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Introduction
In the last RAN2 #96 meeting, we discussed the mobility with RRC involvement and made some agreements as follows.

	Agreements for connected active
1. The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.
2. RAN2 working assumption to be confirmed by RAN1:
(a) Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
(b) Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
3. The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.



	Agreements for connected active
1. RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied:
(a) best beam
(b) N-best beams
(c) all detected beams
(d) beams above a threshold
Other options are not precluded.



	Agreements
1. At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered).
FFS: other events may be studied.
2. Measurement report will contain cell measurements.
FFS: whether the measurement report contains beams measurements.


To make progress of the discussion on the mobility with RRC involvement, we will discuss how to enhance the RRM measurement model in LTE for supporting gNBs and UEs that are equipped with multiple beams. In this context, we will tackle the following issues.
· Input and output of the RRM measurement model in NR
· L1 and L3 filtering: beam level or cell level?
Discussion
In LTE, cell-level mobility such as handover, cell addition and release is supported by the RRM measurement model specified in [1], as illustrated in Fig. 1.



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 typically measures CRS (Cell-specific Reference Signal), which is a non-UE specific and non-beamformed signal. If we consider beamformed Tx and Rx of a reference signal using a single or multiple beams at a gNB and a UE in NR, the point “A” in Fig. 1 can be seen as follows.




Figure 2 RRM measurement considering multiple beams at gNB and UE
Fig. 2 shows that a UE measures a reference signal transmitted by a gNB. More specifically, the RSRP between gNB beam i and UE beam j, which is denoted by Rij, is measured by the UE. It means that the RSRP is actually measured per beam pair. However, since RRM measurement is used to support cell-level mobility of the UE, the gNB does not care about the UE beam-specific RSRP. On the other hand, the gNB beam-specific RSRP should be managed by the UE since it can be used to derive a cell quality. In this context, we propose the following to develop the RRM measurement model in NR.

Proposal 1: The RRM measurement model in LTE should be considered as a baseline in NR.
Proposal 2: The input of the RRM measurement model in NR should be gNB beam-specific RSRP or RSRQ.
Proposal 3: The output of the RRM measurement model in NR, which is used to trigger measurement report, should be cell-specific RSRP or RSRQ (i.e., one per cell).

In addition to the input and output of the RRM measurement model in NR, we should discuss how L1 and L3 filters work. It is known that they are used to alleviate large fluctuation of measured RSRP and have an impact on mobility performance in terms of the probability of handover failure and the frequency of ping-pong handover. The operation of L1 and L3 filters is illustrated in Fig. 3.



Figure 3 Operation of L1 and L3 filters
Remind that we propose that the input and output of the RRM measurement model in NR should be the gNB beam-specific RSRP and the cell-specific RSRP, respectively. In order to derive the cell-specific RSRP from the gNB beam-specific RSRP, we need to study how L1 and L3 filters work during this derivation procedure. More specifically, it is required to define the input and output of the L1 and L3 filters. The possible options are listed in Table 1.
Table 1 Options for L1 and L3 filters: per beam or per cell?
	
	Input
	L1 filter
	L3 filter
	Output

	1
	gNB beam-specific RSRPs
	Per cell
	Per cell
	Cell-specific RSRP

	2
	
	Per gNB beam
	Per cell
	

	3
	
	Per gNB beam
	Per gNB beam
	



Furthermore, each option in Table 1 is explained as follows.

Option 1 is illustrated in Fig. 4, in which the UE derives a cell-level value before performing L1 filtering. Then, this value goes through the L1 and L3 filters. This option is as simple as the RRM measurement model in LTE. However, beam-related information, for instance, how frequently gNB beams are changing within a cell, may be ignored when the UE triggers measurement report.




Figure 4 L1 filtering per cell and L3 filtering per cell (Option 1)
Option 2 is illustrated in Fig. 5. In this option, the UE performs L1 filtering for each gNB beam separately and then derives a cell-level value based on the outputs of the L1 filters. Then, this value is used for L3 filtering. The UE complexity of this option is increased compared to Option 1, however, the layer 3 can utilize the gNB beam-specific RSRP after L1 filtering.




Figure 5 L1 filtering per gNB beam and L3 filtering per cell (Option 2)
Option 3 is illustrated in Fig. 6. If this option is used, the UE performs L1 and L3 filtering for each gNB beam separately and then derives a cell-level value based on the outputs of the L3 filters. This option allows the UE to observe each gNB beam in more detail by virtue of L3 filtering, however, the UE complexity for doing this should be increased.




Figure 6 L1 filtering per gNB beam and L3 filtering per gNB beam (Option 3)
Through Options 1, 2 and 3 above, we have investigated how L1 and L3 filters work in the RRM measurement model in NR. As a result, we have the following proposal.

Proposal 4: RAN2 should investigate how L1 and L3 filters operate for the RRM measurement model in NR. The following options should be considered for this discussion.
· Option 1) L1 and L3 filtering per cell
· Option 2) L1 filtering per gNB beam and L3 filtering per cell
· Option 3) L1 and L3 filtering per gNB beam
Conclusions
Proposal 1: The RRM measurement model in LTE should be considered as a baseline in NR.
Proposal 2: The input of the RRM measurement model in NR should be gNB beam-specific RSRP or RSRQ.
Proposal 3: The output of the RRM measurement model in NR, which is used to trigger measurement report, should be cell-specific RSRP or RSRQ (i.e., one per cell).
Proposal 4: RAN2 should investigate how L1 and L3 filters operate for the RRM measurement model in NR. The following options should be considered for this discussion.
· Option 1) L1 and L3 filtering per cell
· Option 2) L1 filtering per gNB beam and L3 filtering per cell
· Option 3) L1 and L3 filtering per gNB beam
Reference
[1]	3GPP TS 36.331 V13.1.0, “Radio Resource Control (RRC) Protocol Specification,” April 2016

image2.emf
gNB beam

UE beam

RSRP

1 2 3 N ...

R

11

R

21

R

31

R

N1

...

1

gNB beam

UE beam

At least

L1 and L3 filters

Event 

evaluation

A C D

Beam 

sweeping


oleObject2.bin
gNB beam


UE beam


RSRP


1


2


3


N


...


R11


R21


R31


RN1


...


1


gNB beam


UE beam


At least
L1 and L3 filters


Event evaluation


A


Beam sweeping


C


D



image3.emf
L1 filter output interval

L1 sampling by 

measuring RS

Time

M1 M2 M3 L1 filter output

F1 F2 F3 L3 filter output

1 –a 

F2 = a*M2 + (1 –a)*F1 a 


oleObject3.bin
텍스트�

L1 filter output interval


L1 sampling by measuring RS


Time


M1


M2


M3


�

�

�

L1 filter output


F1


F2


F3


L3 filter output


1 – a 


F2 = a*M2 + (1 – a)*F1


a 



image4.emf
Cell-level 

value 

derivation

RSRP of gNB beam 1

RSRP of gNB beam 2

RSRP of gNB beam N

L1 filter L3 filter

Event 

evaluation


oleObject4.bin
Cell-level value derivation


RSRP of gNB beam 1


RSRP of gNB beam 2


RSRP of gNB beam N


L1 filter


L3 filter


Event evaluation



image5.emf
RSRP of gNB beam 1

RSRP of gNB beam 2

RSRP of gNB beam N

L3 filter

Event 

evaluation

L1 filter

L1 filter

L1 filter

Cell-level 

value 

derivation


oleObject5.bin
L1 filter


RSRP of gNB beam 1


RSRP of gNB beam 2


RSRP of gNB beam N


L1 filter


L3 filter


Event evaluation


L1 filter


Cell-level value derivation



image6.emf
RSRP of gNB beam 1

RSRP of gNB beam 2

RSRP of gNB beam N

Event 

evaluation

L1 filter

L1 filter

L1 filter

L3 filter

L3 filter

L3 filter

Cell-level 

value 

derivation


oleObject6.bin
RSRP of gNB beam 1


RSRP of gNB beam 2


RSRP of gNB beam N


Event evaluation


L1 filter


L1 filter


L1 filter


L3 filter


L3 filter


L3 filter


Cell-level value derivation



image1.wmf
 

Layer 1 

filtering

 

 

Layer 3 

filtering

 

 

 

Evaluation 

of reporting

 

criteria

 

A

 

D

 

B

 

C

 

C'

 

RRC configures 

parameters

 

RRC configures 

parameters

 


oleObject1.bin


Layer 1 filtering











Layer 3 filtering















Evaluation of reporting



criteria







A







RRC configures parameters







RRC configures parameters







D







B







C



















C'












