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1
Introduction
In last RAN meeting a WI was approved for addition of new operating bands for NB-IoT. In this contribution we discuss the issues that need attention before CR can be approved.
2
Discussion

2.1
Specification changes

To add a new band for NB-IoT following sections need attention 

1. 5.5F
Operating bands for category NB1
2. 6.2.2F
UE maximum output power for category NB1
3. 7.3.1F
Minimum requirements for UE category NB1 (REFSENS)

4. 7.6.2.1F
Minimum requirements for category NB1 (OOB Blocking)

Items 1-3 are trivial and can be introduced with following changes to 36.101

************************** Start of changes ************************************************

5.5F
Operating bands for category NB1
Category NB1 is designed to operate in the E-UTRA operating bands 1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 25, 26, 28, 31, 66 and 70 which are defined in Table 5.5-1. Category NB1 system operates in HD-FDD duplex mode.

************************** Un-changed section ************************************************

6.2.2F
UE maximum output power for category NB1
Category NB1 UE Power Classes are specified in Table 6.2.2F-1 and define the maximum output power for any transmission bandwidth within the category NB1 channel bandwidth. For 3.75 kHz sub-carrier spacing the maximum output power is defined as mean power of measurement which period is atleast one slot (2ms) excluding the 2304Ts gap when UE is not transmitting. For 15kHz sub-carrier spacing the maximum output power is defined as mean power of measurement which period is atleast one sub-frame (1ms).

Table 6.2.2F-1: UE Power Class

	EUTRA band
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	1
	23
	±2
	20
	±2

	2
	23
	±2
	20
	±2

	3
	23
	±2
	20
	±2

	5
	23
	±2
	20
	±2

	8
	23
	±2
	20
	±2

	11
	23
	±2
	20
	±2

	12
	23
	±2
	20
	±2

	13
	23
	±2
	20
	±2

	17
	23
	±2
	20
	±2

	18
	23
	±2
	20
	±2

	19
	23
	±2
	20
	±2

	20
	23
	±2
	20
	±2

	25
	23
	±2
	20
	±2

	26
	23
	±2
	20
	±2

	28
	23
	±2
	20
	±2

	31
	23
	±2
	20
	±2

	66
	23
	±2
	20
	±2

	70
	23
	±2
	20
	±2


************************** Un-changed section ************************************************

7.3.1F
Minimum requirements for UE category NB1

7.3.1F.1
Reference sensitivity for UE category NB1

The category NB1 UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2  with received signal level as specified in Table 7.3.1F.1-1. Requirement in Table 7.3.1F.1-1 applies for any uplink configuration.

Table 7.3.1F.1-1: Reference sensitivity for UE category NB1

	Operating band
	REFSENS [dBm]

	1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 25, 26, 28, 31, 66 , 70
	- 108.2 


7.3.1F.2
Sensitivity with repetitions for UE category NB1

In order to guarantee the UE performance in extreme coverage scenario enabled by usage of repetitions additional repetition sensitivity requirement is defined.  Repetition sensitivity requirement applies only for normal conditions as defined in Annex E.2. Other category NB1 receiver requirements are not applicaple for repetition sensitivity defined in Table 7.3.1F.2-1.

The category NB1 UE throughput shall be ≥ TBD% of the maximum throughput of the repetition reference measurement channel as specified in Annex A.3.2 with received signal level and parameters as specified in Table 7.3.1F.2-1. Requirement in Table 7.3.1F.2-1 applies for any uplink configuration.

Table 7.3.1F.2-1: Repetition sensitivity for UE category NB1

	Operating band
	Sensitivity [dBm]
	NB-PDSCH repetitions
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	1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 25, 26, 28, 31, 66 , 70
	TBD
	TBD


************************** Un-changed section ************************************************
2.2
Out-of–band -blocking

However the out of band blocking requirement is not that straight forward for some of the bands. NB-IoT OOB requirement has following notes to enable to use a single receive filter to group bands that are close by. Note 1 groups bands which downlink frequency range is between 729 MHz < 1 GHz and note 2 groups bands which downlink frequency range is between 1805 MHz < f < 2200
NOTE 1:
For operating bands which downlink band frequency range is between 729 MHz < 1 GHz the power level of the interferer (PInterferer) for Range 3 shall be modified to: -18 dBm for the frequency range which is bounded by FDL_low  - 150 MHz of the lowest band that UE supports in frequency range 729 MHz < 1 GHz and FDL_high  + 150 MHz of the highest band that UE supports in frequency range 729 MHz < 1 GHz.
NOTE 2:
For operating bands which downlink band frequency range is between 1805 MHz < f < 2200 MHz the power level of the interferer (PInterferer) for Range 3 shall be modified to: -20 dBm for the frequency range which is bounded by FDL_low- 200 MHz of the lowest band that UE supports in frequency range 1805 MHz < f < 2200 MHz and FDL_high  + 200 MHz of the highest band that UE supports supports in frequency range 1805 MHz < f < 2200 MHz.
In Table 1 we have listed downlink frequency ranges for the bands part of the WI.

Table 1: Downlink bands

	E‑UTRA Operating Band
	Downlink (DL) operating band
BS transmit 
UE receive

	
	FDL_low  –  FDL_high

	11
	1475.9 MHz
	–
	1495.9 MHz 

	25
	1930 MHz
	–
	1995 MHz

	31
	462.5 MHz
	–
	467.5 MHz

	70
	1995 MHz
	–
	2020 MHz


As can be seen bands 25 and 70 are within note 2 group and can be implement with same filter as other note 2 group bands. But for band 31 there is a separation of 261.5 MHz to lower edge of note 1 frequency range and for band 11 there is a separation of 312.5 MHz to lower edge of note 2 range and separation of 475.5 MHz to higher edge of note 1 range
2.2.1
Band 31

The question that needs to be solved is that is band 31 added into note 1 range or does it need a new range? If band 31 is added as a new note then it would mean that it will be the only band in that group and might do the implementation of band 31 less attractive. If band 31 is added under note 1 range (which then would need to be modified) it would mean that all bands which are between 462.5 MHz – 1GHz can be introduced for NB-IoT operation quite easily. From current bands only band 44 is partially in the range between band 31 and note 1 range. However there is an aution ongoing in US to allocate some frequencied to cellular usage but the exact frequency range is not know at the moment. This 600 MHz band would be attractive to NB-IoT operation due to good propagation characteristics.
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Figure 1: Low bands arrangement
2.2.2
Band 11
Exactly same questions are in table for band 11 as for bands 31. Should note 2 range be extended to cover bands 11 or should it be grouped under new note range for which it would be only band at the moment. From Figure 2 we can see that from current bands 21, 24 and 45 could be grouped under the sam note if there is a need for NB-IoT operation.
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Figure 2: High bands arrangement
2.2.3
Conclusion
If band 31 is included into note 1 range and band 11 into note 2 range then as there are quite a lot of spectrum inside these filters which is not used for cellular operation it raise a question of what kind of blockers are then coupling with filter attenuation into receiver LNA. For low bands it is quite obvious that interferes are TV broadcasting for high bands ther would be more diversity on interferers some of being 3GPP uplink bands. It is however worth to remember that already with current specification note 1 range is such that it allows quite gentel filter roll of there for some of the TV channels will couple to NB-IoT receiver input without significant attenuation hence there is no profund difference to current situation if band 31 is added into note 1 group. Also if UE does not implement the band 31 then the requirement stays as it is now due to the wording of the notes.
RAN4 needs to make a decision that is it possible to implement all NB-IoT bands (up to 2200 MHz) with 2, 3 or 4 receive filter. In our view band 31 should be added into the note 1 group. Reasons behind this are
1. Keep the number of necessary  reveive filters as low as possible

2. When new bands in 600 MHz region are introduced those can utilize same filter

3. If band 31 requires dedicated filter it might not be attractive to be implemented.

Concearning the band 11 one option is to add it to note 2 group with the similar reasons as above. Alternative approach would be to create new group for mid bands especially if there are potential new bands in freqyency range 1 GHz – 1.8 GHz. On the other hand if there will be new bands above 2.2 GHz those would like to require then a fourt filter in addition to low, mid and high-filter. Hence as a conclusion our proposal for bands 11 is that it is grouped with note 2 bands.
Proposal 1: Band 31 is added into note 1 group in Table Table 7.6.2.1F-1 (NB-IoT OOB-blocking)

Proposal 2: Band 11 is added into note 2 group in Table Table 7.6.2.1F-1 (NB-IoT OOB-blocking)

3 
Summary

In this contribution, we have dhave made following proposals.
Proposal 1: Band 31 is added into note 1 group in Table Table 7.6.2.1F-1 (NB-IoT OOB-blocking)

Proposal 2: Band 11 is added into note 2 group in Table Table 7.6.2.1F-1 (NB-IoT OOB-blocking)
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