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1 Introduction
There are currently no specific emissions requirements for co-existence (same geographical area) and co-location for FR2 BS. The background captured in TR 38-817-2 for this is given as:
“OTA transmitter spurious emissions co-location requirements shall not be specified for BS type 2-O co-located with BS type 2-O. Regional requirements are FFS.”
 Whilst this states the fact that a decisions was made it does not state the reason behind this. As such the background is based on historical contributions and also memory.
As such there are 2 potential reasons why co-existence and co-location requirement were not specified.
1. The high path loss and isolation at FR2 renders them unnecessary
2. At the time the limited number of FR2 bands meant that 2 bands in the same geographical area was not considered a practical deployment and any regional exceptions could be dealt with as regional requirements.
3. Other mitigating factors
Clearly the work on FR2-1 multi-band BS indicates that there are now a number of regions where multiple FR2-1 bands are defined and potentially may be used (otherwise what is the point of a multi-band BS) as such it is worthwhile to re-examine the decision in particular if the reasoning was based on (2).
As the background behind the decision was not captured in great detail in the TR this paper looks at some of the background presented at the time and the decisions that were made. As well as potential requirements for both co-existence and co-location based on previous assumptions.
2 Background
Looking at the contributions on the issue of co-location (emissions and blocking) at the meetings prior to the agreement captured in the TR:
AD HOC NR#2 (June 2017)
R4-1706766, R4-1704951 measurement data from Ericsson FR2 mm wave isolation >70dB 
RAN4#84 (Aug 2017)
Some agreements were captured in WF for both co-location emissions and co-location blocking
R4-1706159 - WF on the exclusion of the Tx requirements in Range 2
· TX co-location emissions requirements for range 2 to range 2 should consider both isolation and feasible filter and antenna implementations
R4-1706160 - WF on the exclusion of the Rx requirements in Range 2
· Receiver co-location blocking requirements for range 2 to range 2 should take into account both isolation and feasible filter and antenna performance
RAN4#84bis (Oct 2017)
R4-1711778	TP for TR: on co-location requirements between sub-6 GHz and mm-wave bands
· Agreement that no-colocation needed between FR1 and FR2 due to high isolation captured in TR
RAN4#85 (Nov 2017)
R4-1713300 - On co-location/band-specific blocking for mm-wave bands (FR2)
· Proposal 1: The FR2 band-specific blocking requirements are not needed to be included in the first release of NR, rather can be specified when rel 15 is finalized within June 2018 time frame. (Not approved)
RAN4#86 (Feb 2018)
	Nothing relevant
RAN4#86bis (Apr 2018)
R4-1804963 - NR BS Tx spurious emission for co-location for FR2 – Nokia
· Observation: Other solutions like e.g. network synchronization should be used as starting point for BS co-location in FR2 bands.
· Proposal: OTA BS Tx spurious emission requirements for co-location shall not be specified. (Coloured green in chairman’s notes but it doesn’t specifically say agreed, as TP is agreed next meeting assume this was an agreement)
R4-1804248	TP to TR 38.817-02: NR BS out-of-band blocking requirements for FR2 (10.6)
· For BS co-location in FR2 bands, we consider the starting point should be network synchronization, because the feasibility for BS filter design to accommodate the stringent co-location blocking interfering signal level is yet to be studied. Besides, it would not be straightforward to decide a suitable interfering signal level, as the proposed value in [2] is obtained based on a certain set of parameters (e.g. BS output power) which may not be valid in other co-location scenarios. Moreover, the general OOBB requirement specified using the proposals in the previous section would provide some requirement coverage in the out-of-band frequency range with other 3GPP systems, and specific OOBB requirement can be specified per band if required. Therefore, we propose not to specify co-location blocking requirement.
· Proposal 6: Not to specify co-location blocking requirement.	AGREED
R4-1805814 - WF on NR BS out-of-band blocking requirement for FR2
1. RAN4 agreed to not specify FR2 to FR2 co-location receiver out-of-band blocking requirements.
RAN4#87 (May 2018)
R4-1807871 - TP to TR 38.817-02: Update of clause 9.7.5.1 OTA Transmitter spurious emissions for co-location.
· TP capturing agreement not to specify co-location emissions

Based on the available information it is not extremely clear on the technical background behind not specifying co-location requirements but ultimately consensus was reached that they were not necessary. Some points to note are:
1. FR1 to FR2 co-location was calculated to be mathematically not an issue due to high isolation – as the same was not shown for FR2-FR2 we can assume it is not mathematically impossible (based on known data)
2. It is not clear how FR2 co-location would be specified (FR1 uses a Co-location reference antenna) or tested FR1 uses a co-location test antenna), high isolations, lower power and wider BW’s make measuring FR2 more difficult, this difficultly factored into the decision. 
3. Band filtering for FR2 is more difficult than FR1 and it is believed tight filtering would be difficult if co-located bands were close in frequency
4. Synchronisation between bands to avoid the need for co-location was suggested (this would obviously work but was not agreed)
5. It is discussed that co-location can be dealt with as a regional requirement if necessary.
2 Discussion
2.1 MB-BS
Co-location is not specifically an MB-MS issue, in fact as to work a MB-BS must have the 2 bands synchronised co-location is not really relevant. However, it does clearly indicate that it is likely 2 (or more) bands will be used in the same geographical area and it is also of course likely they may be co-located. As such it is worth checking if this assumption is contrary to the reasoning used to not include co-existence and co-location in the FR2 requirements.
As there are no definitive agreements as to the reason why the requirements were excluded only that they were it is not easy to see if anything has changed, however:
There is some indication that the exclusion of these types of requirements was made for the deployment scenario at the time of 1st release (R4-1713300). 
In addition it is stated a number of times that if co-existence/co-location issues do occur it can be dealt with as a regional issue. This is perhaps a suitable solution if there are very few instances of multiple FR2 operating bands in the same geographical area but as this becomes more widespread it is perhaps better to deal with it inside the 3GPP requirements.
Lastly using synchronisation to prevent any issues is still of course a good technical solution but it is not clear if this is possible in FR2 any more than it is in FR1?
Certainly even if RAN4 maintains that there is no need for co-existence / co-location requirements in the requirements at this time it is sensible to provide more information in the TR as to if precautions need to be taken when multiple FR2 bands are deployed together or if the system is immune to any potential interference between the systems.
2.2	Analysis
2.2.1	Co-location emissions
Using information from previously presented isolation studies [R4-1706766, R4-1704951] we can assume that 2 co-located FR2 antennas have approx. 70dB isolation between 2 hypothetical conducted ports. A wide area FR2 BS with a declared EIS of -119dBm/50MHz is assumed to have an antenna gain of 33dBi.
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If we assume a 10dB sensitivity margin the acceptable level of interferer in the receive band is:


The existing regulatory requirement outside the operating band for CAT B is -15dBm/10MHz. As such it seems additional reduction of emission may be required to prevent desensitisation of a co-located receiver.
2.2.2	Co-existence emissions
Co-existence refers to having 2 FR2 bands in the same geographical area but not co-located.
Interestingly blocking tends to use the co-existence case to define the out of band blocking requirements but it does not refer to them explicitly as such. However it means there is a co-existence scenario defined which we can use to examine emissions.
A same geographical area BS is assumed to be at least 200m away and the antenna has down tilt which reduces it gain by 13dB when looking at another BS of similar elevation.
Assuming 28GHz and a wide area BS with a declared EIS of -119dBm.
If the emissions level is the CAT B level of -15dBm/10MHz, then:

Once again this is higher than the required sensitivity of -119dBm so would cause desensitisation of the victim receiver. Assuming once again that 10dB sensitivity margin is required the emissions level is approx. 20dB out of spec.
At this point it can be noted that both co-location and co-existence require a power level in the other FR2 band of approx. -33dBm/10MHz, as such it is perhaps not necessary to have both a co-existence and a co-location requirement. 
If co-location is not necessary then this greatly simplifies the test scenarios as there is no need for a co-location test antenna for FR2.
2.2.3 Co-location blocking
FR2 Co-location blocking is no specifically mentioned in 38.817-2 however there is no FR2 co-location blocking requirement.
Out of band blocking is given a field strength and calculated as follows:

Converting the existing field strength requirement (from co-existence case) to an equivalent conducted blocking level assuming 20dBi receive antenna gain (for the co-existence case this calculation was developed for this is 33dBi gain with 13dB down tilt) we have:
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Pcond
Using the measured port to port isolation of 70dBc we have:
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Pcond
Assuming 70dB isolation the co-location interference is less than that for the existing co-existence (or out of band blocking) case. As such a specific co-location blocking requirement seems to be unnecessary.
It is interesting synergy that the blocking and the emissions come to the same conclusion that the co-existence case is sufficient to cover the co-location case.
2.2.3 Analysis Summary
For both emissions and blocking it seems that if we assume a co-location case with an antenna to antenna isolation of 70dB then the co-existence case (antenna to antenna separation of 200m) is sufficient to ensure no interference occurs for both co-location and co-existence.
As the co-existence case is effectively already defined for the out of band blocking requirements this makes the analysis more simple.
Emissions for co-existence in the same geographical area would need to be approximately 20dB tougher than the existing CAT B emissions level at around -33dBm/10MHz.
Blocking for co-existence is effectively covered by the existing out of band blocking requirement so no addition co-existence (or co-location) requirement is needed.
3 Summary
The work on MS-BS makes it clear that multiple FR2 bands in the same geographical area is a valid deployment scenario. As such co-location (and co-existence) scenarios are also likely to exist.
Co-location is not an MB-BS issue as such as any MB-BS could be expected to have synchronised Tx and Rx across the bands.

Agreements as to the exclusion for co-location requirements in the 1st release of NR are captured in TR 38.817-2 but the background behind the decisions are not captured. Examination of contributions from the time show that it was not shown to be mathematically impossible to have co-location issues (as it was with TX IMD and FR1-FR2 co-location). But the decision was made based on using regional requirements if necessary and potentially other mitigating techniques such as network synchronisation.
Potentially as there are now many more FR2 bands relying on regional regulation rather than incorporating in 3GPP requirements is no longer the best course of action.
Brief analysis of the co-location and coexistence cases find that:
· Additional emissions requirements may be needed for both co-existence and co-location
· Co-existence however is sufficient to cover the co-location cases for both emissions and blocking
· Co-existence blocking effectively already exists so not additional blocking requirements re needed.
· A co-existence emissions requirement of approx. -33dBm/10MHz may be needed to ensure no desensitisation of victim receivers.
At this point we are not suggesting this must be added as a requirement, however if more co-existence scenarios are more likely as more FR2 bands are defined it might be useful to at least capture what is needed to ensure co-existence.
Proposal 1: It is proposed to discuss whether co-existence and co-location in FR2 need to be studied in Rel-18 WI.
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