multi-neighbour-beam based triggering, the UE needs to be able to identify which beams belong to the same neighbour L1/L2 area.
Proposal 2:
In CONNECTED-ACTIVE, the UE will trigger an RRC measurement report for handover based on comparing the quality of the serving L1/L2 mobility area and a potential neighbour L1/L2 mobility area. As a consequence, the UE will have to be able to identify beams belonging to the same (serving/neighbour) L1/L2 mobility area.
4 What is the relation between “cell”, beam management and RRC involvement ?
In LTE, RRC is at least involved in inter-cell mobility. I.e. in case of COMP scenario 4, lower layers can handle “mobility” across TRP’s within one cell, but when the cell changes, RRC involvement will be necessary.

We see no real reason to deviate from this principle. Re-use of the same principle will enable (relatively) consistent mobility operation across LTE and NR. In addition, the cell identification is already to be provided on the radio interface for IDLE mode and thus it seems nice to enable re-use of this identity for the determining the appropriate beam grouping in CONNECTED-ACTIVE state. Therefore we propose:

Proposal 3: 
Beam management can handle UE mobility within a cell. I.e. the cell is the L1/L2 mobility area. The UE uses the cell-id broadcast on the radio to determine which beams belong to the same L1/L2 mobility area.     
5 Conclusions
RAN2 is requested to discuss and if possible agree on the following proposals for NR mobility in CONNECT-ACTIVE:
Proposal 1: 
Beam management can handle mobility in the L1/L2 mobility area. TRP’s in the L1/L2 mobility area will have to meet certain deployment restrictions. Several of these deployment restrictions will be at L1 (FFS RAN1). In addition, beam management operation will be limited to TRP’s handled by the same higher layer protocol stack i.e. same MAC entity. 

Proposal 2:
In CONNECTED-ACTIVE, the UE will trigger an RRC measurement report for handover based on comparing the quality of the serving L1/L2 mobility area and a potential neighbour L1/L2 mobility area. As a consequence, the UE will have to be able to identify beams belonging to the same (serving/neighbour) L1/L2 mobility area.

Proposal 3: 
Beam management can handle UE mobility within a cell. I.e. the cell is the L1/L2 mobility area. The UE uses the cell-id broadcast on the radio to determine which beams belong to the same L1/L2 mobility area.     
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