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Discussion/Decision
1 Introduction
In RAN2, we have been studying cell level mobility with RRC involvement. Although a system model of NR is still not clear, RAN2 made the following agreements in the last two meetings.
	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 cell


	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


To make progress on the development of cell level mobility, it is required to understand how a UE in NR operates (e.g., how to measure characteristics of received beamformed signals), from the physical layer perspective. In the last RAN1 meeting, there were some agreements on the UE operation for measurement, which is one of the most essential functionalities to support cell level mobility. In this contribution, we review those agreements and try to clarify several issues for further discussion in RAN2.
2 Discussion on Measurement under RAN1 Agreements
Among a large number of agreements made in the last RAN1 meeting, we herein focus on those that are closely related to cell level mobility with RRC involvement. In our view, the RAN1 agreements on beam management and RRM measurement are worthwhile to be taken into account.
2.1  Review of RAN1 Agreements about Beam Management
RAN1 categorized beam related procedures into mobility performed by layer 3 (L3) and beam management performed by L1/L2. This categorization is well aligned with that of RAN2, that is, mobility with and without RRC involvement. Furthermore, RAN1 agreed with the following definition of beam management that includes beam determination, measurement, reporting and sweeping.
	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 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 way


Since LTE has no “analog” beam-based operation, RAN1 is required to define what beam-based transmission and reception exactly mean in NR. In this context, the above agreement can be a good starting point of the discussion.
From the RAN2 perspective, the following question naturally arises: should we newly define mobility management (i.e., cell level mobility with RRC involvement) in NR as RAN1 defined the beam management?
For simplifying the discussion, let’s focus on the L3 mobility of a UE in a connected mode. In case of LTE, the following functionalities are well defined.

· Handover, path switch, data forwarding
· Dual connectivity operation (SeNB addition, modification, release, and so on)
· Measurement
· Radio link failure

· Random access procedure, timing advance
Since all of these functionalities that are already specified in LTE are also required to support the mobility in NR, the answer for the above question may be “NO” especially from the higher layer perspective. However, we should design the details of the mobility management to efficiently support the new physical layer of NR. Before discussing this aspect, let’s review the following RAN1 agreements.
	Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s) (typical sweeping)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s) (between TRP sweeping)
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming (RX beam sweeping)
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam
· Support managing multiple Tx/Rx beam pairs for a UE

· Note that above procedure can be used in single/multiple beam(s) per TRP
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item


	Agreements:
· 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


Observation 1: RAN2 should design the details of the mobility management performed by the RRC layer to efficiently support the new physical layer of NR.
2.2  RAN2 Issue Identification based on RAN1 Agreements
Understanding the above RAN1 agreements is required to initiate the detailed discussion on how the L3 mobility reflects the new physical layer of NR. For this purpose, we identify the following key issues that RAN2 should think about.
(  Issue 1: Measurement Principle
RAN1 defined the beam measurement as measuring characteristics of received beamformed signals by a UE or TRP(s). In addition, they considered the L1/L2 beam management procedure for a UE or TRP(s), each of which can be equipped with a single beam or multiple beams for Tx and Rx. Although there are some ambiguous statements (e.g., the term “characteristics”), it may be meaningful to review these agreements from the RAN2 perspective. In LTE, the following RRM measurement model is specified [1].
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Figure 1 RRM measurement model in LTE
In this model, the point “A” indicates the measurements (samples) internal to the physical layer of LTE. To generate “A”, a UE measures CRS (Cell-specific Reference Signal), which is a non-UE specific and non-beamformed signal. If we consider beamformed Tx and Rx using single or multiple beams at a UE and TRP(s) in NR, how can we design such a RRM measurement model?
In principle, the main objective of RRM measurement is to select a cell that serves a UE. Note that a set of beams to be used by a UE and TRP(s) are selected by the above L1/L2 beam management procedures. In this context, the RRM measurement should be designed in such a way that a UE could be served by a cell that can provide a set of beams whose quality is better than those belonging to other cells in an average sense. Note that the UE may use one or multiple beams at TRP(s) of a cell, where those beams can be changed time to time by the L1/L2 beam management procedure. In this context, the RRM measurement should consider the average quality of a set of beams that belong to a cell. The performance of the RRM measurement considering multiple beams is discussed in our companion contribution [2].
Such a design principle of RRM measurement is reasonable in that (i) it does not cause any conflict with the L1/L2 beam management procedures and (ii) it can reflect the actual link quality formed by “beams” by which Tx and Rx of data are performed.
Proposal 1: The RRM measurement should be designed based on the following principle.

(  A UE can be served by a cell that can provide a set of beams whose quality is better than those belonging to other cells in an average sense.
(  Issue 2: Measurement Model
Based on this principle, let’s investigate the measurement model in more detail.
If the L1/L2 beam management and the L3 mobility use the same reference signal, an efficient way of considering the quality of a set of beams within a cell is to use the L1/L2 beam measurement results as inputs of the RRM measurement model. Since we consider a UE and a TRP that are equipped with a single beam or multiple beams, the number of the inputs can be larger than one depending on the number of beams at each node. This aspect is different from LTE, where the input of the RRM measurement is one per cell in a given time interval.
In addition, the point “C” in the measurement model of LTE is used to check whether actual measurement reporting is necessary for triggering L3 mobility. Since changing UE/TRP beams within a cell is triggered by the L1/L2 beam management procedures, “C” should be used to change (i) cells or (ii) beams belonging to different cells. In this context, the number of the input to the evaluation of reporting criteria should be one per cell, regardless of the number of beams at UE and TRP(s). These aspects of the measurement model in NR are reflected on Fig. 2.
Observation 2: The measurement model in LTE has one input per cell (i.e., RSRP/RSRQ derived by CRS measurement result in a given time interval) and one output per cell (i.e., the output of L3 filter).
Proposal 2: The measurement model in NR should support the following characteristics, which are captured in Fig 2.
(  The input of the measurement model should consider the quality of a set of beams that belongs to a cell.
(  The number of the output of the measurement model should be one per cell in order to evaluate measurement report triggering events for cell level mobility.
(  For a single beam system where a UE and a cell have only one beam, the measurement model defined in LTE can be reused.
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Figure 2 Baseline of RRM measurement model in NR considering multiple beams at UE and TRP
3 Conclusions
In this contribution, we have discussed the RRM measurement for supporting cell level mobility with RRC involvement. Basically, our discussion can be applied to a connected mode UE to evaluate measurement report triggering events. In addition, it can also be applied to an idle mode UE to perform cell reselection by deriving the quality of a cell. However, please note that the idle mode UE does not perform L3 filtering, where the necessary information for the L3 filtering should be provided by RRC.

We summarize the observations and the proposals of this contribution as follows.

Observation 1: RAN2 should design the details of the mobility management performed by the RRC layer to efficiently support the new physical layer of NR.
Observation 2: The measurement model in LTE has one input per cell (i.e., RSRP/RSRQ derived by CRS measurement result in a given time interval) and one output per cell (i.e., the output of L3 filter).
Proposal 1: The RRM measurement should be designed based on the following principle.

(  A UE can be served by a cell that can provide a set of beams whose quality is better than those belonging to other cells in an average sense.
Proposal 2: The measurement model in NR should support the following characteristics, which are captured in Fig 2.

(  The input of the measurement model should consider the quality of a set of beams that belongs to a cell.
(  The number of the output of the measurement model should be one per cell in order to evaluate measurement report triggering events for cell level mobility.
(  For a single beam system where a UE and a cell have only one beam, the measurement model defined in LTE can be reused.
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