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1	Introduction

 As per RAN2#97 agreements:

Agreement
1	Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)


The topic has been further discussed during RAN2#97bis (April 2017) and, among the others, the following RRM-related agreements have been noted:

Agreements
1	The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.
2	The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:
a-	L1 filtering of beam measurements 
FFS Whether there is any additional specified filtering of the beam measurements
b-	Derivation of cell quality from one or more gNB beam quality
c-	L3 filter (RRC configured) of cell quality 
d-	Evaluation reporting criteria (RRC configured)


Agreements
1	Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS












For beam management, such relevant agreements have been reached:


Agreements
	RRC/RRM shall not be required to know which beam is actually being used for transmission at a certain time. And the “beam switch procedure” in “Zero/Minimum RRC involvement” should be transparent to RRC/RRM.
FFS whether CSI-RS configuration for Zero/Minimum RRC involvement mobility and measurement reporting for maintenance of CSI-RS configuration is within RRC or MAC or L1.



More details on other related decisions taken at RAN2#97bis can be found in [4].

In this contribution we discuss the connected mode measurements for NR and propose a measurement model for deriving beam- and cell-level qualities in NR which applies for both intra- and inter cell measurements in single and multi-beam systems. We still believe the measurement model can be shared between RRM and beam management purposes.

2	Measurement Model for NR

In NR the mobility measurements, in addition to inter-cell mobility, should provide mechanism to handle intra-cell mobility. It would be desirable to have single model for intra/inter cell mobility measurements so that it applies for both single and multi-beam operation modes.
LTE principles could also be applied as baseline (with some enhancements or simply reused) for NR. To manage measurements and reporting in a beam-based system the following high level functions are considered in the proposed model:
· Physical layer measurements (L1) on reference signals
· Higher layer filtering (e.g. moving average) of the L1 measurements to determine beam quality/qualities
· Higher layer  filtering that is network controlled (e.g. on L2)
· Signal quality threshold levels for beam level reporting actions and possibly time/power domain hysteresis

· Higher layer filtering (e.g. moving average) and mechanism to determine cell quality based on individual beam qualities
· Layer 3 filtering 
· Signal quality threshold levels for cell level reporting actions and possibly time/power domain hysteresis

Observation 1: Cell quality based mobility (called ”L3 mobility”) seems to be analogous with LTE mobility defined in RRC [2]
Observation 2: Beam level mobility (called “L2 mobility”) is a new level of mobility which is not defined in LTE
As the beams qualities and best beams may be changing very rapidly, especially in the higher frequencies, RRC level reporting and events are most likely going to be too cumbersome and slow to handle that. On the other hand, in lower frequency bands that are also used in LTE there is no immediate need to define beams but it would be better to have just one measurement model defined for both L2 and L3 mobility. Of course, in some scenarios L2 mobility may consist of single beam per cell i.e. there is no “intra-cell mobility” but it seems beneficial to define just one model for each and every beam scenario.
Proposal 1: Define single measurement model that handles single and multi-beam [3].
Proposal 2: Discuss which specification beam level mobility should be defined in.
2.1 Beam Quality vs. Cell Quality
In Figure 1 we provide the example measurement model to cover intra and inter cell measurements in NR. Input for the model are the beam specific L1 measurement samples that are L1 filtered. Input signals may be e.g. CSI-RS for mobility measurements or SS block measurements (measuring SS block RSRP using NR-SSS). 
The model follows LTE principles: for each L1 measurement there is a corresponding higher layer (L2) filtered beam level sample and higher layer filtered cell quality sample. Measurement model provides one quality value for each beam and one quality value per cell. Two levels of filtering are considered to cover the intra-cell and inter-cell mobility. 
As intra cell mobility is considered to have minimum involvement of RRC signaling it can be done quicker and it allows to base the mobility decisions on shorter term evaluations to be more reactive to the changing channel conditions. In contrast, the inter-cell handover is RRC-based and therefore most likely requires a “heavier” procedure at both UE and network side. It means the handover decision for inter-cell mobility would require credible, longer term evaluation of the cell to minimize the ping-pong effect and handover failure rates.



Figure 1. Example measurement model for beam and cell quality measurements
Figure 1 consists of two functions using the same measurement samples provided by L1 filtering entity. Below we depict a high level description of how the measurement model works:
Beam Quality 
· L1 measurements done per physical layer signal per beam reference signal
· Beam level higher layer filtering (network controlled) such as moving average (L2 / MAC layer is assumed to have filtering as RRC is not involved) is applied per DL beam at L2
· Beam level higher layer filtering parameters are configured by network
· Beam level higher layer filtering is used to determine that criteria related to beam measurements are evaluated based on stable measurements.
· Beam level higher layer filtering stabilizes the beam measurements for intra-cell beam events (e.g. to evaluate whether to trigger beam management actions such as beam reporting or beam recovery) and measurements provided to the selection function 
· Filtered Beam measurements are used to evaluate criteria, e.g. for beam management actions of the serving cell and for e.g. beam quality reporting in an inter-cell measurement report (beam report) 
Cell Quality
· Beam specific measurement samples are reused for determining cell quality
· Filtered values provide further input to measurement report triggered by cell-level reporting criteria
· Selection function is applied to filtered beam measurements (i.e. considering the highest quality , N=1).
· Cell quality   is further filtered to obtain long term quality value. A single value is derived for the cell and used to evaluate criteria for inter-cell event and potential action such as measurement reporting.
· Similar selection function is run for serving cell and neighbor cell measurements. UE derives a single cell quality value out of filtered beam measurement results. 
It has been agreed by RAN2 that for cell quality is derived using N beams. The same value of N should be used for serving and neighbouring, to ensure fair and credible comparison. As an example if UE would compare cells by averaging with different values of N (cell 1 with N=1, cell 2 with N=3) the cell quality value may not reflect the true cell quality as the averaging lowers the cell quality value when compared to N=1.  
Observation 3: Same measurement samples can be used for determining individual beam quality levels and cell quality 
Observation 4: Having two levels of filtering provides network the means to optimize handover performance by configuration of measurement report triggering
Proposal 3: Define network controlled higher layer filtering of beam level measurement samples for intra-cell beam management (i.e. mobility without RRC involvement)
Proposal 4: Define L3 filtering and selection function for inter-cell mobility (i.e. with RRC involvement). 
Proposal 5: Select N-highest filtered RSRP values and average them for determining the cell quality. N is configured by the network. Setting N to 1 eliminates the need of averaging.

2.2 Time-To-Trigger
Time to trigger parameter (TTT) is used in LTE to evaluate measurement reporting criteria for configured time. Similar principle can be reused in NR with some enhancement or options for network to optimize the UE reporting. Separate TTT parameters should be used for intra-cell and inter-cell reporting criteria/action. One way to configure the values would be to use: 
· Shorter TTT values for evaluating the trigger for beam level reporting (i.e. to quickly react to beam level events such as reporting new beams or quality change on the current serving beam/set of serving beams etc..)
· Longer TTT values for evaluating the trigger for cell level events (e.g. triggering measurement reports)
The used filtering coefficients, thresholds and TTT values are configured by network using RRC signaling.
Observation 5: Separate Time to Trigger parameters for triggering beam level reporting and cell level evaluation of reporting/action criteria would be beneficial in NR.
Proposal 6: Reuse the TTT concept of LTE, i.e. trigger events after L3 filtered results fulfill event criteria for duration of TimeToTrigger for cell quality based events. TTT can be configured per measurement event.
2.3 Example Operation of the Measurement model 
Figure 2 illustrates the derivation of cell quality based on the beam RSRP measurements. Two beams are illustrated in this scenario: Beam1 and Beam2. In the figure the selection function utilizes the highest measured RSRP to represent the cell quality (N=1): Time-to-Trigger runs based on the Cell RSRP. Beam1 is above the TH1 what initiates the TTT for the cell. After a while, measurements indicate that Beam1 level falls below the TH1 but Beam2 value is above. This keeps the TTT running for cell level measurement. Once the TTT timer has elapsed, criteria for cell level measurement event can be triggered e.g. measurement report. Furthermore, similar evaluation is run per cell - based on beam level measurements.


Figure 2. Example of evaluating a cell quality with the proposed model

Figure 3 illustrates one example of beam level measurements and event/action triggering based on beam level threshold (TH2) and TTT for determining beam level events/actions. Three beams (1, 2, 3) are considered in this example. For the Beam 3, which is constantly above a specific TH2, no actions are determined. For Beam 2 the RSRP is observed to be above the TH2 for the duration of TTT (beam) it may trigger specific actions, e.g. beam management related reporting. After a while it is observed that the Beam2 RSRP level falls below TH2 and stays there for the duration of TTT, another action may be triggered. Beam 1 quality exceeds the TH2 but does not stay above the threshold for the duration of TTT thus, no actions are triggered. 


Figure 3. Example of evaluating beam qualities with the proposed model
3 	Conclusions
The following Observations and Proposals have been made in the course of this paper:
Observation 1: Cell quality based mobility (called ”L3 mobility”) seems to be analogous with LTE mobility defined in RRC [2]
Observation 2: Beam level mobility (called “L2 mobility”) is a new level of mobility which is not defined in LTE
Observation 3: Same measurement samples can be used for determining individual beam quality levels and cell quality 
Observation 4: Having two levels of filtering provides network the means to optimize handover performance by configuration of measurement report triggering
Observation 5: Separate Time to Trigger parameters for triggering beam level reporting and cell level evaluation of reporting/action criteria would be beneficial in NR.
Proposal 1: Define single measurement model that handles single and multi-beam [3].
Proposal 2: Discuss which specification beam level mobility should be defined in.
Proposal 3: Define network controlled higher layer filtering of beam level measurement samples for intra-cell beam management (i.e. mobility without RRC involvement)
Proposal 4: Define L3 filtering and selection function for inter-cell mobility (i.e. with RRC involvement). 
Proposal 5: Select N-highest filtered RSRP values and average them for determining the cell quality. N is configured by the network. Setting N to 1 eliminates the need of averaging.
Proposal 6: Reuse the TTT concept of LTE, i.e. trigger events after L3 filtered results fulfill event criteria for duration of TimeToTrigger for cell quality based events. TTT can be configured per measurement event.
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