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1. Introduction

In last RAN2 #93bis meeting, an LS [1] was approved to RAN4 on NB-IoT RRM measurement. RAN2 has discussed the idle mode mobility and confirmed some aspects need RAN4 input. In this contribution, we provide analysis on each question. After discussion, a reply LS is proposed.
2. Discussion
For information, here we copy the content of LS:
RAN2 has discussed the idle mode mobility and confirmed some aspects need RAN4 input. As RAN2 is targeting to close all remaining issues at RAN2#93bis and complete ASN.1 at the adhoc in May 3-4, RAN2 kindly asks RAN4 to provide feedback for the following aspects as soon as possible and no later than the adhoc meeting: 

· RAN2 assumes that RSRQ is only used to determine suitability, i.e. cell selection. RAN2 would like to ask RAN4 to confirm whether this is in line with RAN4’s understanding. If RSRQ is supported for cell selection, RAN2 would like to RAN4 to further provide the value range of q-Qual for NB-IoT.  

· RAN2 agrees RSRP is used for both cell selection and cell reselection and would like to ask RAN4 to provide range of q-RxLev.

· RAN2 assumes that Pcompensation is used in the cell selection criteria S: Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation – Qoffsettemp and would like to ask RAN4 whether this in line with RAN4’s understanding and if so to provide parameters and the associated value ranges to calculate the Pcompensation.

· RAN2 assumes that NB-IoT supports additionalSpectrumEmission and additionalPmax per band (8 bands), and this is mandatory for the UE. RAN2 would like to ask RAN4 whether this assumption is correct and to provide value ranges for relevant parameters. 
· RAN2 would also like to ask RAN4 to provide feedback on whether a NB-IoT carrier is identified by <EARFCN, offset>  

In the following sections, we will discuss the issues one by one.

2.1. Applicability and range of RSRP/RSRQ
One can see from [2] section 5.2.4.2 that if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements in existing LTE system. The intension for power saving, i.e. UE may not consider cell reselection if the signal quality of serving cell is still good. Meanwhile, when serving cell becomes poor, UE may perform intra-frequency measurement for cell reselection. 
For NB-IoT, as can be seen in first bullet above, RAN2 would like to preclude RSRQ measurement in cell reselection procedure, i.e. UE may choose to perform intra-frequency measurement or not based on only Srxlev. Considering very low mobility of NB-IoT, we think that this would not impact the system performance significantly. On the other hand, this is also beneficial for power saving. But for RSRP measurement, it is of course essential for both cell selection and reselection, given that it is the only measurement besides RSRQ.
Furthermore, note that in intra-frequency cell reselection procedure, the cells shall be ranked according to the R criteria specified in [2], deriving Qmeas,n and Qmeas,s and calculating the R values using averaged RSRP results. RSRQ is not involved. Even LTE system, UE in IDLE state only perform RSRQ measurement for higher priority E-UTRAN frequency or inter-RAT frequency than the serving frequency. However, it has already been decided in RAN2 that cell reselection based on priority shall not be supported for NB-IoT.
Observation 1: RAN2 assumption on applicability of RSRQ is in line with RAN4 understanding.
Although there is agreement that measurement report is not supported, RAN4 still to discuss the range of RSRP. As the corresponding parameters in LTE q-RxLevMin and q-QualMin are reused in system information, which are used for cell selection/reselection. 

intraFreqCellReselectionInfo

SEQUENCE {



q-RxLevMin






Q-RxLevMin,



p-Max







P-Max





OPTIONAL,

-- Need OP



s-IntraSearch





ReselectionThreshold

OPTIONAL,

-- Need OP



allowedMeasBandwidth



AllowedMeasBandwidth

OPTIONAL,

-- Need OP



presenceAntennaPort1



PresenceAntennaPort1,



neighCellConfig





NeighCellConfig,



t-ReselectionEUTRA




T-Reselection,



t-ReselectionEUTRA-SF



SpeedStateScaleFactors

OPTIONAL

-- Need OP

},


...,

…
CellSelectionInfo-v920 ::=


SEQUENCE {


q-QualMin-r9





Q-QualMin-r9,


q-QualMinOffset-r9




INTEGER (1..8)





OPTIONAL
-- Need OP

}

…
For NB-IoT, similar procedure has been agreed in RAN2. Considering enhanced coverage, RAN2 needs RAN4 to check whether there is potential change on range of q-RxLev. Here we provide some analysis on the range. Assume that:

Thermal noise density: -174dBm/Hz

Resource element bandwidth: 15KHz

Receiver noise figure: 9dB

Thus the effective noise power per RE can be: -174+10*log(15000)+9=-123.24dBm. In RAN1 the worst SNR is assumed to be around -12.6dB. Thus we can have the minimum RSRP as:

-123.23dBm-12.6dB=-135.83dBm

It can be found in TS36.331 that the range of existing q-RxLevMin is [-70, -22]. The corresponding Qrxlevmin is [-140, -44] (Qrxlevmin = IE value * 2). So if we reuse the range (in LTE) of this parameter, there would be still 4~5dB margin left. Furthermore, this parameter is used as a RSRP threshold in cell selection/reselection evaluation. We think it would be meaningless to have any threshold below -140dB. Therefore it is reasonable that the minimum RSRP for NB-IoT is still within the range of Qrxlevmin. 

Furthermore, similar case can be found in eMTC. In eMTC, we also have coverage enhancement. But the range of q-RxLevMinCE-r13 was kept the same as q-RxLevMin.

Observation 2: the range of q-RxLevMinCE in existing TS36.331 could be reused for NB-IoT.
Regarding q-QualMin, the release 8 range is [-19.5, -3]. This is calculated based on the assumption that the worst SINR is -8dB. Considering coverage enhancement, the worst SINR could be lower, down to -12.6dB or even lower. Thus the existing range of q-QualMin shall be extended in this case. Actually, similar discussion occurred in eMTC. The IE CellSelectionInfoCE containing cell selection information for CE was introduced in release 13, in which one can see that: 
CellSelectionInfoCE information element
-- ASN1START

CellSelectionInfoCE-r13 ::=

SEQUENCE {


q-RxLevMinCE-r13



Q-RxLevMin,


q-QualMinRSRQ-CE-r13


Q-QualMin-r9





OPTIONAL
-- Need OR

}

-- ASN1STOP

And

Q-QualMin information element

-- ASN1START

Q-QualMin-r9 ::=




INTEGER (-34..-3)
-- ASN1STOP

The range of Q-QualMin was extended from [-19.5, 3] to [-34, 3] in eMTC considering coverage enhancement. Assuming the SINR level is XdB when RSRQ is -34dB, we can have:
RSRQ = N*RSRP/RSSI ( 0.000398

Where the RSRQ is expressed in linear scale

Note that RSRP is expressed on resource element level and each resource block comprises of 12 sub-carriers. Consider one PRB and assume that received total power from the cell whose RSRQ is measured is 1, then:

RSRQ = N*RSRP/RSSI = 1/12/RSSI = 0.000398

Thus the RSSI in linear scale can be 209.32*RSRP. So the SINR can be written as:
X = SINR = RSRP/(RSSI-RSRP) = 1/(209.32-1) ( 0.0048 (linear scale) ( -23.19dB
It can be observed that when the RSRQ is -34dB, the corresponding SINR level would be -23.19dB, which is far below the worst SINR in RAN1 evaluation. Thus we can have the following observation:
Observation 3: the range of q-QualMinRSRQ-CE in existing TS36.331 could be reused for NB-IoT.
2.2. RF issues
The following bands shall be considered with high priority within Release 13: 

· Bands 1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66
It is foreseen that NB-IoT UE also support different NS and p-Max values, e.g. UE supports multiple bands with overlapping spectrum (band5/band19/band26). Hence existing LTE value ranges could be re-used.
Observation 4: NB-IoT supports additionalSpectrumEmission and additionalPmax, and existing LTE value ranges for relevant parameters could be re-used for NB-IoT.
From the definition as below in TS 36.304, Pcompensation is related to Ppowerclass, legacy P-Max and the additional P-Max. Currently RAN4 agreed power class 3 and power class 5 for NB-IoT. And as discussed above, UE will support multiple P-Max values. Hence existing LTE parameters and associated value ranges could be re-used.
Observation 5: Pcompensation shall be used in the cell selection criteria S and existing LTE parameters and associated value ranges could be re-used.
	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB);

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in [TS 36.101]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in [TS 36.101]


3. Conclusions

In this contribution we provide detailed analysis on RAN2 LS. After discussion a reply LS is proposed in [3]
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