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1 Introduction
The terms “paired” and “unpaired” have been used since the very early specifications (e.g. [1]), without being defined. While originally used to describe spectral arrangements, it has in later specifications become less obvious what the term refers to. 

With the introduction of TDD-FDD CA and supplemental DL bands, it will become important to understand the terms’ applications in order to understand how the requirements referred to by these terms apply. This contribution presents a walkthrough of the application of the terms in a set of core specifications. It also proposes some changes.
2 Discussion
An example: The European L-band currently being introduced as an operating band in the RAN4 WI, LTE_UTRA_SDL_BandL, is following a decision by ECC [2], where the band is referred to as “unpaired spectrum”. In the MSR BS core specification [3], a similar operating band arrangement (operating band 29) is categorised as “paired band” in the operating band category table. It appears logical to assume the EU L-band will be categorised the same way. Operating band 29 is in the same 3GPP specification (supposedly) referred to as “paired spectrum” when determining how the ACLR requirements shall apply. 
The details will be clarified in the following, but the point to be made is that from the ECC decision to the 3GPP specification “unpaired spectrum” becomes “paired spectrum”, which is obviously detrimental for the specification interpretation clarity. Hence the following text analysis is presented. The late release versions of a pick of UTRA, E-UTRA and MSR specifications have been analysed on the use of the terms “paired” and “unpaired” with relation to frequency, band or spectrum, in order to determine the application of the terms.

3 Text analysis
Definitions:

TS21.905 [4]: The terms “paired” and “unpaired” are used in the definition of “operating band”.  
“Operating band: A frequency range in which E-UTRA operates (paired or unpaired), that is defined with a specific set of technical requirements. “
This is the only occurrence of the terms.

Analysis: This application is referring to the spectral arrangement of the operating band. (As a side note: By this definition, the term operating band applies only for E-UTRA.)
UTRA specifications:

TS25.101 [5]: The terms “paired” and “unpaired” appear in the following sentences:
“a)
UTRA/FDD is designed to operate in the following paired bands:” in section 5.2 Frequency bands.

“The following UARFCN range shall be supported for each paired band” in section 5.4.4 UARFCN
Analysis: Both these applications refer to the spectral arrangement of the frequency band.
TS 25.102 [6]: None of the terms appear anywhere in the document.

TS 25.104 [7]: The terms “paired” and “unpaired” appear in the following sentence:

“a)
UTRA/FDD is designed to operate in the following paired bands:” in section 5.2 Frequency bands.

Analysis: This application refers to the spectral arrangement of the frequency band.

TS 25.105 [8]: The terms “paired” and “unpaired” are used in the definition of “operating band” (locally overriding TS21.905?).

“A frequency range in which UTRA TDD operates (paired or unpaired), that is defined with a specific set of technical requirements.

NOTE:
The operating band(s) for an UTRA TDD BS is declared by the manufacturer according to the designations in subclause 5.2.”

Analysis: This application is referring to the spectral arrangement of the operating band.

TS 25.106 [9]: The terms “paired” and “unpaired” appear in the following sentence:
“a)
A UTRA/FDD Repeater is designed to operate in one or several pass bands within either of the following paired frequency bands;” in section 5.1 Frequency bands.
Analysis: This application refers to the spectral arrangement of the frequency bands.

TS 25.113 [10]: None of the terms appear anywhere in the document.

TS 25.133 [11]: None of the terms appear anywhere in the document.

Analysis conclusion for UTRA specifications: In all the found instances of the terms, they are used to describe spectral arrangements of frequency ranges or bands.

E-UTRA specifications:

TS 36.101 [12]: The terms “paired” and “unpaired” appear in the following sentences:
“NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.” In table 5.5-1: E-UTRA operating bands.

Analysis: The note refers to operating band 29, which is restricted to only DL operation. The application of “paired” is a bit unclear since the “external” uplink operating band is undefined in terms of spectral relation to the downlink band 29 and hence there is no obvious spectral arrangement referred to. With the advent of TDD-FDD carrier aggregation, band 29 may in theory be paired with any operating band (possibly making all operating bands potentially “paired” applying the same logic.) It appears the use of the term actually refers to the FDD duplex mode since operating band 29 is an exclusive DL band, and hence an FDD band. (It can be noted that all bands in the table are E-UTRA bands by definition, and hence it can be suspected that the note is copied and pasted from somewhere else, where the RAT is not determined as unambiguously.)
“NOTE 1:
Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.” in table 6.6.2.3.2-1: Requirements for UTRAACLR1/2. 
In the same table also “NOTE 2:
Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.” appears. 
The same notes appear in table 6.6.2.3.2A-1: Requirements for UTRAACLR1/2.
Analysis: Note 1 refers to UTRA 5 MHz channel measurement BW, and Note 2 to UTRA 1.6 MHz channel measurement BW. It is very difficult to draw any conclusions what the terms refer to. It is also difficult to interpret the notes’ implications on the requirement applications. Assuming the terms refer to spectral arrangements, it appears FDD ACLR requirements do not apply for operating bands representing contiguous spectrum, and equally the TDD ACLR requirements do not apply for non-contiguous spectrum operating bands. The rationale for this is not obvious. On the other hand, the duplex modes are already explicitly stated in the same sentences, making reference to duplex mode of the band or carrier an unlikely proposition. It can be considered whether the terms refer to duplex mode determined operating bands. (I.e. Note1 states that FDD compliance applies in FDD operating bands, and Note2 states that TDD compliance applies in TDD operating bands.)  The term “paired spectrum” should then refer to “operating band dedicated for FDD operation” and “unpaired spectrum” correspondingly “operating band dedicated for TDD operation”.
TS 36.104 [13]: The terms “paired” and “unpaired” appear in the following sentences:
Definition of “operating band” (same as TS21.905).

Analysis: This application refers to the spectral arrangement of the operating band.

“Note 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.” In table 5.5-1 E-UTRA frequency bands.

Analysis: The note refers to operating band 29, which is restricted to only DL operation. The application of “paired” is a bit unclear since the “external” uplink operating band is undefined in terms of spectral relation to the downlink band 29 and hence there is no obvious spectral arrangement referred to. With the advent of TDD-FDD carrier aggregation, band 29 may in theory be paired with any operating band (possibly making all operating bands potentially “paired” applying the same logic.) It appears the term actually refers to the FDD duplex mode since operating band 29 is an exclusive DL band, and hence an FDD band. (It can be noted that all bands in the table are E-UTRA bands by definition, and hence it can be suspected that the note is copied and pasted from somewhere else, where the RAT is not determined as unambiguously.)

“For operation in paired spectrum, the ACLR shall be higher than the value specified in Table 6.6.2.1‑1.” And “Table 6.6.2.1-1: Base Station ACLR in paired spectrum”.

Analysis: There is nothing in the text quoted that indicates the application of “paired spectrum” in the referred sentences. However the rational for making the ACLR requirements applicability be determined by the operating band spectral arrangement is vague, and the hint from the corresponding “unpaired” spectrum ACLR requirements applying to chip rates that are exclusive to TDD duplex mode, suggest the “paired spectrum” term actually refers to “FDD duplex mode”.

“For operation in unpaired spectrum, the ACLR shall be higher than the value specified in Table 6.6.2.1 2.” And “Table 6.6.2.1-2: Base Station ACLR in unpaired spectrum with synchronized operation”.

Analysis: There appears to be no rationale for applying ACLR requirements depending on the operating band spectral arrangement. The “synchronized operation” and the chip rates exclusive to TDD in the table, suggests the term “unpaired spectrum” actually refers to TDD duplex mode. 

“For operation in non-contiguous paired spectrum, the ACLR shall be higher than the value specified in Table 6.6.2.1 3.” And “Table 6.6.2.1-3: Base Station ACLR in non-contiguous paired spectrum”.

Analysis: In analogy with the above analysis, the term “paired spectrum” appears to refer to “FDD duplex mode” operation.
“For operation in non-contiguous unpaired spectrum, the ACLR shall be higher than the value specified in Table 6.6.2.1 4.” And “Table 6.6.2.1-4: Base Station ACLR in non-contiguous unpaired spectrum”.

Analysis: “non-contiguous unpaired spectrum” appears to be an oxymoron if interpreted as spectral arrangement. Further analogy with the above analysis suggests that “unpaired spectrum” actually refers to “TDD duplex mode” operation.

“Table 6.6.2.2-1: Base Station CACLR in non-contiguous paired spectrum”
Analysis: While there is nothing in this particular sentence suggesting any preferred interpretation, the above examples suggest that “paired spectrum” refers to “FDD duplex mode”.

“Table 6.6.2.2-2: Base Station CACLR in non-contiguous unpaired spectrum”
Analysis: “non-contiguous unpaired spectrum” appears to be an oxymoron if interpreted as spectral arrangement. Further analogy with the above analysis suggests that “unpaired spectrum” actually refers to “TDD duplex mode” operation.

“This is not applicable to E-UTRA BS operating in Band 37. This unpaired band is defined in ITU-R M.1036, but is pending any future deployment.” In Table 6.6.4.3.1-1: BS Spurious emissions limits for E-UTRA BS for co-existence with systems operating in other frequency bands. The same note appears in Table 6.6.4.3.1-1x: Home BS spurious emissions limits for co-existence with Home BS operating in other frequency bands, Table 6.6.4.4.1-1: BS Spurious emissions limits for Wide Area BS co-located with other BS, Table 6.6.4.4.1-2: BS Spurious emissions limits for Local Area BS co-located with other BS, and Table 6.6.4.4.1-3: BS Spurious emissions limits for Medium range BS co-located with another BS,

Analysis: The text is a note in the tables referring to band c) (UTRA) or band 37 (E-UTRA) spurious emission requirements. “unpaired band” can be interpreted as both referring to the spectral arrangement of the referred band or as referring to the duplex mode operation.  Given the ambiguity, the use of the term does not add anything to the information given by the note. Both the spectral arrangement and the duplex mode are determined in the tables.

TS 36.106 [14]: The terms “paired” and “unpaired” appear in the following sentences:

Definition of “operating band” (same as TS21.905).

Analysis: This application refers to the spectral arrangement of the operating band.

“This requirement does not apply to E-UTRA FDD Repeater operating in band 2 or band 25. This requirement does not apply to the uplink of E-UTRA FDD Repeater operating in band 1. This unpaired band is defined in ITU-R M.1036, but is pending any future deployment.” In Table 9.2.2.1-1: Spurious emissions limits for E-UTRA-FDD repeater in geographic coverage area of systems operating in other frequency bands. The text appears also in Table 9.2.3.1-1: Spurious emissions limits for E-UTRA-FDD Repeater co-located with Base Stations, Table 11.2.1-1: Input intermodulation requirements for interfering signals in co-located other systems, and Table 11.3.1-1: Input intermodulation requirements for interfering signals in co-existing other systems.
Analysis: The text is a note in the tables refereeing to band c) (UTRA) or band 37 (E-UTRA) requirements in the referred tables. “Unpaired band” can be interpreted as both referring to the spectral arrangement of the referred band or as referring to the duplex mode operation.  Given the ambiguity, the term does not seem to add anything to the information given by the note, but it helps defining the reference of “this band” to band c) or band 37 (instead of band 1). Both the spectral arrangement and the duplex mode are determined in the tables, separating band I as FDD and band c) as TDD. Spectrally paired bands are identified through the occurrence of two frequency ranges, also here separating band I from band c).
TS 36.113 [15]: None of the terms appear anywhere in the document.
TS36.133 [16]: None of the terms appear anywhere in the document.

Analysis conclusion for E-UTRA specifications: In all found instances of the terms, they are used to describe either spectral arrangements or duplex mode. In some instances the intended reference is clear, but in many instances the reference is ambiguous or must be deducted from the context rather than from the text itself. 
MSR specifications:

TS37.104 [3]: The terms “paired” and “unpaired” appear in the following sentences:

Definition of “operating band” (same as TS21.905).

Analysis: This application refers to the spectral arrangement of the operating band.

“The paired and unpaired bands for the three Band Categories are shown in Table 4.5-1 and 4.5-2, together with the corresponding E-UTRA, UTRA and GSM/EDGE band designations. In the present specification, the operating band of an MSR Base Stations is designated using the E-UTRA band number according to the tables.” 

Analysis: The expression “paired and unpaired bands” may refer to either spectral arrangement or duplex mode. Scrutinizing the referred tables, it can be noted that the paired band table contains operating band 29 , which is a contiguous frequency range dedicated for FDD DL operation. It thus appears that the term “paired band” refers to FDD duplex mode rather than to a dual frequency range spectral arrangement.

“Table 4.5-1: Paired bands in E-UTRA, UTRA and GSM/EDGE.”, In section 4.5 Operating bands and band categories.

Analysis: It can be noted that the table contains operating bands dedicated for FDD duplex mode operation. The table contains operating band 29, which is a contiguous frequency range dedicated for FDD DL operation. It thus appears that the term “paired band” refers to FDD duplex mode rather than to a dual frequency range spectral arrangement. In a way it can be argued that the table defines the term “paired band” by the set of operating bands listed, but this is unfortunately not consistent with the use in all other instances of the use of “paired bands” in the investigated 3GPP specifications.

“NOTE 3:
Resticted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.” In Table 4.5-1: Paired bands in E-UTRA, UTRA and GSM/EDGE.
Analysis: The note refers to operating band 29, which is restricted to only DL operation. The application of “paired” is a bit unclear since the “external” uplink operating band is undefined in terms of spectral relation to the downlink band 29 and hence there is no obvious spectral arrangement referred to. With the advent of TDD-FDD carrier aggregation, band 29 may in theory be paired with any operating band (also the bands labeled “unpaired” in table 4.5-2 applying the same logic.) It appears the term actually refers to the FDD duplex mode since operating band 29 is an exclusive DL band, and hence an FDD band (prohibited UL transmission excludes TDD operation). 

“Table 4.5-2: Unpaired bands in E-UTRA and UTRA.” In section 4.5 Operating bands and band categories.

Analysis: It can be noted that all bands in the table are operating bands dedicated for TDD duplex mode. Analogously with the table 4.5-1 title, it can be argued that the table itself defines the term, but the same inconsistency with use elsewhere applies. By the table title only, it cannot be determined whether the term “unpaired band” refers to spectral arrangement or to the duplex mode operation, but given the above analysis of the corresponding “paired band”, it appears the duplex mode is actually referred.
“This is not applicable to  BS operating in Band 37. This unpaired band is defined in ITU-R M.1036, but is pending any future deployment.” In Table 6.6.1.3.1-1: BS Spurious emissions limits for co-existence with systems operating in other frequency bands. The same note appear also in Table 6.6.1.4.1-1: BS Spurious emissions limits for BS co-located with another BS.

Analysis: The text is a note in the tables refereeing to band c) (UTRA) or band 37 (E-UTRA) spurious emission requirements. “unpaired band” can be interpreted as both referring to the spectral arrangement of the referred band or as referring to the duplex mode operation.  Given the ambiguity, the term does not add anything to the information given by the note. Both the spectral arrangement and the duplex mode are determined in the tables.

“For operation in paired spectrum, the ACLR shall be higher than the value specified in Table 6.6.4.1 1.”, “Table 6.6.4.1-1: Base Station ACLR in paired spectrum” in section 6.6.4 Adjacent Channel Leakage power Ratio (ACLR).

Analysis: The text itself can well be referring to the spectral arrangement with the term “paired spectrum”. However, the rationale for ACLR requirements dependent on the operating band spectral arrangements seems unclear. The carrier characteristics tabled in the referred table can apply to both FDD and TDD duplex mode carriers. Studying the corresponding table for “unpaired spectrum” the term “synchronised operation” appears in the title. This term is associated with TDD duplex mode rather than with contiguous spectrum arrangement. It is hence concluded that the term “paired spectrum” is referring to FDD duplex mode in this instance.
“For operation in unpaired spectrum, the ACLR shall be higher than the value specified in Table 6.6.4.1 2.”, “Table 6.6.4.1-2: Base Station ACLR in unpaired spectrum with synchronized operation” in section 6.6.4 Adjacent Channel Leakage power Ratio (ACLR).
Analysis: It is noted that some chip rates in the table are only applicable to TDD duplex operation. In conjunction with the above analysis for the “paired spectrum” table, it is concluded that the term “unpaired spectrum” refers to the TDD duplex mode in this case.
“For operation in non-contiguous paired spectrum, the ACLR shall be higher than the value specified in Table 6.6.4.1 3”, “Table 6.6.4.1-3: Base Station ACLR in non-contiguous paired spectrum” in section 6.6.4 Adjacent Channel Leakage power Ratio (ACLR).

Analysis: While there is nothing in this particular sentence suggesting any preferred interpretation, the above examples suggest that “paired spectrum” refers to “FDD duplex mode”.
“For operation in non-contiguous unpaired spectrum, the ACLR shall be higher than the value specified in Table 6.6.4.1 4.”, Table 6.6.4.1-4: Base Station ACLR in non-contiguous unpaired spectrum” in section 6.6.4 Adjacent Channel Leakage power Ratio (ACLR).

Analysis: “non-contiguous unpaired spectrum” appears to be an oxymoron if interpreted as spectral arrangement. Further analogy with the above analysis suggests that “unpaired spectrum” actually refers to “TDD duplex mode” operation.

TS 37.113 [17]: The terms “paired” and “unpaired” appear in the following sentences:

“The exclusion bands for the MSR, E-UTRA, UTRA and GSM/EDGE paired and unpaired operating bands are as set out in Tables 4.4-2 and 4.4-3 respectively.”, “Table 4.4-2: Receiver exclusion band for base stations (paired bands).”, “Table 4.4-3: Receiver exclusion band for base stations (unpaired bands)”

Analysis: From the text or context (including table content) it cannot be determined whether the terms “paired” and “unpaired” bands refer to the respective operating band spectral arrangement or to the operating band duplex mode.  It is noted that the exclusion bands are defined in TS36.113 [15] and TS 25.113[10] without the use of the terms “paired bands” or “unpaired bands”. There the bands are categorised by duplex mode. The rationale for categorising the bands by spectral arrangement instead is obscure. This suggests “paired band” refers to FDD duplex mode and “unpaired” to TDD respectively.
Analysis conclusion for MSR specifications: In all found instances of the terms, they are used to describe either spectral arrangements or duplex mode. In some instances the intended reference is clear, but in many instances the reference is ambiguous or must be deducted from the context rather than from the text itself. The use of the terms “paired” and “unpaired” coincide to a larger extent between MSR and E-UTRA specifications, then between MSR and UTRA specifications.
4 Future specification development
The introduction of exclusive link direction operating bands has highlighted the ambiguity of the specifications with respect to whether the requirements apply depending on duplex mode or depending on operating band spectral arrangements, which was hidden when spectral arrangement and duplex modes of the operating bands coincided. 
With the introduction of TDD-FDD carrier aggregation, there may emerge BS configurations with multi-band capability operating both duplex modes. Developing requirements for such BS it will be paramount to distinguish whether a requirement applies depending on spectrum arrangement or depending on duplex mode. 
Therefore it is a good time now to clarify the specifications with this respect. Since the text analysis suggest either spectral arrangement or duplex mode are indicated, and there is already a defined nomenclature for the duplex modes, the change can simply consist stating the duplex modes where they are referred to.
Consulting the 3GPP drafting rules [18], it appears that all the instances where the clarification is needed in the investigated specifications (i.e. in general text and in table titles), may be changed in this way without impact on the specification structure. With support from the drafting rules (sections 4.2 and 4.5 in particular), encouraging language homogeneity and fitness for direct application non-3GPP standards, following changes are proposed.
Proposal:

In all instances where the terms “paired band”, “ paired spectrum” or equal refer to the duplex mode FDD, it shall be replaced by “duplex mode FDD”.

In all instances where the terms “unpaired band”, “unpaired spectrum” or equal refer to the duplex mode TDD it shall be replaced with “duplex mode TDD”.

In all instances where the terms “paired band”, “paired spectrum” or equal refer to a spectrum arrangement the specification text shall remain unaltered.
5 Conclusion
The terms “paired” and “unpaired” used in combination with spectrum frequency bands or frequency ranges have been used in 3GPP specifications since the early beginning. The initial use appears to have been referring to spectral band arrangement, which is consistent with the general use of the term outside 3GPP, but beginning with LTE specifications, there has been a slide of the use towards sometimes implying duplex mode rather than spectral arrangement of the operating band/frequency range/spectrum. This change has come unaccompanied by any definition of the terms, rendering the specifications more ambiguous. 
This ambiguity will become cumbersome when developing the specifications in the future in the multi-band mixed duplex mode carrier aggregation direction.
Therefore it is proposed to clearly state the duplex mode, wherever it is referred to, instead of using the terms “paired” or “unpaired” bands or spectrum. The latter shall be reserved for describing spectral arrangements.
Proposal:

In all instances where the terms “paired band”, “ paired spectrum” or equal refer to the duplex mode FDD, it shall be replaced by “duplex mode FDD”.

In all instances where the terms “unpaired band”, “unpaired spectrum” or equal refer to the duplex mode TDD it shall be replaced with “duplex mode TDD”.

In all instances where the terms “paired band”, “paired spectrum” or equal refer to a spectrum arrangement the specification text shall remain unaltered.
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