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1. Introduction

The out-of-band and spurious emissions requirements in TS 36.101 limit the power level that the UE is allowed to transmit outside of its intended transmission bandwidth.  The distinction between out-of-band and spurious emissions is made in accordance with definitions in ITU-R SM.329 [1].  Contribution in [2] and [3] were intended to clear up an ambiguity in whether UE coexistence requirements, specified as a spurious emissions requirement, were required to be met within the out-of-band emissions domain.  This contribution takes a closer look at this topic and proposes that when necessary the coexistence requirements be explicitly identified as being required in the out-of-band domain to resolve any ambiguity.
2. Discussion

2.1. Background
The out-of-band emission requirements are specified in section 6.6.2 of 36.101.  The requirements of this section include the spectrum emission mask (SEM) and adjacent channel leakage ratio (ACLR), both of which are applicable to the frequency range immediately adjacent to the transmit occupied channel bandwidth.  The spurious emissions requirements are specified in section 6.6.3 of 36.101.  This section includes minimum requirements on emissions over a broad frequency range from 9 kHz to 12.75 GHz, extending well beyond frequencies adjacent to the transmit occupied channel bandwidth.  Also included in this section are requirements for UE coexistence, which limit the emissions in specific frequency ranges.
The out-of-band emission requirements of section 6.6.2 specifically exclude spurious emission and similarly, the spurious emissions requirements of section 6.6.3 specifically exclude out-of-band emissions.  While a technical distinction is made between these two types of emissions in accordance with SM.329, in practice the distinction is made according to the frequency range in which the offending emissions are measured.  A boundary denoted as ΔfOOB is defined in Table 6.6.3.1-1 of 36.101 that delineates between the out-of-band and spurious emissions domains.  Therefore, those emissions which fall inside of this boundary are subject to out-of-band emissions requirements, and those emissions which fall outside of this boundary are subject to spurious emissions requirements.  One potential ambiguity which exists are those requirements listed in Table 6.6.3.2-1 on UE coexistence.  As previously stated, these requirements are specified under the spurious emissions section of the specification.  Therefore, one interpretation is that the requirements in this table are only applicable in the spurious emissions domain outside of the boundary, except where explicitly noted (i.e., NS_05, NS_08, and NS_09).  Another interpretation, and indeed one that has been proffered in [2], is that the UE coexistence table does explicitly list the frequency range over which its requirements apply and therefore falls under the “unless otherwise stated” exception in the statement describing the applicability of spruious emissions in Section 6.6.3
Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Therefore, these UE coexistence requirements apply regardless of whether they may lie inside or outside of the boundary.  The discussion on this topic that occurred prior to and during the RAN4 #57 meeting confirmed that indeed such an ambiguity exists and that a common understanding is imperative.
2.2. Consideration of other 3GPP specifications
To seek guidance on how to interpret this requirement, it is valuable to evaluate how it is specified in 25.101 for UTRA and how it is specified in 36.104 for the eNodeB.  Both of these specification documents include an analagous requirement also referencing SM.329 for the defintion of out-of-band and spurious emissions domains.  In 25.101, the analogous UE coexistence requirements are listed in Table 6.13 and Table 6.13A as additional spurious emission requirements.  Furthermore, there is no such statement in the spurious emissions section of 25.101 that is the analog to the “unless otherwise stated” sentence in 36.101.  Therefore, by default, the UE coexistence requirements in 25.101 do not apply inside of the out-of-band domain boundary.  Of course, there are exceptions where such requirements must apply.  These exceptions are specifically and explicitly denoted by three asterisks (***) and a note in Tables 6.13 and 6.13A as follows

Note ***    This requirement is applicable also for frequencies, which are between 2.5 MHz and 12.5 MHz away from the UE centre carrier frequency.
For the eNodeB, the emissions requirements are specified in section 6.6 of 36.104.  Here, the operating band unwanted emissions define all unwanted emissions in the downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below the band.  Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.  The spurious requirements are given in section 6.6.4 where additional spurious requirements for coexistence with systems operating in other frequency bands are listed in Table 6.6.4.3.1-1 and Table 6.6.4.4.1-1.  In the scope of this section, it is stated that the requirements do not apply within 10 MHz of the downlink band.  Moreover, in the table as Note 1, this point is re-iterated
NOTE 1:
As defined in the scope for spurious emissions in this clause, the co-existence requirements in Table 6.6.4.3.1-1 do not apply for the 10 MHz frequency range immediately outside the downlink operating band (see Table 5.5-1). This is also the case when the downlink operating band is adjacent to the Band for the co-existence requirement in the table. Emission limits for this excluded frequency range may be covered by local or regional requirements.

The exceptions to this for regulatory purposes are explicitly notated for PHS and public safety operations in Table 6.6.4.3.1-2 and Table 6.6.4.3.1-3.  These requirements for regulatory purposes are noted to be “also applicable at specified frequencies falling between 10 MHz below the lowest BS transmitter frequency of the downlink operating band and 10 MHz above the highest BS transmitter frequenc of the downlink operating band.”
Thus, the similar requirement as specified for UTRA UE’s in 25.101 and for E-UTRA basestations in 36.104 do not by default apply the coexistence requirements inside of the out-of-band domain boundary.  Specific cases, for example those to comply with regulatory requirements, are explicitly mentioned on a case-by-case basis.

2.3. Consideration of ETSI harmonized European standard

The ETSI EN 301 908-13 [4] standard promoting a harmonized European standard for cellular networks also includes specifications on out-of-band and spurious emissions for the UE.  This specification mimics the requirements in 36.101, but with an important difference related to the topic of out-of-band emissions and spurious emissions.  The ETSI standard makes clear that the UE coexistence requirements are only applicable outside of the out-of-band boundary.  There is no provision for allowing an exception; in other words, there is no “unless otherwise stated” clause in this specification.  Therefore, it is unambiguous in this specification that the UE coexistence requirements do NOT apply inside of the out-of-band boundary.
2.4. Consideration of recommendation ITU-R SM.329
Recommendation SM.329 defines spurious emissions (RR Article 1, No. 1.145) as
Emission on a frequency, or frequencies, which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion products but exclude out‑of‑band emissions.

Out-of-band emissions (RR Article 1. No. 1.144) are defined as

Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.

Furthermore, out-of-band and spurious domains are also defined relative to the necessary bandwidth of the transmitted signal.  It is recognized that the two types of emissions are defined by their source, but may be more easily specified by their domains, despite the two not being exactly equivalent
Out‑of‑band emissions, defined based on their source, occur in the out‑of‑band domain and, to a lesser extent, in the spurious domain. Spurious emissions likewise may occur in the out‑of‑band domain as well as in the spurious domain.

The objective of the recommendations in SM.329 are to enable the most economical and efficient use of the frequency spectrum.  It is specifically noted that 
...every effort should be made to keep limits for unwanted emissions in out-of-band and spurious domains, both for existing and new services, at the lowest possible values taking into account of the type and nature of the radio services involved, ecomonic factors, and technological limitations, and the difficulty of suprressing harmonic emissions from certain high power transmitters  
Thus, it is clear that the emissions requirements are a balance between practical feasibility and reduction of unnecessary interference.  Furthermore, it is recognized that emissions closer to the transmission band, i.e., the out-of-band emissions, should be treated differently since stringent suppression requirements close-in may negatively affect the fidelity of the intended transmission.

For these reasons, it seems consistent with the recommendations of SM.329 that additional stringent emissions requirements inside of the out-of-band boundary should be carefully considered, rather than made applicable by default.

2.5.  Implications to Rel-8/Rel-9 specifications

As previously discussed, there is a potential ambiguity regarding whether UE coexistence requirements apply both inside and outside of the out-of-band domain boundary, or whether they only apply outside of the boundary.  While [2] proposes that the requirements apply equally on both sides of the boundary, further consideration as described above suggests that the requirements should only apply outside of the boundary in the spurious domain (not withstanding the explicitly mentioned requirements associated with NS_05, NS_08, and NS_09).  For the current Release 8 and Release 9 specifications, evaluating the UE coexistence requirements against the out-of-band emission boundary, the difference between interpretations is limited to the following scenarios shown in Table 2.4-1.
Table 2.4-1.  Coexistence scenarios inside of out-of-band emissions boundary.

	E-UTRA band
	Protected Band
	Comment

	1
	PHS
	Regulatory (NS_05)

	1
	33
	Adjacent band (Note 3)

	1
	39
	Adjacent band (Note 3)

	2
	2
	Self desense

	3
	3
	Self desense

	7
	38
	Adjacent band (Note 3)

	8
	8
	Self desense

	12
	12
	Self desense

	13
	14
	

	13
	Public safety
	Regulatory

	14
	Public safety
	Regulatory

	17
	12
	

	19
	860 – 875 MHz
	Regulatory (NS_08)

	21
	1475.9 – 1510.9 MHz
	Regulatory (NS_09)

	33
	3
	

	33
	39
	

	38
	7
	Adjacent band (Note 3)


In this table, we see the following category of scenarios.

· Regulatory.  These requirements must be met regardless of whether they fall inside or outside of the out-of-band domain boundary.  These should be explicitly notated in the UE coexistence table as being required in the out-of-band domain as well as the spurious domain.

· Self-desense.  The coexistence requirements for these scenarios will be implicitly met due to the more stringent requirement to contain transmitter emissions to mitigate self-desense.  In practice, it is therefore not necessary to explicitly note these requirements as required inside of the out-of-band domain boundary.  These are not explicitly notated to be met in 25.101 either.

· Adjacent band.   These are bands which are immediately adjacent.  In the UE coexistence Table 6.6.3.2-1 of 36.101, it is indicated in Note 3 that some restriction will be needed for either the operating band or the protected band.  The requirement is not fully defined and therefore the need to meet the requirement inside the out-of-band domain is also not defined.  This is a subject of ongoing investigation with recommendations ([5], [6], [7], [8], and [9]) that the coexistence emissions requirements be significantly relaxed.
· Other.  The other scenarios should be studied on a case-by-case basis to determine whether the UE coexistence requirements should apply inside the out-of-band domain.

One concern that was raised in discussions during the RAN4 #57 meeting was that some regulatory requirements may not be immediately obvious.  In fact, many regulatory bodies may simply adopt the published 36.101 coexistence requirements.  For cases where there are explicit and specific regulatory requirements, such as NS_05 in Japan or public safety in the United States, these requirements should be captured as accurately as possible in the 3GPP specifications.  In other cases where the regulatory requirements are simply adopted from the 3GPP requirements, then it is proposed that no specific mandate be made that these requirements apply inside of the out-of-band emission domain.  We assert that this is consistent with the recommendations of SM.329 and is consistent with the other 3GPP specifications as well as the ETSI European standard.

2.6. Implications to future release-independent bands

As new bands are introduced into 36.101, the coexistence requirements necessarily increase on the other bands.  New bands should be afforded protection from interference generated by other bands in order to best utilize the frequency spectrum.  However, as new bands are introduced and the spectrum becomes more crowded, it becomes increasingly likely that bands will be introduced in close proximity to existing bands.  If a new band is introduced such that it lies at least partially within the out-of-band domain of another band, should it be offered the same level of protection (say, -50 dBm/MHz) from this band as it does from another band for which it is outside of the out-of-band domain?  In other words, should the UE coexistence requirement be applied by default for all new bands?  We propose that consistent with the arguments provided above, by default, the UE coexistence requirements should not be applied inside of the out-of-band emission domain.  The necessity of applying the requirement in this domain (for example, for regulatory reasons) should be studied on a case-by-case basis.
2.7. Implications to Rel-10 carrier aggregation specifications

Carrier aggregation as introduced in the Release 10 specification offers exciting new possibilities for spectrum usage.  Larger aggregated bandwidths can offer higher peak data rates or better network capacity, but as a consequence, the out-of-band domain boundary also changes.  Because the out-of-band domain boundary is proportional to the necessary bandwidth of the transmission, as the channel bandwidth increases in the intraband CA case, so does the extent of the out-of-band domain.  Therefore, it is likely that the number of scenarios where emissions requirements overlap with the out-of-band domain will increase.  The implementation challenge to maintaining low emissions levels for wide bandwidth transmission signals will become greater.  It is therefore highly recommended that emissions requirements inside of the out-of-band domain boundary be carefully studied, rather than be applied by default in the UE coexistence table.
3. Conclusion

In this contribution, we have further considered the applicability of UE coexistence requirements in the out-of-band emissions domain.  We have looked to other 3GPP specifications as well as the ETSI harmonized European specification for guidance.  We have consulted the ITU-R recommendation which was the foundation for establishing the spurious emissions requirements.  Based on these references, we have come to the conclusion that UE coexistence requirements should not by default be required to be met in the out-of-band domain.  We believe this to be consistent with the other 3GPP specifications as well as with the ITU-R recommendations.  Of course, specific exceptions can and should be made to require such emissions to be met inside of the boundary; these should be specifically and explicited denoted in the specification.  Not only does this bring consistency to the 36.101 specification, but it provides a sensible way forward as new bands and carrier aggregation scenarios are introduced so that each is studied on a case-by-case basis rather than to have the requirement imposed by default.  An accompanying CR to this document can be found in [10].

Reference
[1] ITU-R Recommendation SM.329-10, “Unwanted emissions in the spurious domain”

[2] R4-103390, “CR UE spurious emissions,” Qualcomm Incorporated, Sprint, DBSD

[3] R4-104962, “CR UE spurious emissions,” Qualcomm Incorporated

[4] ETSI EN 301 908-13, v4.2.1
[5] R4-103501, “Band 1, 7, 33 and 38 FDD/TDD co-existence,” Nokia

[6] R4-103550, “FDD/TDD co-existence,” Motorola

[7] R4-103797, “MPR for FDD/TDD coexistence,” Fujitsu

[8] R4-104716, “Discussion on 2.6GHz FDD and TDD coexistence,” CMCC

[9] R4-104898, “Corrections on FDD/TDD coexistence requirements between Bands 7 and 38 BS,” Alcatel-Lucent, Orange, Vodafone

[10] R4-110231, “CR UE spurious emissions,” Qualcomm Incorporated
1
1

