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1 Background 
At RAN4#51 in San Francisco, there were two CRs proposed [1,2] for aligning the co-existence requirements in the UTRA specifications to the E-UTRA limits, thereby providing mutual protection in the specifications. Similar CRs are re-submitted for RAN4#52bis in [5] and [6].
There was a lengthy discussion around the best way to introduce the mutual protection, especially for operating bands where uplink and downlink frequency ranges are overlapping, such as for Band 12 and 17. The issue was postponed to later meetings.

This contribution addresses the topic more deeply, especially concerning how to define protection limits when operating bands are overlapping for BS deployed in the same geographical area.

2 Discussion 
There are several examples of operating bands with overlapping frequency ranges in the 3GPP specifications. While in some cases, it is simply a case of different regional band arrangements there are also cases where the bands are defined for use in the same geographical area. There are mainly two reasons behind such overlaps:

· Band extension: When more spectrum becomes available in a frequency range, a new operating band can be defined that encompasses the old operating band in addition to the new frequency range, making the old band a subset of the new band.
· Multiple band definitions: When a new operating band is defined, there may be conflicting interest in how to define the band depending on boundary conditions or other performance aspects that depend on the band definition. The result can be multiple overlapping band definitions.
In order to analyze the co-existence requirements for overlapping bands, a “generic” example of overlapping bands is introduced below.
2.1 Generic example of overlapping frequency bands
We assume two operating bands A and B, where A is a subset of B according to Figure 1. We can now use the example to analyze the protection requirements needed for BS operating in both bands A and B. We take the E-UTRA specification as an example first, then extending it to the combination UTRA/E-UTRA.
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Figure 1 Example with two overlapping operating bands A and B.
2.2 Analysis of co-existence for the generic example

In the E-UTRA specification TS 36.104 [3], there are “BS Spurious emissions limits for E-UTRA BS for co-existence with systems operating in other frequency bands” in Table 6.6.4.3.1-1. For Band A and B taken independently it would look like in Table 1. Note that the requirements are for BS operating in other bands than A and B respectively.

For each operating band there are two requirements:
· Protection of the Downlink band: This applies for BS operating in other bands. For BS in operating in Band A or B respectively, it is the Operating band unwanted emission limits that apply inside the respective downlink operating band, plus for an additional 10 MHz on each side.
· Protection of the Uplink band: This also applies for BS operating in other bands. For BS operating in Bands A and B respectively, there is a much stricter requirement (-96 dBm/100 kHz) for protection of the BS own receiver (or other co-located receivers in the same operating band).

Table 1: Co-existence spurious emissions limits for protecting Band A and B, with bands handled independently.
	System type for E-UTRA to co-exist with
	Frequency range for co-existence requirement
	Maximum Level
	Measurement Bandwidth
	Note

	FDD Band A
	ADL,low - ADL,high
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A.

	
	AUL,low – AUL,low
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver).

	FDD Band B
	BDL,low - BDL,high
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band B.

	
	BUL,low – BUL,low
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band B since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver).


Normally, the two requirements for Band A would always apply as stated in Table 1 for Band B base stations in the same geographical area and vice versa. This can however not be the case when the operating bands A and B are overlapping:
· Spurious emission limits for the BS transmitter exclude the frequency range of the operating band, plus an additional 10 MHz on each side. Since the protection requirements are spurious emission limits and Band A is completely inside Band B, the Band A downlink protection requirement (ADL,low - ADL,high) never applies for a Band B BS. While this is not evident from the table, it is the results of the definition of spurious emissions in TS 36.104. 
 
· For the same reasons and since Band B is partly inside Band A, the Band B downlink protection requirement (BDL,low - BDL,high) applies only partly for a Band A BS, also not evident from the table. The Band A downlink (ADL,low - ADL,high)  range plus 10 MHz on each side is excluded, and the regular Operating band unwanted emissions apply there.

· A similar situation exists for the uplink protection requirements, where the Band B protection of its own receiver completely overrides the Band A uplink protection limits and the Band A protection of its own receiver partly overrides the Band B uplink protection limits. This may be less of a problem, since the resulting limits are much tighter than what is shown in the table.

2.3 Alternative ways of listing overlapping bands
The ambiguity in the way co-existence of overlapping bands is defined can be alleviated by modifying the way the Table is drafted. This can be done in a way that does not pose any changed requirements, as shown in Table 2 and 3. 
Alternative 1 as shown in Table 2 recognizes that Band B completely overlaps Band A and at least identifies the connection between the bands. Alternative 2 in Table 3 gives full explanation of the frequency ranges where the bands apply, but the wording becomes quite extensive in order to cover all aspects.
Table 2: Alternative 1 for co-existence spurious emissions limits for protecting Band A and B.

	System type for E-UTRA to co-exist with
	Frequency range for co-existence requirement
	Maximum Level
	Measurement Bandwidth
	Note

	FDD Band A
	ADL,low - ADL,high
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A or band B.

	
	AUL,low – AUL,high
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A or Band B since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver).

	FDD Band B
	BDL,low - BDL,high
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band B.

	
	BUL,low – BUL,high
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band B since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver).


Table 3: Alternative 2 for co-existence spurious emissions limits for protecting Band A and B.

	System type for E-UTRA to co-exist with
	Frequency range for co-existence requirement
	Maximum Level
	Measurement Bandwidth
	Note

	FDD Band A
	ADL,low - ADL,high
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A or band B.

	
	AUL,low – AUL,high
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A or Band B since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver).

	FDD Band B
	BDL,low - BDL,high
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band B. For E-UTRA BS operating in Band A, it applies for (ADL,high +10 MHz) to (BDL,high).

	
	BUL,low – BUL,high
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band B since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver). For E-UTRA BS operating in Band A, it applies for (AUL,high) to (BDL,high), while the rest is covered in sub-clause 6.6.4.2.


A third option is to recognize that Band A and B systems are anyway deployed in the same geographical area, which implies that if Band A base stations need protection, so does Band B base stations. The requirements can therefore be merged into a single entry as shown with Alternative 3 in Table 4, taking Band A+B as one entity, with a frequency range identical to Band B. This makes the requirement clear and easy to understand.
When the Band A and B protection requirements are merged they also change. The frequency range for protection of Band A Base Stations is extended, making the limits tighter than before the merge for other BS deployed in the same area, except for a Band A BS. If the change is made in the same 3GPP release as Band B is introduced, this would not be a problem. If Bands A and B are introduced in the same release (“multiple band definitions”) this does not pose a problem either, since there are no legacy protection requirements.
Table 4: Alternative 3 for co-existence spurious emissions limits for protecting Band A and B.

	System type for E-UTRA to co-exist with
	Frequency range for co-existence requirement
	Maximum Level
	Measurement Bandwidth
	Note

	FDD Band A or B
	BDL,low - BDL,high 
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A or B.

	
	BUL,low – BUL,low 
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band A or B since it is already covered by the requirement in sub-clause 6.6.4.2 (protection of BS receiver).

	
	
	
	
	

	
	
	
	
	


2.4 Overlapping bands in 3GPP specifications

There are several operating bands defined in 3GPP Release 9 for UTRA and E-UTRA that are overlapping, while they are also potentially deployed in the same geographical area.
Bands 4 and 10: This is an example of band extension, where Band 10 is an extension of Band 4. The co-existence requierments are today independently listed as in table 1. There are presently no band 10 deployments. There are Band 4 deployments in the U.S., but it does not seem likely that the available frequency range will be extended to Band 10 in the foreseeable future. For this reason, the independent co-existence requirements are consistent with the present situation.

Band 6, (18) and 19: Band 19 is an extension of Band 6. The extended band actually encompasses a larger frequency range with multiple band definitions, being Band 18 plus 19. The co-existence requierments are today merged for Band 6, 18 and 19 as for the example in table 4 (Alternative 3). The reason is that the regional regulation identifies a co-existence requirement spanning all three bands, and in fact an additional 5 MHz. This requirement existed before the band extension, since the extension was envisioned in the regulation.
Band 12 and 17: Band 12 and 17 is an example of multiple band definitions, where the complete band defined in the regulation corresponds to Band 12, while Band 17 is a sub-band of Band 12. The co-existence requierments are today independently listed as in table 1. Bands 12 and 17 Base Station may potentially be deployed in the same geographical area, making the existing co-existence requirements ambiguous. Since the bands are introduced simultaneously in 3GPP specifications, a merged Band 12+17 requirements as in Alternative 3 (Table 4) would be the best way to remove the ambiguity. A second options would be Alternative 2, if the requirement levels are to remain unchanged.
Band 33 and 39: Band 39 is an extension of Band 33 that is implemented regionally. The co-existence requierments are today independently listed as in table 1.  Band 33 and 39 equipment would potentially be deployed in parallel in one region, while other regions may only have Band 33 equipment deployed. To resolve any ambiguity here, a clarified requirement as in Alternative 2 (Table 3) would be the best way forward.
3 Conclusion
The analysis above shows that co-existence requirements that are defined independently for protection of each band may be ambiguous when BS of overlapping frequency bands are deployed in the same geographical area. For some band combinations, this is already taken into account, while corrections are needed for other bands to remove the ambiguities. Three alternative solutions are identified above for the overlapping operating bands and it is pointed out that Alternative 3 is the best option in most cases.
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� The definition of spurious emissions in TS 36.104 excludes “the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
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