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1 Background
In this contribution some RRM related issues in NB-IoT are discussed. RAN2 sent an LS to RAN4 [1] for input on RRM related issues to complete the stage 3 specifications for NB-IoT. Some of these RRM issues are further discussed in this contribution.
2 Discussion
Pcompensation

RAN4 agreed to introduce a power class of 20 dBm in additional to 23 dBm [2]:

· Maximum output power classes 3 (23 dBm) is specified for NB-IOT.
·  Also power class 5 (20dBm) is specified for NB-IoT
Thus for NB-IoT there will be a UE defined in 36.101 with maximum RF output power PPowerClass of 20 and 23 dBm. Thus there is a need for Pcompensation in cell selection criterion S in NB-IoT: 

Proposal 1: NB-IoT supports Pcompensation, for RSRP in cell selection criterion S in NB-IoT i.e.: 

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp
Pcompensation is max(P-Max – PPowerClass, 0) (dB) when additionalPmax is not supported. P-max is the maximum uplink transmission power in the cell. Based on the applicable UE power classes of 20 and 23 dBm the legacy range for P-max is deemed sufficient for NB-IoT:

Proposal 2: In NB-IoT the range of P-max is INTEGER (-30..33).

It is assumed that RAN4 will respond with the applicable range for RSRP and RSRQ measurements in NB-IoT (i.e. range for Qrxlevmeas and Qqualmeas). Based on the RSRP and RSRQ range in NB-IoT RAN2 can determine if range for Qrxlevmin and Qqualmin need to be modified for NB-IoT:

· Qqualmin = IE value [dB]
· Q-QualMin-r9 ::= INTEGER (-34..-3)
· Qrxlevmin = IE value * 2 [dBm]
· Q-RxLevMin ::= INTEGER (-70..-22)
Proposal 3: Based on the RAN4 decision for the range of RSRP and RSRQ measurements RAN2 will decide the required range for Qrxlevmin and Qqualmin.

NS-PmaxList

The NS-Pmaxlist includes up to 8 NS values for additionalPmax and additionalSpectrumEmission. Fewer NS values are expected to be needed in NB-IoT, i.e. up to 4 NS values per band are deemed sufficient for NB-IoT:

Proposal 4: In case RAN4 indicates the need to support a NS-Pmaxlist in NB-IoT the maximum number of NS values in NS-Pmaxlist is four (i.e. maxNS-Pmax = 4)
The same range for additionalPmax as for P-max can be used in NB-IoT: 

Proposal 5: In case RAN4 indicates the need to support a NS-Pmaxlist in NB-IoT the additionalPmax has a range of INTEGER (-30..33).

The possibility to define up to 32 spectrum emissions in 36.101 seems also sufficient for NB-IoT: 
Proposal 6: In case RAN4 indicates the need to support a NS-Pmaxlist in NB-IoT additionalSpectrumEmission has a range of INTEGER (1..32). 

The NS-Pmaxlist in legacy is signalled in SIB1, SIB3, and SIB5. It is proposed that RAN2 has a working assumption that the list is signalled in the legacy way, but also discusses if the signalling can be reduced:

Proposal 7: RAN2 to discuss if the broadcast of NS-Pmaxlist in system information can be reduced.

Legacy NS-Pmaxlist signalling:

· MIB: NS-PmaxList  for serving frequency and NS-PmaxList  per overlapping frequency band (up to 8)

· SIB3: NS-PmaxList  common for all intra-frequency cells and NS-PmaxList  per overlapping frequency bands (up to 8) for intra-frequency cells
· SIB5: NS-PmaxList  per inter-frequency including NS-PmaxList  per overlapping frequency bands (up to 8) for inter-frequency cells
RAN2 made a working assumption that support of NS-Pmaxlist is mandatory:

· We assume that NB-IoT supports additionalSpectrumEmission and additionalPmax per band (8 bands), and we assume this is mandatory for the UE. (check the params with R4)
In legacy LTE the multiNS-Pmax is an optional UE capability. There may not be a need for multiNS-Pmax in the first phases of the NB-IoT deployment, but more likely later when additional bands are added with additional requirements. To avoid problems with IOT testing opportunities in the network it is proposed to make this feature optional and introduce UE capability signalling for this feature:

Proposal 8: Introduce a UE capability for multiNS-Pmax support in NB-IoT.
multiBandInfoList
It is proposed to keep the maximum number of frequency bands in the MFBI list of 8:
Proposal 9: The MFBI list in NB-IoT supports up to 8 bands.

NB-IoT bands
RAN4 agreed to introduce a new table in TS 36.101 for the operating bands in NB-IoT [3], see also appendix. The NB-IoT band in 36.331 is indicated with an index to this table in 36.331. There could be many bands for NB-IoT in the future, i.e. to be future proof it is proposed to support up to 256 band indicators in NB-IoT:

Proposal 10: The frequency band indicator in NB-IoT supports up to 256 bands.(maxFBI = 256)
RLM

RAN4 is studying the RLM requirements in NB-IoT, and it is expected that a larger T310 timer range is needed in NB-IoT (e.g. beyond 4 seconds) due to longer RLM evaluation period in bad coverage conditions: 

Proposal 11: RAN2 to await RAN4 outcome to determine the T310 value range in NB-IoT.
RRM measurements
RAN4 decided for RRM measurement in NB-IoT [4]:

· UE is allowed to perform measurement using either NB-RS or NB-SSS or a combination
· RSRP for NB-IoT shall be referred to as NRSRP (NarrowBand-RSRP)
· RSRQ for NB-IoT shall be referred to as NRSRQ (NarrowBand-RSRQ)
· Minimum number of inter-frequency carriers that the NB-IoT UE shall be able to monitor is [2] (excluding serving carrier. It is FFS whether to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band)
· RAN4 is to define inter-frequency measurement requirements treating all carriers as normal performance carriers as in Rel-13. IncMon framework will not be used since number carriers is expected to be small

It is assumed that this type of new RSRP/RSRQ measurements in NB-IoT, by using reference signals, synchronization signals, or a combination, does not have a direct impact on the UE mobility requirements in 36.304. But it might be good to mention the NRSRP and NRSRQ measurements also in 36.304 in case this terminology is used in 36.133.
Proposal 12: NRSRP and NRSRQ measurements are introduced in 36.304
RAN4 decided not to use IncMon in NB-IoT, therefore IE measScaleFactor and IE reducedMeasPerformance are not supported in NB-IoT: 
Proposal 13: NB-IoT does not support IE measScaleFactor nor IE reducedMeasPerformance 

3 Summary

RAN2 is kindly asked to discuss RRM related issues in NB-IoT: 

Proposal 1: NB-IoT supports Pcompensation, for RSRP in cell selection criterion S in NB-IoT i.e.: 

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp
Proposal 2: In NB-IoT the range of P-max is INTEGER (-30..33).

Proposal 3: Based on the RAN4 decision for the range of RSRP and RSRQ measurements RAN2 will decide the required range for Qrxlevmin and Qqualmin.

Proposal 4: In case RAN4 indicates the need to support a NS-Pmaxlist in NB-IoT the maximum number of NS values in NS-Pmaxlist is four (i.e. maxNS-Pmax = 4)

Proposal 5: In case RAN4 indicates the need to support a NS-Pmaxlist in NB-IoT the additionalPmax has a range of INTEGER (-30..33).

Proposal 6: In case RAN4 indicates the need to support a NS-Pmaxlist in NB-IoT additionalSpectrumEmission has a range of INTEGER (1..32). 

Proposal 7: RAN2 to discuss if the broadcast of NS-Pmaxlist in system information can be reduced.

Proposal 8: Introduce a UE capability for multiNS-Pmax support in NB-IoT.

Proposal 9: The MFBI list in NB-IoT supports up to 8 bands.

Proposal 10: The frequency band indicator in NB-IoT supports up to 256 bands.(maxFBI = 256)

Proposal 11: RAN2 to await RAN4 outcome to determine the T310 value range in NB-IoT.

Proposal 12: NRSRP and NRSRQ measurements are introduced in 36.304
Proposal 13: NB-IoT does not support IE measScaleFactor nor IE reducedMeasPerformance 
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5 Appendix: NB-IoT operating bands

From [3]:

5.5E
Operating bands for NB-IoT
E-UTRA NB-IoT is designed to operate in the operating bands defined in Table 5.5.E-1.
Table 5.5E-1 NB-IOT operating bands

	 NB-IOT Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	HD-FDD

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	HD-FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	HD-FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	HD-FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	HD-FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	HD-FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	HD-FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	HD-FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	HD-FDD

	19
	830 MHz 
	–
	845 MHz
	875 MHz
	–
	890 MHz
	HD-FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	HD-FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	HD-FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	HD-FDD

	66
	1710 MHz
	–
	1780 MHz 
	2110 MHz
	–
	2200 MHz
	HD-FDD
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