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1. Introduction
In RAN#70, candidate operating bands for NB-IoT were identified. Band 5(B5) and Band 19(B19) are two of the candidate bands. According to the situation of NB-IoT RAN2 specification, in our understanding, there is a high possibility to harmonize B5 and B19 for “NB-IoT” from technical perspective “without much effort”, while it has been said that it is challenging to harmonize B5 and B19 for LTE. In this contribution, we elaborate why harmonization between B5 and B19 for NB-IoT is easier than the harmonization for LTE. Finally, we propose the necessary actions for the harmonization between B19 and B5 for “NB-IoT”.
2. Premise
2.1. freqBandIndicator in SIB for legacy LTE and NB-IoT
When RAN2 discussed SIB contents for NB-IoT, a frequency band to be used for NB-IoT UEs was considered as the same for legacy UEs especially in the in-band operation [1]. After making the RAN2 agreements, TSG-RAN recently endorsed a way forward on prioritised bands for NB-IoT UEs [2]. Among them, there are a few 850 MHz bands partially or completely with each other, i.e., Band 5, 19 and 26. It was due to the fact that different frequency bands of 850 MHz are used in different regions or countries so far. For LTE, to accommodate this situation, a feature of multiple frequency band indicator (MFBI) was introduced and allowed for UEs supporting different overlapping frequency bands to be available in the same cell. The MFBI was added by extending the existing SIB since the UEs supporting different overlapping frequency bands receive the common SIBs. In contrast, for NB-IoT UEs, different SIBs from the legacy are broadcast in different radio resources. In light of the fact that there is no legacy NB-IoT UEs, the MFBI will not be required at the initial launch of NB-IoT service. Operators can decide whether the same frequency band as for the legacy UE is used for NB-IoT UEs or the different frequency band which is overlapped with the legacy frequency band as illustrated in Figure 2.1-1.
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Figure 2.1-1: Possible operation
 for LTE B19 and “NB-IoT” B5


To achieve this, the freqBandIndicator in SIB for NB-IoT UEs has to be set to the different value than the legacy UEs using the entire system bandwidth. Typically, the RRC specification does not restrict the value included in the field, unless it is required for some features to work correctly. As for the frequency band, such a restriction seems not necessary. From current specification point of view, there is no specification impact to achieve it. RAN2, however, agreed that the freqBandIndicator in NB-IoT SIB is set to the same value as the legacy without specific consideration of the harmonization. Note that eMTC has had the same situation, however, it has not been stated that the freqBandIndicator in NB-IoT SIB is set to the same value as the legacy in the latest eMTC CR [3]. That means technically, it is allowed to set different value to freqBandIndicator  in NB-IoT SIB from that in legacy LTE SIB. Hence, in this contribution, we develop our discussion based on that it is possible to apply different value to freqBandIndicator in NB-IoT SIB from that in legacy LTE SIB. Note that the clarification of our understanding will be discussed based on [4, 5] in RAN2. 
3. Harmonization between B5 and B19
3.1. Issue for harmonization between B5 and B19 for LTE
There have been many “LTE” B5 and B19 capable terminals in the market. The fundamental and critical differences of specification for LTE B5 and B19 are available channel bandwidths, additional spurious emission requirements and the associated A-MPR.

The Table 3.1-1 shows the available channel bandwidths for B5 and B19 for LTE, respectively. It can be seen that there are some channel bandwidths not available in either of two bands. 

Table 3.1-1: E-UTRA channel bandwidth

	E-UTRA band / Channel bandwidth

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	5
	Yes
	Yes
	Yes
	Yes
	
	

	19
	
	
	Yes
	Yes
	Yes
	


For LTE B19 operators to make LTE B5 available in their network, mainly three actions are required as summarized in Table 3.1-2.

Table 3.1-2: Actions for B19 operators need to take for LTE B5 usage
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Introduction of MFBI
This action is required regardless of operational channel bandwidths.

Addition of 15 MHz channel bandwidth
This action is the only issue for 15 MHz channel bandwidth operation. It has been said that the addition of 15 MHz channel bandwidth is quite challenging when we discussed adding 15 MHz channel bandwidth into Band 8 (900MHz) in RAN4. The reason is that there are many LTE B8 capable terminals in the market which can only work under up to 10 MHz channel bandwidth network. Adding 15 MHz channel bandwidth into B5 is quite similar to the situation for B8. This, however, becomes not an issue if the LTE B19 operators are acceptable to the situation that already available terminals supporting LTE B5 but not LTE B19 stop working in their network when they expand their channel bandwidth from 10 to 15 MHz channel bandwidth.
From the existing B5 operator point of view, the addition of 15 MHz channel bandwidth does not cause any issues since they just continue their service using up to 10 MHz channel bandwidth.

· Observation 1: Addition of 15 MHz channel bandwidth itself is not a fundamental issue. Selecting 15 MHz channel bandwidth operation for LTE B5, however, cannot make maximum use of the already available terminals in the market.

Making LTE B5 UEs satisfy “additional” spurious emission requirements for LTE B19
Applying RBs restriction method to legacy UEs 
For legacy LTE B5 UEs, they may or may not understand NS_08 so that LTE B19 operators may need to use RB restriction method except for 5 MHz channel bandwidth operation.

Applying NS for A-MPR to new B5 UEs 
Thanks to multiple NS feature, they can understand the new NS so that if we can add new requirements to LTE B5,  the issues are technically resolved.
· Observation 2: The issue caused by addition of “additional” spurious emission requirement for LTE B19 to LTE B5 can be resolved by RB restriction method and multiple NS feature.
3.2. Harmonization between B5 and B19 for “NB-IoT”
Firstly, “technically” LTE terminals do “NOT” have to read system information dedicated to NB-IoT. Similarly, NB-IoT terminals do “NOT” have to read system information specific to LTE. In addition, there are “NO” NB-IoT terminals at this moment.
· Observation 3: Different system information is broadcast to LTE and NB-IoT terminals, respectively

· Observation 4: No NB-IoT terminals in the market unlike in the case of the harmonization for LTE B5 & B19.

In consideration of the above Observation 3 and 4, we discuss the feasibility of the harmonization between B5 and B19 for NB-IoT. We assume the case that existing LTE B19 operators use LTE B19 and NB-IoT B5. Note that it is NOT assumed that the LTE B19 operator operates “LTE” B5. Hence, no spec changes are required for LTE B5.
Introduction of MFBI
This action is “NOT” required regardless of operational channel bandwidths for LTE since when LTE B19 UEs and NB-IoT B5 UEs read different system information from Observation 3.　
Additional requirements for “NB-IoT” B5 to be available in E-UTRA 15 MHz channel bandwidth
This action is necessary. It is, however, completely technically possible. If it is technically NOT possible to create NB-IoT B5 UEs available within E-UTRA 15 MHz channel bandwidth, it means it is NOT possible to create NB-IoT B19 UEs as well. In addition, there are significant differences between harmonization of “LTE B19 and LTE B5” and that of “LTE B19 and NB-IoT B5”. From Observation 3, LTE B19 operators can conduct their operation for both LTE B19 and NB-IoT B5 independently within the same E-UTRA channel bandwidth. In addition, from Observation 4, there are no NB-IoT B5 terminals so that now is the ideal opportunity to make harmonization between LTE B19 and NB-IoT B5.
Making “NB-IoT” B5 UEs satisfy “additional” spurious emission requirements for LTE B19
Applying RBs restriction method to legacy UEs 
There are no issues since there are no legacy NB-IoT UEs.

Applying NS for A-MPR to “NB-IoT” B5 UEs 
No A-MPR is necessary for “NB-IoT” B5 UEs to satisfy additional spurious emission requirements for LTE B19 since the transmission bandwidth is just up to 180 kHz and the LO is always center of the 180 kHz so that the noise from “NB-IoT” B5 UEs do not reach B18 DL with higher level at all. It should be also note that even LTE B19 UEs are allowed to use A-MPR only when the number of RBs is more than 44 RBs when they receive NS_08. Hence, it is natural that any A-MPR is not necessary for “NB-IoT” B5 UEs to satisfy the additional spurious emission requirements
Summary of the above discussion is captured in Table 3.2-1.

Table 3.2-1: Actions for B19 operators need to take for “NB-IoT” B5 usage

[image: image3.png]Action for “LTE “B19 operators to use “NB-loT” B5

Actions LTE B19 operation channel bandwidth

5 MHz 10 MHz 15 MHz

Introduction of MFBI

Adding the requirements for “NB-loT" B5 UEs to be available within

E-UTRA 15 MHz channel bandwidth Yes (feasible)

Making “NB-loT” BS UEs satisfy additional spurious emission for B19

Yes(easily satisfied) Yes(easily satisfied) Yes(easily satisfied)

Applying RBs restriction method to legacy UEs

Applying NS for A-MPR to new UEs





3.3. Proposal
With the above consideration, it is identified that the hurdle to overcome to realize the harmonization between B19 and B5 for “NB-IoT” is even lower that that between B19 and B5 for LTE. In addition, the feasibility is confirmed so that the only things we need to do is just introducing the requirements for “NB-IoT” B5 to be available within E-UTRA 15 MHz channel bandwidth and making “NB-IoT” B5 satisfy additional spurious emission requirements. Finally, we believe that now is that best opportunity to achieve this since there are no NB-IoT B5 and B19 terminals in the market.

Thus, we propose the following.
· Proposal 1: Introduce the requirements to make “NB-IoT” B5 terminals available within E-UTRA 15 MHz channel bandwidth.
· Proposal 2: Introduce the requirements to make “NB-IoT” B5 terminals satisfy “additional spurious emission requirements for LTE B19.
· Note that we do NOT propose to change “LTE” B5 requirements.
4. Conclusion
In this contribution, it is identified that the hurdle to overcome to realize the harmonization between B19 and B5 for “NB-IoT” is even lower that that between B19 and B5 for “LTE”. In addition, the feasibility is confirmed so that the only thing we need to do is just adding 15 MHz channel bandwidth and its associated requirements into NB-IoT B5. Finally, we believe that now is the best opportunity to achieve this since there are no NB-IoT B5 and B19 terminals in the market.

Thus, we propose the following.

· Proposal 1: Introduce the requirements to make “NB-IoT” B5 terminals available within E-UTRA 15 MHz channel bandwidth.
· Proposal 2: Introduce the requirements to make “NB-IoT” B5 terminals satisfy “additional spurious emission requirements for LTE B19.
· Note that we do NOT propose to change “LTE” B5 requirements.
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