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1. Introduction
In [Post111-e][923][NBIOT R17] RLF Enhancements [1], RAN2 discussed on the NB-IoT RLF procedure and RLF enhancements and in conclusion, came up with some proposals to be further discussed as follows:
RAN2 to discuss whether the time taken from start of the random access procedure to successful reestablishment be considered when evaluating solutions.
WID objective for RLF enhancements is to reduce the time between expiry of T310 and start of random access procedure.
RAN2 to discuss whether early RLF declaration is within the scope of WID objective for RLF enhancements.
Solution performance is a measure of reduction of duration between T310 expiry (RLF declaration) and start of random access procedure.
RAN2 discuss whether solution performance measure also includes reduction in duration between T310 start and RLF declaration.
In this paper, we discuss on the total interruption time (i.e., solution performance measure).
2. Discussion
Total Interruption Time
During the email discussion, RAN2 discussed on the NB-IoT RLF procedure and RLF enhancements based on Figure 1. We added three lines to represent companies’ view on the interruption time. 


Figure 1. Total interruption time
All companies have no objection on that the duration between Ref point C and Ref Point D (i.e., the black line) is part of the total interruption time.
Observation 1: There is no objection on that the duration between Ref point C and Ref Point D (i.e., the black line) is part of the total interruption time.
During the email discussion, some companies proposed that the duration between Ref point D and Ref Point E (i.e., the red line) should also be considered as part of the total interruption time. It is because only after successful re-establishment procedure, the UE can resume the transmission. Furthermore, RAN2 considered this duration as the interruption time for the solution performance measure of T312 in Rel-12 HetNet mobility enhancements for LTE WI [2].
Observation 2: Only after successful re-establishment (i.e., Ref Point E), the UE can resume the transmission. 
Observation 3: RAN2 considered the duration between Ref point D and Ref Point E (i.e., the blue line)  as the interruption time for the solution performance measure of T312 in Rel-12 HetNet mobility enhancements for LTE WI.
Proposal 1: RAN2 is requested to consider the duration between Ref point D (i.e., start preamble transmission) and Ref Point E (i.e., successful re-establishment)  as the interruption time for the solution performance measure.
In addition, RAN2 considered the duration between Ref point B and Ref Point C (i.e., the blue line) as the outage time which is part of “overall service interruption time” for the solution performance measure of T312 in Rel-12 HetNet mobility enhancements for LTE WI as below [2]:
· Outage time:	The time during which T310 is running
· Interruption time: Interruption time due to handover or RRC connection re-establishment
· Different interruption time for prepared (250ms) and unprepared re-establishment (450ms)
· Overall service interruption time:	Outage time + Interruption time (to represent E2E / user impact)
NOTE 1:	There should not be overlap between Outage time and Interruption time
NOTE 2:	How to model prepared and uprepared re-establishment is left to companies, but companies should provide details of the model used
We can observe the interruption time before T310 expiry as shown in Figure 2 from a motivation paper of this WI [3]. Furthermore, in mobility scenario, the UE goes very deep into a neighbor cell before T310 expiry, it is most likely that there would be the interruption between Ref Point B and Ref Point C (i.e., the blue line). 
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Figure 2. Interruption time before T310 expiry [3]
Observation 4: In mobility scenario, the UE goes very deep into a neighbor cell before T310 expiry, it is most likely that there would be the interruption between Ref Point B and Ref Point C (i.e., the blue line). 
Observation 5: RAN2 considered the duration between Ref Point B and Ref Point C (i.e., the blue line)  as the outage time which part of “overall service interruption time” for the solution performance measure of T312 in Rel-12 HetNet mobility enhancements for LTE WI.
Proposal 2: RAN2 is requested to consider the duration between Ref point B (i.e., T310 start) and Ref Point C (i.e., T310 expiry)  as the outage time which part of overall service interruption time for the solution performance measure.
During the email discussion [1], some companies think that there would be no data received between Ref Point A and Ref Point B (i.e., the green line). On the contrary, some companies think that the threshold Qout_NB-IoT corresponds to 10 % block error rate of a hypothetical NPDCCH transmission and the PDCCH and PDSCH still possibly decode successfully when consecutive out-of-sync indication occurs. We think that in stationary scenario, the latter is more valid. However, during [AT111-e][308][NBIOT/eMTC R17] RLF enhancements email discussion [4], a potentially agreeable proposal was made as below:
Proposal 7:	In NB-IoT, neighbour cell measurements in RRC_CONNECTED should at least be supported in mobility scenario.
In addition, a company observed that “in existing 2G networks >50% of M2M service is in mobile cases (e.g. vehicle tracking in 29%)” in NB_IoT_eMTC_enh Work Area Email Discussion – Phase 2 [5]. In mobility scenario, if N310 is set as a considerably high number, the UE goes very deep into a neighbor cell before T310 expiry, it is likely that there would be the interruption between Ref Point A and Ref Point B (i.e., the green line) as shown in Figure 2.
Observation 6: In mobility scenario, if N310 is set as a considerably high number, the UE goes very deep into a neighbor cell before T310 expiry, it is likely that there would be the interruption between Ref Point A and Ref Point B (i.e., the green line). 
However, during the study on T312 in Rel-12 HetNet mobility enhancements for LTE WI, RAN2 observed that there would be trade-off between reduced outage time and increased interruption time [2]. Therefore, it needs more discussions to consider the duration between Ref Point A and Ref Point B (i.e., the green line) as the outage time.
Proposal 3: RAN2 is requested to discuss the duration between Ref point A (i.e., out-of-sync #1) and Ref point B (i.e., T310 start) as the outage time which part of overall service interruption time for the solution performance measure.
3. Conclusion
Observation 1: There is no objection on that the duration between Ref point C and Ref Point D (i.e., the black line) is part of the total interruption time.
Observation 2: Only after successful re-establishment (i.e., Ref Point E), the UE can resume the transmission. 
Observation 3: RAN2 considered the duration between Ref point D and Ref Point E (i.e., the blue line)  as the interruption time for the solution performance measure of T312 in Rel-12 HetNet mobility enhancements for LTE WI.
Observation 4: In mobility scenario, the UE goes very deep into a neighbor cell before T310 expiry, it is most likely that there would be the interruption between Ref Point B and Ref Point C (i.e., the blue line). 
Observation 5: RAN2 considered the duration between Ref Point B and Ref Point C (i.e., the blue line)  as the outage time which part of “overall service interruption time” for the solution performance measure of T312 in Rel-12 HetNet mobility enhancements for LTE WI.
Observation 6: In mobility scenario, if N310 is set as a considerably high number, the UE goes very deep into a neighbor cell before T310 expiry, it is likely that there would be the interruption between Ref Point A and Ref Point B (i.e., the green line). 
Based on the discussion in Section 2, we propose the following:
Proposal 1: RAN2 is requested to consider the duration between Ref point D (i.e., start preamble transmission) and Ref Point E (i.e., successful re-establishment)  as the interruption time for the solution performance measure.
Proposal 2: RAN2 is requested to consider the duration between Ref point B (i.e., T310 start) and Ref Point C (i.e., T310 expiry)  as the outage time which part of overall service interruption time for the solution performance measure.
Proposal 3: RAN2 is requested to discuss the duration between Ref point A (i.e., out-of-sync #1) and Ref point B (i.e., T310 start) as the outage time which part of overall service interruption time for the solution performance measure.
4. References
[bookmark: _Ref47538945]R2-20xxxx, Report for [Post111-e][923][NBIOT R17] RLF Enhancements,Qualcomm, RAN2#112e
R2-133073, Report of [83#13][LTE/Het-Net] Early T310 termination, Qualcomm, RAN2#83bis
RP-192793, Key points on Rel-17 enhancements for NB-IoT, Huawei, HiSilicon, RAN#86
R2-2008310, Report of [AT111-e][308][NBIOT/eMTC R17] RLF enhancements, Qualcomm, RAN2#111e
[bookmark: _GoBack]RP-192877, NB_IoT_eMTC_enh Work Area Email Discussion – Phase 2, Huawei, HiSilicon, RAN#86
image4.png
«

Cell #1

«y

Cell #3

- =

- =

SINR decreasing

SINR decreasing

? @ @

‘1. UE campgd on cell #1, inif. 15t report and enters RRC_CONNECTED, Tx 1j! report

‘ 2. Tx 21 report in RRC_CONNECTED.
‘3. Tx 31 reportin RRC_CONNECTED.

‘4. Init. 4™ report in RRC_ICONNECTED state, but SINR is too bgd and Tx failure.

L1 problem RLF Timer T310 Timer T311

detection

Out of sync

‘5. Re-attempt to senfd the 4! data anfl Tx failure, at last
RLF (T310 expiry).

‘6. Cell selection and initiate RRQ
establishment|on cell #2

‘ 7. RRC Connecf

enter RRC_IDLE due to

Connection Re-

ion Re-established, Tx 4t
ONNECTED .

! reportin RRC_(
Timer T301

‘ 8. 51 report send failure

due to bad SINR (as step 4)




image3.emf
Out of 

-

of

-

sync 

#

1

Out of 

-

of

-

sync 

#

N

310

Out of 

-

of

-

sync 

#

2

T310

Perform cell selection 

Start preamble 

transmission

(

for re

-

establishment

)

UE releases 

dedicated resources

interruption time

time

Ref 

point A

Ref 

point B

Ref 

point C

Ref 

point D

successful 

re

-

establishment

Ref 

point 

E

Total interruption time


Microsoft_Visio_2003-2010____1.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


interruption time


time


Ref point A


Ref point B


Ref point C


Ref point D


successful 
re-establishment


Ref point E


Total interruption time



