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1 Introduction
In Rel-17, one of the objectives in the WID is:
· [bookmark: _Hlk54086256]Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

RAN2#111-e agreements:
	Agreements:

· Study current RLF procedure to understand the time taken to select the cell for access. Start and end points FFS.
· Support neighbour cell measurements in RRC_CONNECTED, at least for intra-frequency.
· FFS inter-frequency
· FFS whether measurements are done on the anchor carrier
· FFS how neighbour cell measurement is triggered 
· FFS how to perform neighbour cell measurements 
· Working assumption: Neighbour cell measurement results are not reported to the network in RRC_CONNECTED.
· FFS whether and when other information can be sent





RAN2#112-e agreements:
	Agreements:

· Enhancements to the random access procedure are not considered.
· The solution includes reduction of the time between declaration of RLF and the start of the random access procedure (points C and D)
· FFS whether the solution includes reduction of the time between out-of-sync detection and declaration of RLF (points B and C)




RAN2#113-e agreements:
	Agreements:

· Neighbour cells measurement (detection and measurements) are performed only on the anchor carrier.
· The solution is optional




RAN2#114-e agreements:
	Agreements
· The criteria to start measurements is based on a combination of serving cell quality threshold (option b) and variance of the serving cell quality (option c)
· Configuration of the criteria to start the measurements is supported. 
· FFS whether any further information needs to be provided by NW
· FFS whether any assistance information from UE is needed. 
· FFS if/how to support ‘early’ RLF.




In this paper, we will focus on the remaining RAN2 issues and provide our proposals based on the analysis.
2 [bookmark: _Ref178064866]Discussion
2.1 Triggering conditions to start and stop measurement 
In RAN2#114-e, the criteria to start the measurement was agreed, however, whether a triggering to stop the measurement as suggested by RAN4 is not finalized. During neighbour cell measurements, the channel condition may become better, to make best usage of UE’s power consumption during RRC_CONNECTED mode, the triggering conditions to stop the measurement should also be defined. Note that based on the start criteria, the UE may start the measurement early, thus there is a high possibility for the channel condition to become better.
With relaxed cell monitoring in MTC/NB-IoT or relaxed RRM measurement in NR during RRC_IDLE and RRC_INACTIVE, when certain conditions are fulfilled, the UE is not required (or may choose not) to monitor or perform neighbor cell measurement. Similarly, for neighbor cell measurement during RRC_CONNECTED, when the starting criteria is fulfilled, the UE shall perform the measurement; on the other hand, when the stopping criteria is met, the UE should not be required to perform the measurement for power saving reasons. When and how the UE will stop measurement is up to UE implementation, just not before the stopping criteria is fulfilled. For example, when the stopping criteria is met, the UE can decide to stop or suspend the ongoing measurement immediately or stop the measurement after the completion of the ongoing measurement activities.  
Regarding the triggering criteria to stop the measurement, it can be set as the counterpart of the starting criteria. This way, there is no additional RRC signaling/configuration needed compared to the starting criteria except the configuration of the criteria to stop the measurement. Thus, there is no additional signaling overhead, and only the stopping criteria needs to be specified in 36.304.
[bookmark: _Ref77150251]Proposal 1	The criteria to stop measurements should be specified to not require UE to continue performing the measurement.
Configuration of the criteria to start/stop the measurement can be configured by broadcast signaling in SIB3-NB. Similar with cell reselection criteria in RRC_IDLE mode, serving cell quality threshold for intra and inter frequency neighbor cell measurement can be configured separately. Based on the detailed configured serving cell quality threshold and variance of the serving cell quality threshold, neighbor cell measurement in RRC_CONNECTED in one way can reuse the signaling of the configuration for cell re-selection in RRC_IDLE and/or configuration for relaxed cell monitoring, or in another way, introduce separate signaling for neighbor cell measurement in RRC_CONNECTED. 
[bookmark: _Ref77150257]Proposal 2	The criteria to start/stop measurements can be configured by broadcast signaling in SIB3-NB, serving cell quality threshold for intra and inter frequency measurement can be configurated separately.
2.2 Measurement configuration by network
In RRC_CONNECTED measurement, for a UE to quickly detect and measure a suitable neighboring cell and to save UE power consumption, assistance information can be used for the UE to perform cell detection and cell measurement on a limited and sorted carrier/cell list. 
The measurement configuration for a limited and sorted cell carrier/list can be obtained by:
· UE statistics or historical information, e.g. neighbor cells on which the UE has performed the measurements recently, during the last certain period
· Measurement configuration for RRC_IDLE by system information

The UE can use above information to restrict the number of carriers or cells for measurement during RRC_CONNECTED and prioritize the carrier/cell list. The details of how to choose and prioritize the carrier/cell list should be up to UE implementation, e.g. The UE can choose to prioritize intra-frequency cell measurement before inter-frequency measurement.
During last meeting, some companies proposed to use dedicated signaling to configure dedicated carrier/cell list for one UE. However, without accurate UE’s location information, NW can hardly configure proper UE-specific dedicated carrier/cell list. NW only has rough information of UE’s location whether it is in the cell center or cell edge. When UE is in cell center, there is a low possibility to trigger RRC_CONNECTED measurement, while for UE in cell edge, NW doesn’t know the accurate location to configure a proper dedicated carrier/cell list other than the cell-specific carrier/cell list provided by system information. 
Measurement configuration for RRC_IDLE by system information should be enough for RRC_CONNECTED measurement for faster RRC reestablishment. If there is no other specific requirement, we think it is not necessary to provide additional measurement configurations even by broadcasted signaling. 
[bookmark: _Ref77344902]Proposal 3	It is up to UE implementation to choose and prioritize carrier/cell list for measurement. No need for the network to provide information regarding which cells/carriers to be considered.
2.3 Assistance information 
During last meeting, there were discussions on assistance information from UE, e.g. measured cell(s) in idle mode, candidate neighbour cell. As this WI is mainly targeted to mobile UE for faster RRC reestablishment, the report from the UE on measured cell(s) in idle mode or candidate neighbour cell may not be valid at the time of cell measurement for RRC reestablishment. Thus, assistance information from UE report is not necessary and will cost additional signaling overhead and power consumption. 
[bookmark: _Ref77344909]Proposal 4	Assistance information from UE is not needed.
2.4 Measurement occasion 
When the carrier frequencies of the serving cell and of measurement neighbour cell are different (scenarios B/D/E), based on RAN4’s reply, UE can perform neighbour cell measurement without gaps without causing interruptions to serving cell by using any occasion where the UE is not scheduled which includes any of the following:
· Vacant slots not scheduled for data transmission, i.e. when not required to do data transmission/reception 
· When not required to do NPDCCH monitoring
· during the DRX inactive period i.e. when the UE is configured with DRX. 

During last several meetings, there were proposals on UE report when it starts and stops neighbor cell measurement to inform NW to adapt its scheduling or directly to ask NW for gaps only for measurement. We think it is not necessary for UE to send this kind of report, one reason is that the natural gaps proposed by RAN4 may be enough for measurement, even not, UE can continue perform neighbor cell measurement after RLF. Another reason is that if to make UE report only necessary, UE needs to evaluate the time needed for neighbor cell measurement, and it is difficult for UE to evaluate, and may result in UE implementation dependency. 
[bookmark: _Ref77581550]Proposal 5	It is not needed for UE to report when it starts/stops measurements.
2.5 Fast/Early RLF
Here is how we think fast RLF which was designed for HetNet will be adapted to NB-IoT case: 

Declare RLF
T312
Proper neighbor cell found
criteria to start measurement is fulfilled 
Connected mode measurement

Here, T312 represents a short T310 timer as in LTE. Triggering conditions to start T312 can be based on:
· Proper neighbor cell is found
· T310 is running

When T312 triggering condition is fulfilled, UE can choose to start a T312 to save time for RRC reestablishment. Thus, new timer which is shorter than T310 should be introduced. To make best usage of T312, UE should better start the timer only when there is enough predicted time reduction to RRC reestablishment. Therefore, triggering condition to start T312 can also consider timing perspective, for example:
· The time difference between T310 remaining time and T312 is higher than a threshold

Regarding the impact on the reduction of RLF recovery, T312 should be configured smartly, T312 should cover at least the time during of N311 multiplied by Qin evaluation period. Thus, T312 should be UE dedicated based on the UE dedicated configuration of T310, N311, DRX, etc. To further decrease the impact on the reduction of RLF recovery, triggering condition to start T312 can also consider serving channel quality, for example:
· Serving cell quality is below a threshold for a duration

To support fast RLF, except a shorter T310, considering that measurement reporting is not supported in NB-IoT, adaptations are needed to trigger starting timers such as T312 properly compared to fast RLF for HetNet.
Moreover, to decrease the impact on the reduction of RLF recovery, certain serving channel quality criteria needs to be defined. More importantly, detailed evaluation of fast RLF needs to be performed to check the time reduction to RRC reestablishment and the impact on the reduction of RLF recovery.
[bookmark: _Ref75794681][bookmark: _Ref77580351]Observation 1	Fast RLF was introduced for HetNet scenario. Fast RLF needs a variety of adaptions for NB-IoT.
[bookmark: _Ref77344925]Proposal 6	Fast RLF should not be considered.
2.6 UE Capability
The NW does not need to be informed of UE capability of RRC_CONNECTED measurement, based on the criteria to start and/or stop measurement, UE can perform the measurement without notifying NW. 
[bookmark: _Ref77347957] Proposal 7	UE capability for connected mode measurement is optional and without signaling to NW.

3 Conclusion
In the previous sections we made the following observations: 
Observation 1	Fast RLF was introduced for HetNet scenario. Fast RLF needs a variety of adaptions for NB-IoT.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	The criteria to stop measurements should be specified to not require UE to continue performing the measurement.
Proposal 2	The criteria to start/stop measurements can be configured by broadcast signaling in SIB3-NB, serving cell quality threshold for intra and inter frequency measurement can be configurated separately.
Proposal 3	It is up to UE implementation to choose and prioritize carrier/cell list for measurement. No need for the network to provide information regarding which cells/carriers to be considered. 
Proposal 4	Assistance information from UE is not needed.
Proposal 5	It is not needed for UE to report when it starts/stops measurements.
Proposal 6	Fast RLF should not be considered.
Proposal 7	UE capability for connected mode measurement is optional and without signaling to NW.

4 [bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-201306, “WID revision: Additional enhancements for NB-IoT and LTE-MTC”, RAN #88e, Electronic Meeting, June 29th – July 3rd, 2020. 
[bookmark: _Ref69903966]R4-2105800		Reply LS on neighbour cell measurement in NB-IoT RRC_CONNECTED state, RAN4, April 2021
	4/4	
image1.emf
O

u

t

 

o

f

 

-

o

f

-

s

y

n

c

 

#

1

O

u

t

 

o

f

 

-

o

f

-

s

y

n

c

 

#

N

3

1

0

O

u

t

 

o

f

 

-

o

f

-

s

y

n

c

 

#

2

T310

Perform cell selection 

S

t

a

r

t

 

p

r

e

a

m

b

l

e

 

t

r

a

n

s

m

i

s

s

i

o

n

(

f

o

r

 

r

e

-

e

s

t

a

b

l

i

s

h

m

e

n

t

)

U

E

 

r

e

l

e

a

s

e

s

 

d

e

d

i

c

a

t

e

d

 

r

e

s

o

u

r

c

e

s

Total interruption time

time

R

e

f  

p

o

i

n

t

 

A

R

e

f  

p

o

i

n

t

 

B

R

e

f  

p

o

i

n

t

 

C

R

e

f  

p

o

i

n

t

 

D


Microsoft_Visio_2003-2010_Drawing.vsd
Out of -of-sync #1


Out of -of-sync #2


T310


Perform cell selection 


Out of -of-sync #N310


Start preamble transmission
(for re-establishment)


UE releases dedicated resources


Total interruption time


time


Ref point A


Ref point B


Ref point C


Ref point D



