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Introduction
Recently, the issue of a UE supporting only one or more subsets of a band was uncovered for Band n77 in the US and Canada.  While specific solutions involving NS signaling and UE capability indication were specified in short order for these issues, the search for a more general treatment of the problem was proposed in [1].   
Discussion
The SID objectives are listed below
· Investigate and identify the root cause of  issues associated with regional frequency allocations, using U.S. and Canadian treatment of n77 as examples, as the first step
· Based on the outcome of the above investigation, provide a general solution or general principles for UE regulatory compliance status issues for regional frequency ranges of large global bands considering:
· Introduction of new bands/band numbers;
· Solutions without introduction of new bands/band numbers, i.e., reusing the existing band numbers with appropriate signaling to differentiate UE regulatory compliance support from 3GPP band definitions;
· The UE should be ensured to support the full frequency range on its supported bands to avoid market fragmentation.

During RAN #97-e, agreements were reached on a text proposal [2] detailing the root cause as well as a separate text proposal [3] on other issues related to UE certification and roaming.  However, proposed solutions involving either new bands and/or band numbers or not including new bands or band numbers are not yet agreed.
Solutions with a new band number
One possible solution, also discussed for Band n77, is to create a new band for each subset.  The advantage of a new band is that new signaling is not needed.  The existing signaling for band identification both from the network and the UE can be reused.  Additionally, by defining a band for each subset in each country, there is no dependency or assumption of a UE always supporting the subsets that were defined previously.  Each subset is its own band and can be independently signaled both by the basestation and the UE.  The disadvantage of a new band is the potentially large number of bands and a disassociation of the new band with the parent band.  Often when operators are specifying band requirements, it is a challenge to enable ecosystem support for all of their bands – this is particularly true for smaller operators.  Further defining new bands may exacerbate that problem.  One other disadvantage of a new band is the carrier aggregation configurations.  Carrier aggregation combinations would need to be specified and UE signaling for the support of all the combinations with the new bands.  While rules can be written to make implicit the applicability and support of all carrier aggregation combinations of the parent band to the new bands as well, it can be expected that misunderstand and misinterpretation might lead to disappointment or lack of support.  For any new band approach, it should also be mandated by the new band can only be supported if the parent band is also supported.
Taking Band n77 as an example, the following new bands could have been defined
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	…
	…
	…
	…

	n106XX
	3700 MHz – 3980 MHz
	3700 MHz – 3980 MHz
	TDD

	n107XX
	3450 MHz – 3550 MHz
	3450 MHz – 3550 MHz
	TDD

	n108YY
	3450 MHz – 3650 MHz
	3450 MHz – 3650 MHz
	TDD

	n109YY
	3650 MHz – 3980 MHz
	3650 MHz – 3980 MHz
	TDD

	…
	…
	…
	…

	NOTE XX: This band is a subset of Band n77 and is applicable in the US.
NOTE YY: This band is a subset of Band n77 and is applicable in Canada.	



A formal definition of band subset should be provided.  Restrictions for a band subset could also be specified.  For example, it could be specified that support of a band subset is allowed only if the parent band is also supported.  Furthermore, it could be specified that the requirements for the subset follow those of the parent band.  For example, UE out-of-band blocking limits could be specified according to the FDL_low and FDL_high of the parent band recognizing the UE filter will be designed to support the parent band rather than the band subset.  Carrier aggregation would also need to be reconsidered since inter-band carrier aggregation between the subset bands should be regarded as intra-band.  The notes in the above table for applicable country might be omitted since they are not expected to be included in a test case and could become difficult to manage if many countries are to be included.
Solutions with new signalling
Another possible solution without the need to define new band numbering is to introduce new signaling of band subsets.  Whereas the Band n77 solution created hard-coded UE capabilities extendedBand-n77-r16 and extendedBand-n77-2-r17, a more general solution would be to create a general UE capability per band that indicates the subset(s) of the band supported for the country of operation.  One possibility is a bitmap indication corresponding to a new table in TS 38.101-1.  An example is given below
  Table XXX: Band subsets for FR1
	NR operating band
	Subset bit indicator
	Uplink (UL) frequency range
	Downlink (DL) frequency range


	…
	
	…
	…

	n 77
	1
	3700 MHz – 3980 MHz
	3700 MHz – 3980 MHz

	
	2
	3450 MHz – 3550 MHz
	3450 MHz – 3550 MHz

	
	3
	3450 MHz – 3650 MHz
	3450 MHz – 3650 MHz

	
	4
	3650 MHz – 3980 MHz
	3650 MHz – 3980 MHz

	…
	
	…
	…



Similar to above a formal definition of band subsets should be provided.  Since this is not a new band identifier, the requirements of the parent band still apply.  The UE shall be required to meet all the requirements for the parent band including the full range of operation (3300 – 4200 MHz in the case of Band n77), but when a subset(s) is signaled in a particular country, only the limited frequency range(s) are available in that country.  With this approach, it is well recognized that the band n77 is unchanged, there is no new band to keep track of, and all subsets of the band are easily located in a single table.  However, this table only provides the UE capability indicator.  In order to prevent legacy UE’s from repeatedly attempting to connect to the cell, signaling should also be made available from the network to the UE.  In the case of Band n77, NS_55 and NS_57 were created to prevent legacy UE’s from accessing the cell.  These were needed in case the UE would repeatedly attempt to re-connect to the cell after receiving an RRCReject.  The justification is since the UE does not know why its connection request was rejected, it would continually retry the connection.  Hence, a potential solution instead of repurposing the NS mechanism is for the network to provide an indication as part of or along with the RRCReject message indicating the reason for rejecting the connection request; i.e., an indication to the UE that it does not support the needed capability.  The problem with this approach is the RRCReject does not occur until after the UE has already attempted to connect to the cell during which time it has already transmitted numerous times.  Therefore, indication from the network needs to be in SIB.  For new bands, a new SIB IE can be developed by RAN2 to indicate to the UE to need for certification that applies for a subset of the band.  It is a similar manner to how the hardcoded NS was used but instead this could also be indicated by the abovementioned bitmap.  It is likely that the new SIB IE can only be made available for new bands.  Existing legacy bands, if they require subsets, may have to repeat the hardcoded approach as was done for Band n77.
Recommendation
The key difference between defining a new band or band number compared to an approach of reusing the existing global band or band number is the need to introduce new signalling.  In general, it is discouraged to introduce new signalling unless there is a demonstrated need.  Moreover, since the problem of band subsets may not be rare, but is also not expected to be very commonplace, the introduction of new signalling is probably not justified.  In that sense, the solutions with a new band (number) are preferable so long as the issues identified previously are addressed.  These include
· The new band number is formally identified as a subset of an existing larger band,
· The UE is required to fully support the existing larger band as a prerequisite to supporting the new subset,
· Band combinations defined for the larger band automatically apply to the subset without the need for further specification work unless exceptions are identified,
· Band combinations signaled by the UE for the larger band implicitly apply to the subset without additional signaling needed,
· UE out-of-band blocking for the subset refers to FDL_low and FDL_high of the larger band since it is not expected that the UE will implement a sub-band filter for the subset band.
It is also noted that the definition of a subset new band number is only needed if a regulator enables a second or later subset within the larger band at a later time than the first subset was first enabled.  One of the aspects of root cause identified in [2] was 
The regional regulator subsequently allocates other portions/subsets of the band [and/or regulations change within the existing sub-bands]. 

Hence, the new band number is not needed until subsequent portions/subsets of the band are made available by the regulator.  All other conditions identified in the root cause should also be met before a new band number is requested.

Conclusion
In this contribution, solutions and a recommendation are provided to resolve issues related to UE support of band subsets within existing larger bands.  The root causes using Band n77 for the US and Canada were previously identified, but solutions involving either new bands or band numbers or instead involving new signaling had not yet been agreed.  The contribution presents both of these types of solutions but ultimately recommends the usage of new band numbers to avoid the introduction of new signaling since the number of cases where subsets become a problem should be limited.  However, there are some conditions and simplifications imposed on the new band numbers to reduce the required overhead since these new band numbers are not truly new band entities.  A TP to conclude the TR is included for approval.
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6	Possible solutions
6.1	Solution 1:  Solutions with a new band number
One possible solution, also discussed for Band n77, is to create a new band for each subset.  The advantage of a new band is that new signaling is not needed.  The existing signaling for band identification both from the network and the UE can be reused.  Additionally, by defining a band for each subset in each country, there is no dependency or assumption of a UE always supporting the subsets that were defined previously.  Each subset is its own band and can be independently signaled both by the basestation and the UE.  The disadvantage of a new band is the potentially large number of bands and a disassociation of the new band with the parent band.  Often when operators are specifying band requirements, it is a challenge to enable ecosystem support for all of their bands – this is particularly true for smaller operators.  Further defining new bands may exacerbate that problem.  One other disadvantage of a new band is the carrier aggregation configurations.  Carrier aggregation combinations would need to be specified and UE signaling for the support of all the combinations with the new bands.  While rules can be written to make implicit the applicability and support of all carrier aggregation combinations of the parent band to the new bands as well, it can be expected that misunderstand and misinterpretation might lead to disappointment or lack of support.  For any new band approach, it should also be mandated by the new band can only be supported if the parent band is also supported.
Taking Band n77 as an example, the following new bands could have been defined
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	…
	…
	…
	…

	n106XX
	3700 MHz – 3980 MHz
	3700 MHz – 3980 MHz
	TDD

	n107XX
	3450 MHz – 3550 MHz
	3450 MHz – 3550 MHz
	TDD

	n108YY
	3450 MHz – 3650 MHz
	3450 MHz – 3650 MHz
	TDD

	n109YY
	3650 MHz – 3980 MHz
	3650 MHz – 3980 MHz
	TDD

	…
	…
	…
	…

	NOTE XX: This band is a subset of Band n77 and is applicable in the US.
NOTE YY: This band is a subset of Band n77 and is applicable in Canada.	



A formal definition of band subset should be provided.  Restrictions for a band subset could also be specified.  For example, it could be specified that support of a band subset is allowed only if the parent band is also supported.  Furthermore, it could be specified that the requirements for the subset follow those of the parent band.  For example, UE out-of-band blocking limits could be specified according to the FDL_low and FDL_high of the parent band recognizing the UE filter will be designed to support the parent band rather than the band subset.  Carrier aggregation would also need to be reconsidered since inter-band carrier aggregation between the subset bands should be regarded as intra-band.  The notes in the above table for applicable country might be omitted since they are not expected to be included in a test case and could become difficult to manage if many countries are to be included.
6.2	Solution 2:  Solutions with new signalling
One possible solution, also discussed for Band n77, is to create a new band for each subset.  The advantage of a new band is that new signaling is not needed.  The existing signaling for band identification both from the network and the UE can be reused.  Additionally, by defining a band for each subset in each country, there is no dependency or assumption of a UE always supporting the subsets that were defined previously.  Each subset is its own band and can be independently signaled both by the basestation and the UE.  The disadvantage of a new band is the potentially large number of bands and a disassociation of the new band with the parent band.  Often when operators are specifying band requirements, it is a challenge to enable ecosystem support for all of their bands – this is particularly true for smaller operators.  Further defining new bands may exacerbate that problem.  One other disadvantage of a new band is the carrier aggregation configurations.  Carrier aggregation combinations would need to be specified and UE signaling for the support of all the combinations with the new bands.  While rules can be written to make implicit the applicability and support of all carrier aggregation combinations of the parent band to the new bands as well, it can be expected that misunderstand and misinterpretation might lead to disappointment or lack of support.  For any new band approach, it should also be mandated by the new band can only be supported if the parent band is also supported.
Taking Band n77 as an example, the following new bands could have been defined
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	…
	…
	…
	…

	n106XX
	3700 MHz – 3980 MHz
	3700 MHz – 3980 MHz
	TDD

	n107XX
	3450 MHz – 3550 MHz
	3450 MHz – 3550 MHz
	TDD

	n108YY
	3450 MHz – 3650 MHz
	3450 MHz – 3650 MHz
	TDD

	n109YY
	3650 MHz – 3980 MHz
	3650 MHz – 3980 MHz
	TDD

	…
	…
	…
	…

	NOTE XX: This band is a subset of Band n77 and is applicable in the US.
NOTE YY: This band is a subset of Band n77 and is applicable in Canada.	



A formal definition of band subset should be provided.  Restrictions for a band subset could also be specified.  For example, it could be specified that support of a band subset is allowed only if the parent band is also supported.  Furthermore, it could be specified that the requirements for the subset follow those of the parent band.  For example, UE out-of-band blocking limits could be specified according to the FDL_low and FDL_high of the parent band recognizing the UE filter will be designed to support the parent band rather than the band subset.  Carrier aggregation would also need to be reconsidered since inter-band carrier aggregation between the subset bands should be regarded as intra-band.  The notes in the above table for applicable country might be omitted since they are not expected to be included in a test case and could become difficult to manage if many countries are to be included.
[bookmark: _Toc112924168]7	Conclusions and recommendations
During the course of this study item, using Band n77 for US and Canada as an example, root causes were identified to necessitate a 3GPP solution to differentiate UE’s supporting one or more regional subsets within a larger global band.  Expected behavior of UE’s certified for only one or multiple regional subsets of the band in their home country when roaming to other countries was also clarified.  The case of an inbound roaming UE not certified for additional regional requirements in a subset of the band is bound by each country’s laws on whether it is allowed to operate within the country.
With the root causes identified, two solutions were then considered.  The first solution is to define a new band or a new band number to be able to distinguish the UE capability as well as a means of access control by the network.  Considerations to simplify specifications and signalling of the new band number by leveraging those of the larger band.  A second solution is to reuse the existing larger band and band number, but to introduce new signalling in the form or band subsets to more closely couple the subset to the original superset band. 
The key difference between defining a new band or band number compared to an approach of reusing the existing global band or band number is the need to introduce new signalling.  In general, it is discouraged to introduce new signalling unless there is a demonstrated need.  Moreover, since the problem of band subsets may not be rare, but is also not expected to be very commonplace, the introduction of new signalling is probably not justified.  In that sense, the solutions with a new band (number) are preferable so long as the issues identified previously are addressed.  These include
· The new band number is formally identified as a subset of an existing larger band,
· The UE is required to fully support the existing larger band as a prerequisite to supporting the new subset,
· Band combinations defined for the larger band automatically apply to the subset without the need for further specification work unless exceptions are identified,
· Band combinations signaled by the UE for the larger band implicitly apply to the subset without additional signaling needed,
· UE out-of-band blocking for the subset refers to FDL_low and FDL_high of the larger band since it is not expected that the UE will implement a sub-band filter for the subset band.
It is also noted that the definition of a subset new band number is only needed if a regulator enables a second or later subset within the larger band at a later time than the first subset was first enabled.  One of the aspects of root cause identified in [2] was 
The regional regulator subsequently allocates other portions/subsets of the band [and/or regulations change within the existing sub-bands]. 

Hence, the new band number is not needed until subsequent portions/subsets of the band are made available by the regulator.  All other conditions identified in the root cause should also be met before a new band number is requested.
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