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1 Introduction
The issue of updating AAS BS specifications so that where relevant they reference the latest non-AAS specifications and also non-referenced text remains consistent with the non-AAS specifications is ongoing. It is currently complicated by the inclusion of some large changes in the non-AAs specifications around the LAA and NB-IoT features.

In RAN4#80bis the WF [1] was approved where the issues were identified and companies asked to answer if these features should be included or not.

This contribution contains our analysis of the issue. 
2 Discussion

2.1 LAA
LAA additions are centered around the addition of band 46. This band has been added to the table of supported frequencies in the E-UTRA SR core specification TS 36.104 (v13.1.0) but has not yet been added to the MSR core specification, 37.104 (v14.1.0).
The AAS specification currently references the MSR specification so at this time neither the AAS BS or the MSR specification have a LAA requirement.

2.1.1.1 References to 36.104

The E-UTRA specification has band 46 and band 47 included and there are a number of key requirements specifically for band 46 highlighted through the specification. 

	Section
	Title
	Ref in 37.105
	Comment

	4.3
	General - Regional requirements
	 
	"In addition for Band 46 operation, the BS may have to comply with …."
If we implement band 46 we would need to copy such text

	5.5
	Operating bands and channel arrangement - Operating bands
	 
	Band 46 and 47 added to operating band table - additional table for Band 46 sub-bands
We have general reference 37.014 for this section - so will be effectively updated when 37.104 is.
If we exclude LAA then we need to make a comment making clear there are no AAS BS requirements for this band

	5.7.1
	Operating bands and channel arrangement - Channel spacing
	 
	additional carrier spacing for B46
Again we have general ref to 37.105 - when 37.105 is updated we must either include B46 or make exception.

	5.7.1A
	Operating bands and channel arrangement - CA Channel spacing
	 
	covered by ref to 37.104 (as above)

	5.7.3
	Carrier frequency and EARFCN
	 
	covered by ref to 37.104 (as above)

	6.2
	Transmitter characteristics - Base station output power
	 
	Additional  statement covering B46
We do not use referencing so if implement B46 would need to add similar statement.

	6.2.2
	Transmitter characteristics - Base station output power - Additional requirement (regional)
	6.2.2.4.2
	Clarification for B46 - if not implemented a general statement should be enough to exclude

	6.6.2.1
	Unwanted emissions - Adjacent Channel Leakage power Ratio (ACLR) - Minimum requirement
	6.6.3.4
	1) Clarification for B46 - if not implemented a general statement should be enough to exclude.
2) Two tables for Band 46 requirements - again general exclusion should be enough

	6.6.2.2
	Unwanted emissions - Adjacent Channel Leakage power Ratio (ACLR) - Cumulative ACLR requirement in non-contiguous spectrum
	6.6.3.4
	2) Two tables for Band 46 requirements - again general exclusion should be enough

	6.6.3.2D
	Unwanted emissions - Operating band unwanted emissions - Minimum requirements for Local Area and Medium Range BS in Band 46 (Category A and B)
	 
	Specific section for B46, as not references is not a problem if we do not implement
if we do implement then table needs to be added.

	6.6.3.3
	Unwanted emissions - Operating band unwanted emissions - Additional requirements
	 
	Statement about possible additional requirements for B46 - general exclusion should be enough

	6.6.4.1.1
	Unwanted emissions - Transmitter spurious emissions -Spurious emissions (Category A)
	6.6.6.4
	extended freq range in CAT A emissions only for B46. A general exclusion probably covers it however a note to ensure its excluded should be added by reference

	6.6.4.3.1
	Unwanted emissions - Transmitter spurious emissions - Additional spurious emissions requirements - Minimum Requirement
	 
	co-existence emissions table - these are merged for all specs in 37.105 - even if we do not support operation of B46 we should support co-existence so this needs updating
Additional table for B46 co-existence - this should also be added to 37.105
Also additional warning about possible regional specifications - only needed if we support B46 operation

	6.6.4.4.1
	Unwanted emissions - Transmitter spurious emissions - Co-location with other base stations - Minimum Requirement
	 
	Note in table "except B46" - if we do not support B46 then we do not need.

	7.6.2.1
	Blocking - Minimum requirement
	7.5.4.1, 7.5.4.2
	B46 blocker in table - need this even if we do not support B46 as operational band.
Note "except B46" we do not need if not supporting B6 (opera rational)

	9.1
	Channel access procedures - Downlink channel access procedure
	 
	We do not reference this at all in AAS - check?


2.1.2 Summary

Currently B46 is implemented in the E-UTRA single rate core specification (36.104) but not in the MSR specification. As the AAS BS core specification (37.105) references both this make updating complex.

As the operational band table in 37.104 is referenced and as yet 37.104 does not include B46 it is too early to include in the AAS specification so it should be excluded at this time.
To enable updating of the references to the latest version of 36.104 whilst excluding B46 as an operational band for an AAS BS would not require much work. A general statement that B46 is not an operational band and some clarifications for the referenced sections in 36.104 would be sufficient and simple to implement.

B46 is included as a non-operational band in requirements for co-existence in the MSR spec (37.104). These changes should also be included in AAS BS spec (37.105).

2.2 NB-IoT

NB-IoT functionality is different from LAA or B46 as it is implemented on existing bands but with a different set of requirements.
In the scope of 36.104  (v14.1.0) the following is stated:

The present document establishes the minimum RF characteristics and minimum performance requirements of E-UTRA, E-UTRA with NB-IoT or NB-IoT Base Station (BS). 

It describes 3 separate type of BS:

· E-UTRA

· E-UTRA with NB-IoT

· NB-IoT

The scope in version 12.9.0 which is currently used for specific references in the AAS BS specification (37.105) is:

The present document establishes the minimum RF characteristics and minimum performance requirements of E-UTRA Base Station (BS). 

Only a single type of BS is defined.

Similarly the MSR specification (37.014 v 13.3.0) scope is:

The present document establishes the minimum RF characteristics of E-UTRA, UTRA, GSM/EDGE and NB-IoT Multi-Standard Radio (MSR) Base Station (BS). Requirements for multi-RAT and single-RAT operation of MSR BS are covered in the present document. The requirements in the present document for E-UTRA, UTRA and NB-IoT single-RAT operation of MSR BS are also applicable to E-UTRA, UTRA and NB-IoT multi-carrier capable single-RAT BS. Requirements for GSM BS that are only single-RAT capable in all supported operating bands are not covered. 

Compared to the scope of version 12.8.0, which is currently used for specific references.

The present document establishes the minimum RF characteristics of E-UTRA, UTRA and GSM/EDGE Multi-Standard Radio (MSR) Base Station (BS). Requirements for multi-RAT and single-RAT operation of MSR BS are covered in the present document. The requirements in the present document for E-UTRA and UTRA single-RAT operation of MSR BS are also applicable to E-UTRA and UTRA multi-carrier capable single-RAT BS. Requirements for GSM BS that are only single-RAT capable in all supported operating bands are not covered. 

New types of BS covered are:

· NB-IoT Multi-Standard Radio (MSR) Base Station (BS)

· NB-IoT single-RAT operation of MSR BS
· NB-IoT multi-carrier capable single-RAT BS
The scope of the release 13 MSR specification does not seem to differentiate between E-EUTRA with NB-IoT and NB-IoT stand alone in the same way the single RAT E-UTRA specification does.

2.2.1 36.104

Looking at how NB-IoT is implemented in 36.104 version 14.1.0:

	Section
	Title
	Ref in 37.105
	Comment

	4.3
	General - Regional requirements
	 
	"In addition for Band 46 operation, the BS may have to comply with …."
If we implement band 46 we would need to copy such text

	1
	Scope
	 
	Implies there are 3 types of BS "E-UTRA, E-UTRA with NB-IoT or NB-IoT Base Station (BS). "

	3.1
	Definitions
	 
	Various NB-IoT terms are defined

	3.2
	Symbols
	 
	Various NB-IoT symbols are defined

	3.3
	Abbreviations
	 
	 NB-IoT Abbreviation is defined

	4.4
	Applicability of requirements
	 
	Again implies 3 types of BS,
In AAS we have different applicability section, if NB-IoT implemented this would need updating

	5.5
	Operating bands
	 
	List of NB-IoT bands, AAS references 37.105 so no problem

	5.6
	Channel bandwidth
	 
	NB-IoT channel BW definitions, again AAS references 37.104

	5.7.3
	Carrier frequency and EARFCN
	 
	Details on NB-IoT channel numbering

	6.1
	Transmitter characteristics - General
	 
	General statement about all NB-IoT requirements applying

	6.2
	Base station output power
	 
	Note about NB-IoT

	6.3.3
	NB-IoT RB power dynamic range for in-band or guard band operation
	 
	New section for NB-IoT

	6.5.1.1
	Frequency error - Minimum requirement
	6.5.2.4
	NB-IoT requirement points to table (same as E-UTRA req. so seems unnecessary)

	6.5.2
	Error Vector Magnitude
	6.5.4.4
	Separate set of NB-IoT requirements, additional table etc.

	6.5.3.1
	Time alignment error - Minimum Requirement
	6.5.3.4
	requirement for NB-IoT

	6.5.4
	DL RS power 
	 
	requirement for NB-IoT

	6.6.1.1
	Occupied bandwidth - Minimum requirement
	6.6.2.4
	requirement for NB-IoT

	6.6.2
	Adjacent Channel Leakage power Ratio (ACLR)
	6.6.3.4
	Same requirement for NB-IoT, some additional stand alone NB-IoT requirements identified.

	6.6.3
	Operating band unwanted emissions
	 
	indicates BW to use for NB-IoT requirements

	6.6.3.2E
	Minimum requirements for standalone NB-IoT Wide Area BS
	 
	Addition requirements for standalone NB-IoT

	6.6.4
	Transmitter spurious emissions
	6.6.6.4
	same requirement for NB-IoT

	6.7.1
	Transmitter intermodulation - Minimum requirement
	 
	Additional requirements for NB-IoT, additional tables etc

	7.1
	Receiver characteristics - General
	 
	note on NB-IoT

	7.2.1
	Reference sensitivity level - minimum requirement
	7.2.4, 7.4.2.2, 7.4.2.3, 7.5.2.1, 7.5.2.2, 7.7.2.1, 7.7.2.2
	Additional channel type and requirement specified for NB-IoT, additional tables with NB-IoT requirements

	7.3.1
	Dynamic range - Minimum requirement
	7.3.4
	Additional requirements and tables for NB-IoT

	7.4.1
	In-channel selectivity - Minimum requirement
	7.4.2.1, 7.8.4
	Additional requirements and tables for NB-IoT

	7.5
	Adjacent Channel Selectivity (ACS) and narrow-band blocking
	7.4.4
	Requirement highlighted for NB-IoT, additional tables etc..

	7.6.1
	General blocking requirement - Minimum requirement
	7.5.4.1
	Requirement highlighted for NB-IoT, additional tables etc..

	7.6.2
	Co-location with other base stations
	7.5.4.2
	NB-IoT highlighted as having same 30dB isolation assumption.

	7.8.1
	Receiver intermodulation - Minimum requirement
	7.7.4
	Requirement highlighted for NB-IoT, additional tables etc..

	8.5
	Performance requirements for Narrowband IoT
	 
	New section for NB-IoT


All the RF requirements in sections 6 and 7 have a clause added for NB-IoT, many of them are referenced from the AAS specification as indicted in table 2. However due to the way the NB-IoT has been implemented i..e as a sepeerate type of BS, the requirements are all phrased as:

“For NB-IoT…..”

Hence only apply for an NB-IoT BS.

As currently the referencing is based on the old scope of 63.014 which only defined a single type of BS (and E-UTRA single RAT BS). However the referencing would still be correct if it was made clear only the E-UTRA SR requirements were being referenced – not the NB-IoT ones.

2.2.2 37.104

Without doing a clause by clause analysis but looking at  how NB-IoT is implemented in 37.104 version 13.3.0 the following points can be raised.

· The operating band definitions, channel arrangements etc which all use a general (version not specific) reference from 37.105 to 37.104 include references to the new NB-IoT BS types – hence something must be done.

· The E-UTRA requirements are referenced from 36.104 in a non version specific manner – however we do not use ‘double referencing’ where possible in AAS BS specification – we always reference the original directly – so this is not so much of a problem.

· NB-IoT requirements RF requirements have separate sections in 37.104 – they are not as integrated in the text as with 36.104.

· As with 36.104, when NB-IoT requirements are listed they refer to “For NB-IoT” so can be excluded quite simply.

The MSR specification has similarities to the AAS BS specification in that it covers several BS types by design. Hence the addition of NB-IoT as a new BS type is quite clean. It has been implemented by including a new set of sub-clauses for each requirement, for example:
6.5.1
Modulation quality
6.5.1.1
E-UTRA minimum requirement
6.5.1.2
UTRA FDD minimum requirement
6.5.1.3
UTRA TDD minimum requirement
6.5.1.4
GSM/EDGE minimum requirement

6.5.1.5
NB-IoT minimum requirement
In this case both the E-UTRA minimum requirement and the NB-IoT requirement reference the same sub-clause of 36.104 (sub-clause 6.5.2).

In that section there are clear requirement “For E-UTRA” and “For NB-IoT”.

Hence it seems acceptable to reference a sub-clause and only use part of that sub-clause as it applies to the type of BS being considered.

2.2.3 Summary
NB-IoT has been defined as a new type of BS, in the MSR specification this is very clear and separate requirements have been identified and clearly specified in separate sub-clauses.

In the single RAT E-UTRA specification the same distinction is made, however as the specification was not designed from the start to handle more than 1 BS type the implementation is perhaps not so clean. However, where ever NB-IoT requirements are indentified they are prefixed with “For NB-IoT…” hence it is very clear which are NB-IoT requirements and which are not.

As AAS BS specification is similar to the MSR specification then if NB-IoT were to be included then it should be done as a separate BS type with requirements in separate sub-clauses, in the same was as the MSR specification.

Hence it can be observed

Observation: The E-UTRA requirements should to be separated from the NB-IoT requirements whether NB-IoT is implemented or not

So:

Including NB-IoT would require

1. A set of E-UTRA requirements separated from NB-IoT

2. A set of new sub-clauses specifying NB-IoT

Not including NB-IoT would require

1. 
A set of E-UTRA requirements separated from NB-IoT

Due to the nature of the way NB-IoT has been implemented it is not not difficult to separate the NB-IoT requirements from the E-UTRA requirements. Indeed it has already been done in the MSR specification. However adding one (or more)  new BS types to the specification would be a lot of work, as at present there is no need to include NB-IoT as an additional BS type it is probably sensible to not include NB-IoT at this time.
3 Summary
The impact on the specifications for implementing LAA (band 46) and NB-IoT has been investigated, based on this our preferences for updating the specifications are as flows:
For LAA (band 46)

Band 46 should not be included as an operating band at this time, 

Where references include references to sub-clauses which include band 46 operation requirements it should be made clear they are not included.

The co-existence emissions requirements and the blocking requirements should include protection for and against band 46.

For NB-IoT

It is considerable more work to derive a NB-IoT AAS BS type

The work needed to separate E-UTRA and NB-IoT is needed if we defined a NB-IoT AAS BS or not (and hence would not be wasted effort).
A new NB-IoT AAS BS type is not needed at this time so should not be added at this time
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