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Introduction
The work item for introduction of the lower 6 GHz NR unlicensed band for Europe is not progressing in RAN4.  An impasse has been reached whereupon RAN4 is not able to decide between two options:  reuse Band n96 or define a new dedicated band for Europe.  Continued discussion in RAN4 does not appear to be effective so it is recommended that RAN plenary make a decision so the specification work can be completed in accordance with the agreed work item. 
Discussion
Deadlock situation in RAN4
At RAN #92-e, the status report [1] for the work item to introduce lower 6 GHz NR unlicensed operation for Europe presented two options to either reuse Band n96 or to define a new band.  The following was reported (yellow highlight is the author’s)
Both options will for the UE require specific NS(s) to be defined to contain the regulatory requirements. The BS shall follow regional regulations per general statement when operating in shared spectrum. The regulations for unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe is defined by ECC Decision (20)01 which initiated this WI. It has during the RAN4 meetings been questioned if these regulations are sufficient to introduce unlicensed operation in the lower 6 GHz range (5945 MHz to 6425 MHz) and if further considerations should be given to the upper 6 GHz range (6425 MHz to 7125 MHz). Note that no regulations have yet been defined in Europe for the upper 6 GHz range. 

[bookmark: _Hlk73534892]The above elaboration leaves the question if the WI shall wait for regulations in Europe for the upper 6 GHz range and which of the two options for introducing unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe shall be followed.

REQUESTED ACTION: RAN plenary shall decide if unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe shall be based on available ECC Decision (20)01 or RAN4 shall consider other aspects as well. Further, RAN plenary is requested to decide which of the two listed options RAN4 shall follow to introduce unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe.  

There are two parts of the requested action to RAN – whether the requirements should be based solely on ECC Decision (20)01 or whether other aspects should also be considered.  The agreement from RAN #92e is as follows

RAN agreement from intermediate email discussion round (acc. to Proposal #4-2 of section 4.4.2):
Unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe shall be based on available ECC Decision (20)01.

The second part if whether Band n96 shall be reused or whether a new band shall be defined.  For that, the RAN #92e conclusion is

RAN4 is tasked to compare option 1 (Re-using already defined band n96) and option 2 (Defining a new band n[xx]) regarding requirements and signaling in the Aug.21 RAN4 meeting and to bring a comparison table back to RAN #93e.


RAN4 attempted to generate a comparison table between option 1 and option 2 regarding requirements and signaling in accordance with the guidance provided in RAN #92-e, but failed to reach agreement.  

The status report from the rapporteur [2] for RAN #93-e indicates once again that progress is critically behind for exactly the same reason as previously reported

[bookmark: _Hlk73532495]The main open issue delaying progress on all other aspects is whether a new band shall be defined or already defined n96 (5925 MHz to 7125 MHz) can be reused for unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe. 

The requested action to RAN is exactly the same as from RAN #92-e
REQUESTED ACTION: RAN plenary shall decide if unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe shall be based on available ECC Decision (20)01 or RAN4 shall consider other aspects as well. Further, RAN plenary is requested to decide which of the two listed options RAN4 shall follow to introduce unlicensed operation in the frequency range 5945 MHz to 6425 MHz in Europe.  

It is clear that without RAN intervention, RAN4 will continue to flounder without progress, yet consuming precious meeting time.
Analysis of two options
While it was not agreed, a comparison table between the two options was discussed with the impact in specifications for both the UE and the BS included.  The last version of the table (not agreed) provided by the moderator of the email thread from RAN4 #100-e is copied below
Table 1 – Comparison of UE specification (TS 38.101-1) impact for the two options
	Affected clause
	Requirement
	Option 1
Re-using already defined band n96
	Option 2
Defining a new band n[xx],

	5.2
	Operating bands
	No changes needed
Existing band n96 is re-used
FUL_low: Limited to 5945 MHz
FUL_high: Limited to 6424 MHz
FDL_low: Limited to 5945 MHz
FDL_high: Limited to 6424 MHz
	Changes needed 
A new band [nXX] is added
FUL_low: Defined as 5945 MHz
FUL_high: Defined as 6424 MHz
FDL_low: Defined as 5945 MHz
FDL_high: Defined as 6424 MHz

	5.2A.1, 5.2A.2
	Intra-band CA and inter-band CA
	Potential re-use of band n96 combinations limited to the frequency range available in Europe.

	Potential duplicating of band combinations with new band number.


	5.3.5
	UE channel bandwidth per operating band
	No changes needed
Existing channel bandwidth will be re-used. Including 100MHz CBW.
	Changes needed 
Duplicating and re-using of the n96 channel bandwidth for the new band in the bandwidth table. Including 100MHz CBW.

	5.4.2.3
	Channel raster
	No changes needed
Existing channel rasters are re-used (with a NOTE if needed limiting the range for the EU/CEPT region)
	Changes needed 
Duplicating and re-using of the n96 channel rasters, that correspond to the 5945-6425MHz range

	5.4.3.3
	Sync raster
	No changes needed
Existing sync rasters are re-used (with a NOTE if needed limiting the range for the EU/CEPT region)
	Changes needed 
Duplicating and re-using of the n96 sync rasters corresponding to the 5945-6425MHz range

	5.5A.1
	Configurations for intra-band contiguous CA
	No changes needed
Band n96 intra-band CA configurations will be re-used, including being standardised NR-U UL CA.
	Changes needed 
Duplicating and re-using of n96 intra-band CA configurations, including being standardised NR-U UL CA.

	5.5A.3.1
	Configurations for inter-band CA (two bands)
	Potential re-use of band n96 combinations limited to the frequency range available in Europe.

	Potential duplicating of band combinations with new band number.


	6.2F.1
	UE maximum output power
	Specification changes
New NS value(s) corresponding to the EU/CEPT regulations

	Specification changes
New NS value(s) corresponding to the EU/CEPT regulations

	
	
	One company expresses concerns with having multiple NS values defined for a single band and questions if European regulatory conformance can be meet with this approach. Other companies do not share this concern and note that other bands defined within the 3GPP specification also have multiple NSs for different regions. 

	6.2F.2
	UE maximum output power reduction
	No changes needed
	No changes needed

	6.2F.3
	UE additional maximum output power reduction
	Changes needed 
New NS value(s) added but only applicable for the 5945-6425 MHz range restricting operation within this frequency range. 
	Changes needed 
New NS value(s) for the new band

	7.3F
	Reference sensitivity
	No changes needed
Band n96 requirements are re-used.
Including REFSENS exceptions for band combinations in 38.101-1 and 38.101-3
	Changes needed 
Duplicating and re-using of band n96 requirements.
Including REFSENS exceptions for band combinations in 38.101-1 and 38.101-3

	7.6F.2
	In-band blocking characteristics
	FFS
	FFS

	
	
	Some companies are of the opinion that the same blocking requirements (In and Out-of-band) from n96 shall be applied in the full n96’s range (5925 – 7125 MHz) to account for the RAN4 agreement that independent of reusing n96 or defining a new band, the requirements shall allow a UE implementation that shares the same hardware. Other companies want more stringent out-of-band blocking requirements for the range from 6425 to 7125 MHz. It is commented that there currently are no regulatory requirements to out-of-band blocking in the range from 6425 to 7125 MHz.  

	7.6F.3
	Out-of-band Blocking characteristics
	FFS

	FFS 

	
	
	See comments to 7.6F.2



Table 2– Comparison of BS specification (TS 38.104) impact for the two options
	Affected clause
	Requirement
	Option 1
Re-using band n96
	Option 2
Defining a new band n[xx]

	5.2
	Operating band
	No changes needed
Existing band n96 is re-used
FUL_low: Limited to 5945 MHz
FUL_high: Limited to 6424 MHz
FDL_low: Limited to 5945 MHz
FDL_high: Limited to 6424 MHz
	Changes needed 
A new band [nXX] is added
FUL_low: Defined as 5945 MHz
FUL_high: Defined as 6424 MHz
FDL_low: Defined as 5945 MHz
FDL_high: Defined as 6424 MHz

	5.4.2.3
	Channel raster entries for each operating band

	No changes needed
Existing channel bandwidth will be re-used. Including 100MHz CBW.
	Changes needed 
Duplicating and re-using of the n96 channel bandwidth for the new band in the bandwidth table. Including 100MHz CBW.

	5.4.3.3	
	Synchronization raster entries for each operating band

	No changes needed 
Existing channel rasters are re-used (with a NOTE if needed limiting the range for the EU/CEPT region)
	Changes needed 
Duplicating and re-using of the n96 channel rasters, that correspond to the 5945-6425MHz range

	6.6.1
	General

	FFS if the definition of Foube have to be clarified for the range 5945-6425 MHz when operated in EU
	FFS if  Foube needs redefining  for new band

	6.6.3.2
	ACLR
	No changes needed
	Changes needed 
Duplicating and re-using from n96 and add the new band number

	6.6.5.2	
	UEM
	FFS
	FFS

	7.2.2	
	REFSENS
	No changes needed
	Changes needed 
Duplicating and re-using from n96 and add the new band number

	7.3.2	
	Dynamic range
	No changes needed
	Changes needed 
Duplicating and re-using from n96 and add the new band number

	7.4.1.2
	ACS requirement
	No changes needed
	Changes needed 
Duplicating and re-using from n96 and add the new band number

	7.4.2
	In-band blocking

	Changes needed 
Modify the requirement for 5945-6425 so note is not based on operating band but on restricted frequency range (and potentially a modified Foube) when operating in EUFFS 
	Changes needed 
Clarify Foube requirements for new band with the range 5945-6425 MHz

	7.5.2
	Out-of-band blocking
	Changes needed 
Modify the requirement for 5945-6425 so note is not based on operating band but on restricted frequency range (and potentially a modified Foobb) when operating in EUFFS 
	Changes needed 
Clarify Foobb requirements for new band with the range 5945-6425 MHz

	7.5.3
	Co-location minimum requirements
	Changes needed 
Paragraph 4 and Note 3 would have to be modified to take into account the range 5945-6425 MHz when operated in EU (not the operating band as the exclusions would only exist for the allocated sub-band).
	No change needed

	7.6.2
	Receiver spurious emissions
	Changes needed 
Modify the requirement for 5945-6425 so note is not based on operating band but on restricted frequency range (and potentially a modified Foube) when operating in EU
	No change needed

	7.7.2
	Intermodulation requirement
	No changes needed
	Changes needed 
Duplicating and re-using from n96 and add the new band number

	7.8.2
	ICS requirement
	No changes needed
	Changes needed 
Duplicating and re-using from n96 and add the new band number




Though one option might be argued to be simpler or cleaner than the other, it is our view that either option can be implemented in the specifications.  The primary differences between the two options are
1. In band and out-of-band blocking for the UE,
2. Boundaries for out-of-band blocking and operating band unwanted emissions for the basestation,
3. Ability to comply with regulations.
UE blocking
While it has already been agreed that the minimum requirements should be defined in a manner to allow the same hardware to be reused between Band n96 and the European band regardless of which option is chosen (see RAN4 Main chairman’s meeting minutes from RAN4 #100-e), there are differing expectations on what level of blocking could be achieved by the UE between option 1 and option 2.  With option 2 (new band for Europe), it is expected by some companies that UE blocking tolerance against an interfering signal in the 6425 – 7125 MHz range could be better – mostly likely facilitated by a dedicated RF band filter that covers only the lower 6 GHz frequency range allowed in Europe for unlicensed operation.  Because of the agreement that the same hardware could be reused, however, the minimum requirements specified by 3GPP would not assume any filter attenuation above 6425 MHz.  Therefore, the minimum requirements specified by 3GPP are not expected to be any different between Band n96 and the European band over the 6425 – 7125 MHz range unless it can be agreed that improved blocking is achievable without the benefit of a filter and with the same radio Rx chain.  Moreover, even if a new band were to be defined for Europe different from Band n96, unless devices are built only for Europe, it is most likely that devices will support both Band n96 and this new band with the same hardware.  In other words, a dedicated European filter is not the expected implementation.  Finally, it is noted that the ECC Decision which was understood to serve as the basis for the commencement of this work does not specify any UE blocking requirement.
Therefore, it is our view that there is no practical UE blocking advantage to option 2 compared to option 1.  The minimum requirement as specified by 3GPP is expected to be the same for both options.
BS unwanted emissions and out of band blocking
For basestation operating band unwanted emissions and out-of-band blocking, there are two considerations.  The first is  how the requirement should be implemented in the specification by using the band designator or by including a note.  Both approaches are feasible and while the addition of notes into the specifcation is more cumbersome, this does not justify selecting one option or another.  The second consideration is that actual requirement itself, for example, whether the DfOOB and DfOBUE offsets should follow Band n96.  In our view, this is a technical discussion that can be discussed, but the conclusion can be implemented by either option.  If it is agreed that 40 MHz (or 50 MHz) DfOBUE should apply relative to 5945 MHz and 6425 MHz boundaries (or to 5925 MHz and 7125 MHz boundaries), then this can be accomodated by the specifications no matter which option is selected.
Regulatory compliance
Regulatory compliance is mandatory irrespective of what is or what is not specified in 3GPP.  Companies have raised concern that option 1 to reuse Band n96 may inadvertently allow a UE or BS to operate on an illegal frequency range beyond that authorized by the European regulators.  To be clear, the 3GPP specifications do not allow any illegal operation.  The most that can be said is that the 3GPP requirements are more relaxed than the regulations and therefore do not fully represent all the constraints that equipment must conform to.  Furthermore, 3GPP specifications are voluntary so cannot be used as an enforcement mechanism for regulatory compliance.  Nonetheless, 3GPP should strive to ensure its specifications are consistent with the regulations.  3GPP has done this with the introduction of NS signaling and by inclusion of boundary conditions in its specifications.  For example NS signaling is defined in 3GPP RAN4 specifications to indicate additional spurious emission requirements or power spectral density requirements associated with regulations.  Another example is a note indicating only a subset of a band or subset of the channel numbers are available in some country.  Thus, it is our view that regulatory compliance is not a discriminaing factor between either of the two options.
In summary, in spite of RAN4’s inability to reach consensus on the specification impact of each option to respect the request from RAN #92-e, it is our view that either option is feasible for specification.  Our preference is for option 1 to reuse Band n96 with approriate modifications because it more closely aligns with the agreement that the UE hardware can be shared.  Moreover, given the large number of bands and band combinations for CA and DC, our view is additional band numbers unless justified should be avoided.  We do not see the justification for a new band number.
RAN decision
At this point in time after much discussion in RAN4 without agreement, we echo the recommendation from the rapporteur that RAN intervention is necessary.  Without this intervention, we believe that RAN4 will continue to use up valuable meeting time repeating the same arguments without conclusion.  We summarize the options available to RAN #93-e as follows
Option 1:  Reuse band n96
Option 2:  Define a new band
Option 3:  Both option 1 and option 2 – modify Band n96 as needed AND also create a new band
Option 4:  Put the WI on hold
Option 1 and option 2 are well defined from previous discussion.  Option 3 was proposed by the author at RAN4 #100-e as a compromise to break through the impasse.  Instead of having to choose between the two options (reuse Band n96 or create a new band), both options could be implemented in the 3GPP specifications and eventually, one option might be discarded.  However, this proposal was not agreed at RAN4 #100-e and in fact, is not our preference either.  It is an inelegant solution, creates additional work, and leads to ambiguous standards only because RAN4 is not capable of making a decision.  It does not reflect positively on RAN4.  Similar to option 3, an option 4 was proposed by the rapporteur of the work item to put the work on hold since no further progress can be made.  Some companies believe that insufficient data is available today to conclude on requirements and are therefore seeking to leave flexibility to accommodate possible future regulations especially with regard to UE blocking against a network operating in the 6425 – 7125 MHz frequency range.  Deferring the work would certainly address that concern, but would be most unfortunate since the ECC Decision is clear, the spectrum is available, and other non-3GPP technologies will not hesitate to embrace this new spectrum while 3GPP waits with indecision on the sidelines.
We propose that RAN plenary take a decision on option 1 or option 2.  Our preference is option 1.  
Conclusion
An unfortunate situation where RAN4 has been incapable of reaching an agreement over the course of several meetings has led to the inability to progress the work item on the European unlicensed lower 6 GHz band.  Two options have been discussed over the past meetings – option 1 to reuse Band n96 with appropriate modifications to reflect European regulations, and option 2 to define a new band specifically to reflect European regulations.  A comparison between these two options and their impact to the specifications has been presented with a conclusion that either option is feasible for implementation into 3GPP specifications.  Our preference is option 1 because it more closely aligns to agreements on setting the minimum requirements to enable common hardware between Band n96 and the European frequency range.  Furthermore, there does not appear to be sufficient technical justification to create another new band in the specification when there are already a large number of bands and band combinations.  We urge RAN plenary to take a decision so RAN4 can complete its specification work.
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