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1. Introduction

In RAN2#114, the following agreements related to RLF enhancements for R17 NB-IoT have been reached:

	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 contribution, we firstly discuss the necessity of introducing early RLF and then focus on the discussion for details of connected mode measurement.
2. Discussion 
2.1 Early RLF

In previous meetings, some companies suggest to support earlier declaration of RLF, e.g., to introduce a short timer T312 on top of the existing T310. However, a short T312 would reduce the opportunity of recovery from packet loss and inevitably lead to an increase in occurrences of RLF. There are more reasons that we still have doubt on the feasibility and benefit of introducing early RLF:
· Some companies think in R17 typical use case, UE is with mobility. The connection will only become worse so that RLF will finally happen. Then it’s no need to have too much consideration on recovery. We disagree with this thinking. The early RLF is introduced in Hetnet. In Hetnet, such observation that connection will only become worse may be valid as the cell coverage is small, and it’s easier for UE to move out the cell. But for NB-IoT, even mobility might be typical in R17, as the NB-IoT cell is still a large coverage cell, it’s still highly possible the UE’s radio quality fluctuates other than continuing to become worse. Therefore, it is more reasonable to try to avoid decreasing the chance of recovery. 

· In RAN2#114 e-meeting, company provided some field test results to indicate that with most UEs configured with T310 of 8s, more recovery can happen in the first 2s of T310 while the chance of RLF recovery during the last part of T310 is low. So the results can prove the benefit of T312, e.g., to avoid waiting for at most 8s before declaration of RLF. However, firstly, we disagree T310 is always set to the maximum value of 8000 ms. This highly depends on network implementation and a reasonable network implementation may configure suitable T310 for a certain UE according to its coverage situation. In the mentioned field test, it may be more reasonable to configure the UE with T310 of 2s and then another timer T312 with value of 1s or 2s would not bring much early RLF declaration benefit.
In a summary, the benefit of introducing T312 to NB-IoT is unconvincing. We don’t think RAN2 companies can have enough time to perform detailed evaluation for this part. Hence, it’s suggested not to support earlier declaration of RLF based on T312 in R17.
Proposal 1: Early RLF is not introduced into NB-IoT.
2.2 Connection mode measurement

2.2.1 Measurement configuration
In RAN2#114 e-meeting, RAN2 has agreed that the criteria to start the measurements, e.g., a combination of serving cell quality threshold (option b) and variance of the serving cell quality, can be configured by eNB. With reference to current different thresholds for triggering intra-frequency measurements and inter-frequency measurements for UE in idle mode, e.g., SIntraSearchP and SnonIntraSearchP in 36.304, two different kinds of thresholds can also be considered for connected mode measurements. 

One possible way is, with consideration on deployment situation, the NW can prioritize intra-frequency measurements with an “easy-to-satisfy” threshold while deprioritize inter-frequency measurements with another a bit strict threshold. Moreover, as mentioned in [1], for scenario A and C, UE could perform measurements on neighbor cells without measurement gaps; for scenario B, D and E, UE could perform measurements on neighbor cells without measurement gaps using the occasions without causing interruptions on serving cells. That means, even for the same neighbor frequency, the measurement time that UEs spend may be different. In order to increase the flexibility, we suggest that the thresholds to trigger intra-frequency measurements and inter-frequency measurements are configured via dedicated RRC signaling.
Proposal 2a: The network can configure separate criteria for NB-IoT UE to trigger intra-frequency measurements and/or inter-frequency measurements in connected mode.

Proposal 2b: The network can provide connected mode measurements criteria via dedicated RRC signaling.

During RAN2#114 e-meeting discussion, more companies agree the idea that some information/configuration (e.g., a white list) can be provided to the UE to help UE narrow down the measurement range. Several options can be considered:

· Option 1: By UE implementation, e.g., UE can take into account the historical information to determine the carrier list or neighbor cell list for measurement.

· Option 2: Network provides common configuration via SIB message. For example, SIB4 or SIB5 is allowed to also be used for measurement targets in connected mode or a common white list is provided. 

· Option 3: Network provides dedicated configuration via RRC message.

For Option1, the measurement range may be large, therefore, option 1 needs more measurement time and power consumption. For Option 2, as the system information is cell-specific which can be used by all the UEs, it may also means large measurement range. For Option 3, the network can configure dedicated list of measurement objects, e.g., dedicated neighbor frequency, and/or neighbor cells for different UEs so that the measurement range can be narrowed down and UE’s measurement can be simplified. For example, the UE in cell center may have a much smaller measurement list than that of the UE in cell edge. Hence, Option 3 is preferred.

Proposal 3: Network can provide measurement configuration to the UE, e.g., the neighbor frequency, neighbor cells via dedicated RRC signaling.

2.2.2 Assistant information from UE
If proposal 3 can be agreed, we expect network can provide the configuration of the neighbor cells just around the UE. This has benefit of reducing the signaling for configuration and also the benefit to simplify UE’s measurement. However, based on the existing spec, without any report from UE, it’s not easy for eNB to identify such neighbor cell information for a connected mode UE. 
A simple way may be to make use of the measured cell in idle mode. For example, UE can report the second best cell in cell reselection via RRCConnectionRequest. Based on this, eNB can determine the neighbour frequency/cells just around the UE.

Proposal 4: The measured cell in idle mode can be sent from UE to the network to facilitate eNB to provide more suitable measurement configuration.

2.2.3 Free subframes for measurement
In previous meeting, RAN4 has given the following responses about measurement performances:

	Q1: Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?

[RAN4 Response]: When the target cell is in normal coverage: for scenario A and C, UE could perform measurements on neighbour cells without measurement gaps; for scenario B, D and E, UE could perform measurements on neighbour cells without measurement gaps using the occasions without causing interruptions on serving cells, for example:

· Vacant slots not scheduled for data transmission

· When not required to do data transmission/reception or NPDCCH monitoring 

· OFF period When UE is configured with DRX

From RAN4’s perspective, neighbour cell measurement in RRC_CONNECTED state when the target cell is in enhanced coverage is not the typical scenario to be considered.

Q2: How long does it take to perform cell detection both in normal and in extended coverage?

[RAN4 Response]: When the target cell is in normal coverage, for scenario A-E, the time needed for cell detection is 1400 ms. For scenarios B, D and E, the length of a single measurement occasion for detection shall be at least 400 ms, and the maximum interval between two occasions for detection on the cell is less than 5 seconds.

When the target cell is in enhanced coverage, for scenario A-E, the time needed for cell detection is 14800 ms. For scenarios B, D and E, the length of a single measurement occasion for detection shall be at least 2000 ms, and the maximum interval between two occasions for detection on the cell is less than 5 seconds.

The overall time for cell detection will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers.


From the RAN4’s point of view, even for scenario B, D and E, the measurement can make use of the occasions without causing interruptions on serving cells. However, RAN4 give further requirement that the length of a single measurement occasion for detection shall be at least 400 ms for target cell in normal coverage and 2000ms for target cell in enhanced coverage.

According to the occasions that RAN4 suggests, we discuss the potential limitation for the configuration of those occasions. 
· Alt1: Measurements in connected mode DRX

In this alternative, UE can make use of the OFF period for measurement when UE is configured with DRX. UE has to monitor the PDCCH during the drx-RetransmissionTimer is running after HARQ RTT Timer expires. In order to make continuous OFF period be able to meet the time length requirements for a single measurement occasion, some restrictions would be needed on the scheduling of eNB and the configuration of parameters, e.g. onDurationTimer, drx-Cycle, NPDCCH period. For example, based on the following value range and with regard to one retransmission, if NPDCCH period is configured as 64, drx-RetransmissionTimer and onDurationTimer are configured as pp4, the DRX cycle has to be configured with at least sf1024 for 400ms measurement in normal coverage, and sf3072 for 2000ms measurement in enhanced coverage. 

DRX-Config-NB-r13 ::=



CHOICE {


release







NULL,


setup







SEQUENCE {



onDurationTimer-r13




ENUMERATED {













pp1, pp2, pp3, pp4, pp8, pp16, pp32, spare},


drx-InactivityTimer-r13



ENUMERATED {













pp0, pp1, pp2, pp3, pp4, pp8, pp16, pp32},



drx-RetransmissionTimer-r13


ENUMERATED {













pp0, pp1, pp2, pp4, pp6, pp8, pp16, pp24,













pp33, spare7, spare6, spare5,













spare4, spare3, spare2, spare1},



drx-Cycle-r13





ENUMERATED {













sf256, sf512, sf1024, sf1536, sf2048, sf3072,













sf4096, sf4608, sf6144, sf7680, sf8192, sf9216,













spare4, spare3, spare2, spare1},



drx-StartOffset-r13




INTEGER (0..255),



drx-ULRetransmissionTimer-r13

ENUMERATED {













pp0, pp1, pp2, pp4, pp6, pp8, pp16, pp24,













pp33, pp40, pp64, pp80, pp96,













pp112, pp128, pp160, pp320}


}

}

The required DRX cycle in the above example seems a bit too long. But taking into account the typical traffic type is delay sensitive in NB-IoT, such long DRX cycle may be acceptable.  

Observation 1a: In order to provide a single measurement occasion of length 400ms or 2000ms, the long DRX cycle would be required for supporting 400ms or 2000ms OFF period in a DRX cycle.

· Alt2: Measurements in PDCCH monitoring GAP

For DL gap, the value range for the related parameters are as below. The available gap duration of a DL transmission can be expressed as dl-GapDurationCoeff * dl-GapPeriodicity. However, only few configuration can provide a single measurement occasion of length 400ms, e.g., sf1024 for dl-GapPeriodicity and oneHalf for dl-GapDurationCoeff. Moreover, no configuration can provide single measurement occasion length of 2000ms. 

DL-GapConfig-NB information element
-- ASN1START

DL-GapConfig-NB-r13
::=

SEQUENCE {


dl-GapThreshold-r13


ENUMERATED {n32, n64, n128, n256},


dl-GapPeriodicity-r13

ENUMERATED {sf64, sf128, sf256, sf512},


dl-GapDurationCoeff-r13

ENUMERATED {oneEighth, oneFourth, threeEighth, oneHalf}

}

DL-GapConfig-NB-v1530
::=
SEQUENCE {


dl-GapPeriodicity-v1530

ENUMERATED {sf1024}

}

-- ASN1STOP

Observation 1b: If using DL gap, a single measurement occasion of length 2000ms cannot be provided in any configuration and 400ms measurement occasion can only be provided with few configuration. Such restriction on eNB configuration is almost unacceptable.

Based on observation 1b, we think DL gap couldn’t be used for the neighbor cell measurement.

For NPDCCH gap, the value range for the related parameters are as below. The gap duration without PDCCH monitoring can be expressed as npdcch-NumRepetitions * (npdcch-StartSF-USS - 1). If it wants to get a single measurement occasion of length 400ms, the available configurations are very limited, e.g., npdcch-NumRepetitions and npdcch-StartSF-USS need to be configured at least r512 and v2 or r4 and v128. If it wants to get a single measurement occasion of length 2000ms, npdcch-NumRepetitions and npdcch-StartSF-USS needs to be configured at least r2048 and v2 or r16 and v128. Besides, in order to make the neighbor cell measurement under scenario B, D and E feasible, eNB couldn’t schedule uplink transmit during the NPDCCH gap.

NPDCCH-ConfigDedicated-NB information element
-- ASN1START

NPDCCH-ConfigDedicated-NB-r13 ::=
SEQUENCE {


npdcch-NumRepetitions-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,














r256, r512, r1024, r2048,














spare4, spare3, spare2, spare1},


npdcch-StartSF-USS-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},


npdcch-Offset-USS-r13



ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

NPDCCH-ConfigDedicated-NB-v1530 ::=
SEQUENCE {


npdcch-StartSF-USS-v1530


ENUMERATED {v96, v128}

}

-- ASN1STOP

Observation 1c: If using NPDCCH gap, in order to provide a single measurement occasion of length 400ms or 2000ms, there is also much restriction on the scheduling parameters configuration.

Based on the above analysis, we summary Alt2 may result in less available resources for data transmission and further have undesired impacts on service performance. So Alt2 is not preferred while Alt1 is acceptable.

Proposal 5: OFF period of DRX can be used for the neighbour cell measurement under scenario B, D and E. 

3. Conclusion

Based on the discussion we make the following observations and proposals:

Proposal 1: Early RLF is not introduced into NB-IoT.
Proposal 2a: The network can configure separate criteria for NB-IoT UE to trigger intra-frequency measurements and/or inter-frequency measurements in connected mode.

Proposal 2b: The network can provide connected mode measurements criteria via dedicated RRC signaling.

Proposal 3: Network can provide measurement configuration to the UE, e.g., the neighbor frequency, neighbor cells via dedicated RRC signaling.

Proposal 4: The measured cell in idle mode can be sent from UE to the network to facilitate eNB to provide more suitable measurement configuration.

Observation 1a: In order to provide a single measurement occasion of length 400ms or 2000ms, the long DRX cycle would be required for supporting 400ms or 2000ms OFF period in a DRX cycle.

Observation 1b: If using DL gap, a single measurement occasion of length 2000ms cannot be provided in any configuration and 400ms measurement occasion can only be provided with few configuration. Such restriction on eNB configuration is almost unacceptable.
Observation 1c: If using NPDCCH gap, in order to provide a single measurement occasion of length 400ms or 2000ms, there is also much restriction on the scheduling parameters configuration.

Proposal 5: OFF period of DRX can be used for the neighbour cell measurement under scenario B, D and E. 
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