3GPP TSG-RAN WG4 #100-e	R4-2114219
August 16th ‒ 27th, 2021
Electronic Meeting


Agenda item:	8.1.2
Source: 	Qualcomm Incorporated
Title: 	NR-U 6 GHz band for Europe from a UE perspective
Document for:	Discussion 
Introduction
The technical requirements for unlicensed operation in the range 5945 – 6425 MHz for Europe were published by ECC in November 2020 [1].  In response, a work item was initiated at RAN #90e in December 2020 [2] to start the specification work.  Since that time, RAN4 has been evaluating and developing the technical requirements for the band but one of the key objectives remains unresolved – that is, whether the European regulatory requirements are best handled by relevant updates (if any) of band n96 or whether a new band is needed.  The inability of RAN4 to reach agreement on this aspect was then highlighted on the status report to RAN#92e [3] where RAN intervention was requested.  
Discussion
The status report [3] 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
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.


Most UE requirements defined in 38.101-1 either apply generally to all bands, or apply with respect to the channel, rather than the specific band.  Therefore, these requirements are indifferent to whether a new band is defined or whether band n96 is reused.  There are another set of requirements that do depend on the band upper or lower edge; for example, some blocking requirements are specified with different bandwidth aggressors depending whether the upper edge of the band is below or above 2700 MHz.  However, since the spectrum being discussed here is well above 2700 MHz, these requirements will not be impacted by either option since both options will be above 2700 MHz.  Another example is DMPR which applies when the relative bandwidth is large.  The relative bandwidth is the channel bandwidth normalized by the center frequency of the uplink band.  The center frequency of the uplink is 6275 MHz and 5960 MHz, respectively, for option 1 and option 2.  This implies that zero DMPR can apply for channel bandwidths up to 251 MHz and 238 MHz for option 1 and option 2.  Neither of these is seen as limiting since the maximum channel bandwidth for NR-U is currently 80 MHz.  Finally, there are some requirements that do have a dependency on the band.  These are tabulated below for the UE in Figure 1 below.
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Figure 1.  UE requirements from 38.101-1 for option 1 and option 2

Introduction of these requirements into the 38.101-1 specifications is manageable with either option.  The primary difference is in the applicability and reach of in-band and out-of-band blocking requirements.  These blocking requirements are defined relative to the band edge (FDL_low and FDL_high) to reflect the behavior of the UE band filter to provide Rx rejection further away from the Rx band.  Essentially, the reuse of Band n96 would imply a filter with passband 5925 – 7125 MHz and therefore only provides rejection outside of this range, while a new band could imply a filter with passband 5945 – 6425 MHz.  However, in actual UE implementation, it is likely that a common hardware front-end configuration will be used for both Band n96 and the European 6 GHz unlicensed band – certainly for a UE that supports both bands.  Therefore, the front-end filter will have a passband over the entire 5925 – 7125 MHz frequency range.  This understanding has already been acknowledged at least on the Tx side in a previous agreement [4] where “no filter rejection is assumed <5935 MHz and >6425MHz for spurious emissions.”

Conclusion
The differences in technical specifications between option 1 to reuse Band n96 and option 2 to define a new band to enable European lower 6 GHz unlicensed operation is summarized for the UE in this contribution.  It has been demonstrated that either option can be accommodated by specification, but the primary difference is in the in-band and out-of-band blocking requirements.  If it is assumed that the UE implements a common filter between wideband 6 GHz and lower 6 GHz for Rx, as it has already been assumed for Tx, then neither option is materially different.  On the other hand, if it is assumed that a band-specific filter is implemented for option 2, then in-band and out-of-band blockers can be defined closer to the 5945 MHz and 6425 MHz band edges.  However, such an option could result in market fragmentation and hinder global economies of scale since common hardware cannot be reused between different regions implementing unlicensed 6 GHz.
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Sub-clause Requirement Option 1  (Reuse Band n96) Option 2 (Create new Band nXX)

5.2Operating band

Note 14 modified for n96 to indicate applicability is limited to 

5945 - 6425 MHz for European countries conforming to ECC 

Decision 20(01).

New band nXX is defined with note indicating applicability for 

European countries conforming to ECC Decision 20(01)

5.2FUL_low Limited to 5945 MHz Defined as 5945 MHz

5.2FUL_high Limited to 6425 MHz Defined as 6425 MHz

5.2FDL_low Limited to 5945 MHz Defined as 5945 MHz

5.2FDL_high Limited to 6425 MHz Defined as 6425 MHz

5.3.5UE channel bandwidth per operating band Reuse already defined bandwidths and SCS for n96 New entry in bandwidths table for Band nXX

5.4.2.3Channel raster entries for each operating band Note to limit channel numbers to >= 796334 and <= 828333 New entry in ARFCN table for Band nXX

5.4.3.3Synchronization raster entries for each operating band Note to limit GSCN to >= 9545 and <= 9877 New entry in sync raster table for Band nXX

6.2F.1UE maximum output power PC5 applies, no change needed New entry in power class table for Band nXX

6.2F.1Additional requirements for transmit power density

New NS's added for Band n96 to reflect 10 dBm/MHz LPI and 1 

dBm/MHz VLP

NS values to be defined for the new band nXX to reflect 10 

dBm/MHz LPI and 1 dBm/MHz VLP

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

6.2F.3UE additional maximum output power reduction

New NS's added (same as those in 6.2F.1) for Band n96 to reflect 

additional spurious emissions requirements of -22 dBm/MHz LPI 

and -45 dBm/MHz VLP

NS values to be defined (same as those in 6.2F.1) for the new 

band nXX to reflect additional spurious emissions requirements 

of -22 dBm/MHz LPI and -45 dBm/MHz VLP

6.2F.3.xA-MPR tables New A-MPR tables needed New A-MPR tables needed

6.5F.3.3.xAdditional spurious emissions

New NS emission requirement of -22 dBm/MHz and -45 

dBm/MHz

New NS emission requirement of -22 dBm/MHz and -45 

dBm/MHz

7.3F.2Reference sensitivity power level The Band n96 refsens is reused

New entry in refsens table, but the same value as n96 is 

expected

7.3F.2Network signaling value for reference sensitivity

NS_53 does not apply for Europe, so a different NS would need 

to be identified.  It may also be possible to use NS_01 for Band 

n96 (both US and EU). An NS as defined for Band nXX would be used

7.6F.2In-band blocking

IBB case 2 extends to 3*CBW below 5925 MHz and 3*CBW above 

7125 MHz

IBB case 2 extends to 3*CBW below 5945 MHz and 3*CBW above 

6425 MHz

7.6F.3Out-of-band blocking

OOBB range 2 and range 3 boundary is MAX(3*CBW, 200 MHz) 

relative to 5925 MHz and 7125 MHz

OOBB range 2 and range 3 boundary is MAX(3*CBW, 200 MHz) 

relative to 5945 MHz and 6425 MHz


