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1 Background 
In RAN#68, a new work item was agreed for Licensed-Assisted Access to Unlicensed Spectrum for LTE [1]. In this contribution we discuss the impact on BS RF requirements for LAA operation. Receiver requirements will not be discussed since the work item only specifies support for LAA SCells operating with DL transmissions. 
2 Discussion 
The results of the study item are documented in TR 36.889 [2]. The TR identifies no major issues for the BS, but it is expected that some LAA BS RF requirements may require further study in the WI phase and many of those are regional requirements. Only transmitter requirements will be affected due to downlink operation. There are however also functional requirements related to the transmitter.
2.1 Regional requirements for LAA

There is a range of different regional requirements applicable for LAA, as identified in the SI report [1].These include 
· Emission limits such as Maximum transmit power,  Peak conducted power, average PSD, directional antenna gain limits, Maximum mean EIRP, EIRP density, EIRP elevation angle mask, out-of-band emission.
· Functional requirements for adaptivity: TPC requirement, DFS, LBT.
· Operational: Restriction to indoor use in several frequency ranges.

Note that the terminology used for emission limits in the regulation as shown above may not always the same as used in 3GPP and may have to be “transposed” to the terminology for 3GPP RF requirements. Operational requirements are in general not applicable for the BS specification.
Most of the regulatory emission limits are related to transmitted power or EIRP in terms of absolute level or density and there is a substantial variation of levels between regions and countries. It would not be realistic to cover this whole variation of regional requirements in the BS specifications. RAN4 should aim at having a single number for each limit of the concerned requirements, such as max BS power and unwanted emissions.
Information should be given that there are other regulatory limits than the number given in the specification. Based on the desire and input from the 3GPP regional partners, general or specific informative references could in addition be given to the regional regulations in question.
PROPOSAL 1: RAN4 should aim at having a single number for each limit of the requirements related to regulation, such as max BS power and unwanted emissions. Informative text should identify that there are additional regulatory limits, with informative references if desired. 
In order to harmonize testing and avoid duplicated test procedures for the same requirement, it should be studied further whether the present set of RF requirements (and corresponding tests) in the BS specs cover the range and diversity of regulatory requirements. Present requirements (and tests) for BS output power and Unwanted emissions (including ACLR) should in principle cover most regulatory requirements. New limits for many of the requirements will however be needed and needs to be studied on a case-by-case basis.
PROPOSAL 2: Each requirement should be studied to ensure that the LAA BS RF requirements cover the scope of regulatory limits, also in terms of testing and test procedures.
It is noted that regulatory limits defined based on EIRP do not apply directly to equipment under the scope of TS 36.104, since all BS RF requirements are defined as conducted requirement and are specified at the antenna connector. Annex H of TS 36.104 can serve as guideline for assessing such regulatory EIRP-related limits and an informative reference should be given to Annex H for this reason.

PROPOSAL 3: The existing Annex H of TS 36.104 serves as guidance for assessment of EIRP limits and can be applied in the same way for LAA.
The levels of some of the BS RF requirements are further discussed in [4].
2.2 Functional requirements 
The study item TR [2] recommends a channel access framework that includes a category 4 LBT scheme including random back-off and variable contention windows for the downlink data transmissions. Parameters and other details of the LBT scheme is presently being developed in RAN1, see for example [3].

The outcome of the RAN work on the channel access should be that the LBT procedure is specified in RAN1, while possible requirements on the procedure and any related testing is specified in RAN4. A suitable place for the core requirement would be TS 36.104, noting that functional procedures of the same character have been defined previously for Home BS in existing BS specifications.

The test procedure for the LBT scheme would be in TS 36.141.
PROPOSAL 4: Possible requirements on the LBT procedure should be specified in TS 36.104, with the test procedure in TS 36.141.
There are regulatory requirements mandating to have a certain degree of TPC. Since the current E-UTRA RAN4 specifications do not specify power control, this needs further study.
2.3 Separation of LAA requirements for the BS
There will for LAA BS be a wide range of LAA specific requirements, some regulatory in nature and some related to LAA operation and function, see also the summary in section 3 below. With such a range of new requirements, there will be a need to qualify those in the specification, so that they only apply to an LAA BS. The most straight forward way to do that is to introduce a new BS class. The class should be identified by its intended usage and can be called License Exempt BS (LE BS). The alternative name “LAA BS” would be too close to the existing class “LA BS” and we have also previously used two-letter acronyms for all BS classes.

Noting that LAA is regulated with low power levels and predominant indoor use, including regulation with restriction to indoor use in many frequency ranges, it seems appropriate to define the new BS class with parameters similar to Local Area BS. 
Quite a few of the requirements would be specific to the new BS class, in particular regulatory limits or references and possible functional requirements. BS output power can be different for different regions, but can all fit under the rated output power range for a single BS class.
PROPOSAL 5: In order to identify the requirements relevant to an LAA BS in a structured way, a new BS class should be introduced for a BS intended for LAA operation.
3 Impact on BS RF Transmitter requirements in TS 36.104
The following table gives an overview of the impact on RF transmitter requirements in TS 36.104. See also further discussion on some of the Tx limits in [4].
	Subclause
	Title
	Comment

	6.2
	Base station output power
	With a new BS class for LAA BS, a new entry for BS rated output power is needed, at a level similar to the LA BS class (< 24 dBm).
Regulation on max power spectral density needs to be studied.

	6.2.1
	Minimum requirement
	The minimum requirement is independent of BS class and can remain.

	6.2.2
	Additional requirement (regional)
	N/A

	6.2.3, 6.2.4, 6.2.5
	Home BS output power for adjacent channel protection
	N/A

	6.3
	Output power dynamics
	

	6.3.1
	RE Power control dynamic range
	N/A

	6.3.2
	Total power dynamic range
	N/A (Possible new TPC requirement to be studied)

	6.4
	Transmit ON/OFF power
	

	6.4.1
	Transmitter OFF power
	Relevant for unlicensed operation, possible new requirement level to be studied.

	6.4.2
	Transmitter transient period
	Relevant for unlicensed operation, possible new OFF-to-ON requirement to be studied.

	6.5
	Transmitted signal quality
	

	6.5.1
	Frequency error
	Possible modification to be studied.

	6.5.2
	Error Vector Magnitude
	Possible modification to be studied, as new ACLR value is being studied, see [4].

	6.6
	Unwanted emissions
	

	6.6.1
	Occupied bandwidth
	Unchanged.

	6.6.2
	Adjacent Channel Leakage power Ratio (ACLR)
	ACLR level to be studied, see [4].

	6.6.2.2
	Cumulative ACLR requirement in non-contiguous spectrum
	N/A (no non-contiguous intra-band CA defined)

	6.6.3
	Operating band unwanted emissions
	Requirements are related to ACLR. Modification due to possible new ACLR and/or regulatory limits to be studied. 

	6.6.3.3
	Additional requirements
	Informative text on regional regulatory emission limits may be added here or in an informative Annex.

	6.6.4
	Transmitter spurious emissions
	

	6.6.4.1
	Mandatory Requirements
	Modification of applicable frequency ranges to be studied.

	6.6.4.2
	Protection of the BS receiver of own or different BS
	N/A

	6.6.4.3
	Additional spurious emissions requirements
	Informative text on regional regulatory emission limits may be added here or in an informative Annex.

	6.6.4.4
	Co-location with other base stations
	Modification to be studied.


	6.7
	Transmitter intermodulation
	Modification to be studied.



	6.7.2
	Additional requirement for Band 41
	N/A


4 Summary
The impact of the different regional requirement and other aspects of LAA was discussed in this paper. Based on the initial analysis of the impact on BS RF requirements for LAA operation, several proposals are also put forward. These proposals are presented for approval in the way-forward paper in [5].
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