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1. Introduction

In early RAN4 #78AH meeting, RAN4 had discussion on definitions and applicability of NRSRP/NRSRQ for NB-IoT. Eventually, RAN4 reached consensus and sent an LS [1] to RAN1/RAN2. Based on the LS [1], RAN1 then approved a CR [2] to introduce the definitions of NRSRP/NRSRQ into TS36.214.
However, from [2] it can be observed that NRSRQ is only applicable for intra-frequency measurement. In this contribution, we will discuss the applicability of NRSRQ for inter-frequency measurement.
2. Discussion
In last RAN2 #94 meeting, a CR [3] was approved to introduce NB-IoT into TS36.304, in which one can see that the measurement rules for NB-IoT cell reselection is very similar with legacy LTE, i.e.:
	When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NB-IoT inter-frequencies which are indicated in system information:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements.

-
Otherwise, the UE shall perform inter-frequency measurements.


From above it can be found that UE also need to perform inter-frequency measurement if the serving cell can’t fulfill Srxlev > SnonIntraSearchP. After measurement, if some neighbor cell turns out to be better than serving cell according to cells ranking (only reselection based on ranking is supported by Cat-NB1 UE). Then UE shall reselect to the neighbor cell. Actually, from UE measurement procedure point of view, UE firstly needs to search the neighbor cell. And then perform measurement on the cell. Note that the UE shall rank the cell only if the cell can fulfill the cell selection criterion S, which can be found in TS36.304 section 5.2.4.6:
	The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2 (5.2.3.2a for NB-IoT), but may exclude all CSG cells that are known by the UE not to be CSG member cells.


Furthermore, cell selection criterion for NB-IoT is specified in TS36.304 section 5.2.3.2a:

	5.2.3.2a
Cell Selection Criterion for NB-IoT
The cell selection criterion S is fulfilled when:

Srxlev > 0  AND  Squal > 0

where: 
Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp
where:

Srxlev

Cell selection RX level value (dB)

Squal

Cell selection quality value (dB)

Qoffsettemp
Offset temporarily applied to a cell as specified in [3] (dB)
Qrxlevmeas
Measured cell RX level value (RSRP)
Qqualmeas
Measured cell quality value (RSRQ)
Qrxlevmin
Minimum required RX level in the cell (dBm)

Qqualmin
Minimum required quality level in the cell (dB)

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]




From above it can be observed that NRSRQ is also involved in cell selection criterion, which is essential in cell reselection procedure. Since inter-frequency cell reselection is supported, UE also need to verify whether a inter-frequency neighbour can fulfil the S criterion. Therefore, NRSRQ is also essential for inter-frequency measurement. Thus we can have the following conclusions:

Observation 1: NRSRQ measurement is essential for both intra-frequency and inter-frequency cell reselection.

Proposal 1: NRSRQ is also applicable for inter-frequency measurement. 
Furthermore, since the definition was firstly agreed in RAN4 and then liaised to RAN1, RAN1 could (should) not agree for itself if it was against a RAN4 agreement. Thus RAN4 needs to inform RAN1 with this information.
Proposal 2: RAN4 shall send an LS to RAN1 so that RAN1 could update the applicability of NRSRQ measurement in TS36.214.
3. Conclusions

In this contribution, we provide discussion on applicability of NRSRQ measurement for Cat-NB1 UE. Since inter-frequency cell reselection is supported, UE also need to perform inter-frequency measurement. From UE procedure perspective, the cell reselection process is: step 1) verification of the suitability criteria and then 2) ranking on the neighbor suitable cells. As NRSRQ is also essential for verification of the suitability of inter-frequency target cell, we have following proposals:
Observation 1: NRSRQ measurement is essential for both intra-frequency and inter-frequency cell reselection.

Proposal 1: NRSRQ is also applicable for inter-frequency measurement. 
Proposal 2: RAN4 shall send an LS to RAN1 so that RAN1 could update the applicability of NRSRQ measurement in TS36.214.
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