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Introduction
In RAN#96 meeting, one new SID [1] was established to study the UE supporting of regionally-defined subsets of an NR band. And the main objectives are listed as 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.

According to the work plan, the root cause of issues associated with regional frequency allocations, using U.S. and Canadian treatment of n77 as examples, were widely discussed and investigated in RAN#97 meeting. And the outcomes in last RAN plenary meeting have been recorded into the TR 38.893 v0.1.0 [2].

In this meeting, it’s time to discuss the potential solutions for companies. In this paper, we compared the solutions which have already been proposed since this issue was discussed in RAN4 meetings. In addition, we proposed two new solutions to further balance the pros and cons of original two solutions.

Discussion on the potential solutions
In general, the general solutions that we discussed in this Rel-18 SI are only available to UEs which are targeted to Rel-18/Rel-18+, especially for the solutions with new IE introduction. New band number approach can be release independent without RAN2’s impacts. For the issues that the legacy UEs (Rel-15/Rel-16) would repeatedly attempt to re-connect to the cell after receiving an RRCReject, the solutions in Rel-16/Rel-17 for USA and Canada considering new NS values have addressed them.
Observation 1: In general, the general solutions that we discussed in this Rel-18 SI are only available to UEs which are targeted to Rel-18/Rel-18+, especially for the solutions with new IE introduction. New band number approach can be release independent without RAN2’s impacts.
Solution 1: New band number approach
New band number approach was proposed when this issue was discussed initially. One company compared this new band number approach with the approach of (new signalling + new capability) referred to the contribution [3]. This approach can reuse current standard framework without any impacts on RAN2. What we should specify is to define a new band number. From standard perspective, the new band number approach can work to address this issue without any doubt.
However, the disadvantages of this new band number approach were raised in company’s contribution [4] in last RAN plenary meeting. The main concerns are related to the carrier aggregation configurations between new bands and parent band. Logically, this kind of CA band combination is inter-band CA, but it should follow intra-band CA requirements given the same Tx/Rx chain and n77 band filter are shared from implementation’s perspective. In addition, some clarifications should be highlighted in the specification, such as: “it should also be mandated by the new band can only be supported if the parent band is also supported.” It can be observed that many clarifications and adjustments would be made to enable both new subset band and parent band. Finally, 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 UE support. Companies can further trade off whether the new band number approach would lead to the similar situation of band n90 from UE supports’ point of views.
Observation 2: From standard perspective, the new band number approach can work to address this issue without any doubt. On the other hand, new band number approach may face the difficulties that UE widely support this new band number due to the misunderstanding and misinterpretation.

Solution 2: the approach of new signalling IE + new capability
The specific solution which includes new signalling IE + new capability has already been illustrated in the contribution [4]. 
	1) The new capability is used to indicate the band subsets, which is similar to the existing capabilities extendedBand-n77-r16 and extendedBand-n77-2-r17. Besides, subset bit indicator or specific indication of frequency range. However, whether or how to design a general capability can be up to RAN2. One point that we should be careful is not to extend the use/scope of this general capability once TSG/WG agree to specify this general capability for band subsets. This general capability is only valid under the condition that it is reported by UE in the specific band and specific region. Otherwise, network will ignore this general capability once the condition with specific band and region can’t be met.
Observation 3: This general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region once TSG/WG agree to specify such general capability.
	2) The new SIB IE was proposed by companies to indicate to the UE to need for certification that applies for a subset of the band, in order to address the issue that UE would repeatedly attempt to re-connect to the cell after receiving an RRCReject.
The pro for this solution is to reuse the same band number of the parent band. Operators don’t need to worry about the supports of UE for the subsets of band. For intra-band CA, all the RF requirements are clear enough for UE to support this kind of feature under this scenario. 
However, based on the discussion in last RAN plenary, the introduction of new SIB IE + new capability is same to new band number definition but increasing additional definition of SIB IE and new capability. That leads to the works both in RAN2 and RAN4 each time. Comparing to new band number approach, the approach of new signalling IE + new capability can’t be release independent and has additional RAN2’s impacts.
Observation 4: The pro for this solution is to reuse the same band number of the parent band. However, the introduction of new SIB IE + new capability is same to new band number definition but increasing additional definition of SIB IE and new capability in RAN2’s spec. That leads to the works both in RAN2 and RAN4 each time. Comparing to new band number approach, the approach of new signalling IE + new capability can’t be release independent and has additional RAN2’s impacts.
Solution 3: the approach of UE implementation for accessing to cell + new capability
In last meeting, TSG has clarified and agreed a very important principle which was specified in TR 38.893 v0.1.0 [2] as below.
	In some countries it is neither the operator nor the base station that takes responsibility for the UE meeting regulations.


Since network can’t know whether UE has been certified in the specific country in specific partial frequency range no matter whether UE report the capability for subsets of band, e.g. extendedBand-n77-r16 or extendedBand-n77-2-r17 or future new capabilities, it’s natural that neither the operator nor the base station can take responsibility for the UE meeting regional regulations. 
In addition, in SIB1, network has broadcast the enough information to UE, such as MCC code and initial BWP information (frequency range and frequency location). Before UE starts to trigger a random access (transmit UL signals), UE can make a good judgement on whether it can meet the regional regulation or not.
Because only UE know whether it has been certified based on the regional regulation and whether it’s legal or illegal to access to one specific frequency range in this specific region, from 3GPP perspective, it can be up to UE implementation to choose whether to trigger a random access after receiving enough SIB1 information.
Once UE access to this cell, network can check UE capabilities which are used to indicate the subsets of band. When the carrier frequency that UE access to is same to what UE indicate, there is no issue. When the carrier frequency that UE access to is different from what UE indicate by using the capabilities, it can also be up to network implementation to do the following behaviour.
		1) To ignore the UE capability and schedule UE in current cell or in current cell with restriction of initial BWP frequency range.
		2) To do cell switching by considering UE capability indication.
		3) To reject the UE accessing to this cell.
Since the network implementations above can work well and network don’t need to take responsibility for the UE meeting regulations, there is no need to design any new SIB IE or NS values to bar UE accessing one cell.
Observation 5: Before UE starts to trigger a random access (transmit UL signals), UE can make a good judgement on whether it can meet the regional regulation or not based on the information of SIB1.
Proposal 1: Since the network implementations above can work well and network don’t need to take responsibility for the UE meeting regulations, there is no need to design any new SIB IE or NS values to bar UE accessing one cell.
For general UE capabilities which are used to indicate the subset of band, the solution 3 can be same as solution 2 considering the same applicability.
Proposal 2: For general UE capability which is used to indicate the subset of band, the solution 3 can be same as solution 2 considering the same applicability. The applicability is that this general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region.
Solution 4: the approach of UE behaviour standardization + new capability
For UE implementation approach, it seems not very active and constructive from 3GPP perspective, even if this UE implementation approach can still work. One issue that we discussed in last RAN plenary meeting is what the UE behaviours in USA or other regions are. In TR 38.893 v0.1.0 [2], we have the following common understanding. The highlighted parts are related to UE behaviours.
	In the USA UE vendors can only allow their devices to operate in parts of the band where there are FCC regulations at the time of device certification. 
UE vendors may choose to pursue certification for some countries but not others. In view of the regional regulatory differences described above, we recognize that there may be ambiguity with regards to exactly which regulatory requirements are supported in any given UE implementation.   It is important to understand how this ambiguity could affect regulatory compliance when UEs roam in countries in which they are not certified. Two scenarios are identified for clarification for feasibility of roaming:
The first scenario is if a UE is certified to operate only in part of a band (e.g. band n77 cases UE in Canada/US).  In this scenario, the UE is only allowed to operate within the subset of the band for which it is certified in the country where this certification is necessary.  Because the UE in addition to the above regulatory certification is also compliant to 3GPP requirements (e.g., for Band n77), it is required that the UE can support the entire band.  Therefore, this UE when roaming to a country which does not have any regional regulatory requirements shall be able to operate on the entirety of the band.  If this country does have regional requirements, the UE shall abide by them to operate in this country.  
The second scenario is if a UE can support the frequency range of a band based on the 3GPP requirements but not certified for additional regional requirements in a subset of the band in a certain foreign country. This aspect has to be evaluated for each country based on prevailing regulation.  Whether the roaming UE is allowed to operate without certification from the country’s regulator is subject to each country’s laws.



It’s recommend to discuss whether there is a need to standardize these UE behaviours based on the common understanding from 3GPP perspective to comply with the regulation. And we can avoid some UE behaviours’ issues from legacy UE and incorrect UE behaviours, if all the UE behaviours are very clear.
Proposal 3: It’s recommend to discuss whether there is a need to standardize these UE behaviours based on the common understanding from 3GPP perspective to comply with the regulation. And we can avoid some UE behaviours’ issues from legacy UE and incorrect UE behaviours, if all the UE behaviours are very clear.
For solution 1 and 2, it is still unclear which kinds of UE are allowed to access to and/or operate in the cell with new band number (solutions 1) or with new SIB IE/NS value (solution 2). For solution 1 and 2, it is still unclear which kinds of UE are allowed to indicate the new band number (solutions 1) or new UE sub-band capability (solution 2).
Observation 6: For solution 1 and 2, the most important thing is also to standardize UE behaviours considering the regulation compliance.
Based on the discussions and reasons above, the solution 4 was proposed with the following characteristics.
1) To standard UE behaviour for UE whether to access to the specific frequency range in specific region considering the information in SIB1.
2) To design new capability which is same as solution 2 considering the same applicability. The applicability is that this general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region.
Proposal 4: the solution 4 was proposed with the following characteristics.
1) To standard UE behaviour for UE whether to access to the specific frequency range in specific region considering the information in SIB1.
2) To design new capability which is same as solution 2 considering the same applicability. The applicability is that this general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region.
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Observation 1: In general, the general solutions that we discussed in this Rel-18 SI are only available to UEs which are targeted to Rel-18/Rel-18+, especially for the solutions with new IE introduction. New band number approach can be release independent without RAN2’s impacts.
	Solution 1: 
Observation 2: From standard perspective, the new band number approach can work to address this issue without any doubt. On the other hand, new band number approach may face the difficulties that UE widely support this new band number due to the misunderstanding and misinterpretation.



	Solution 2:
Observation 3: This general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region once TSG/WG agree to specify such general capability.
Observation 4: The pro for this solution is to reuse the same band number of the parent band. However, the introduction of new SIB IE + new capability is same to new band number definition but increasing additional definition of SIB IE and new capability in RAN2’s spec. That leads to the works both in RAN2 and RAN4 each time. Comparing to new band number approach, the approach of new signalling IE + new capability can’t be release independent and has additional RAN2’s impacts.



	Solution 3: 
Observation 5: Before UE starts to trigger a random access (transmit UL signals), UE can make a good judgement on whether it can meet the regional regulation or not based on the information of SIB1.
Proposal 1: Since the network implementations above can work well and network don’t need to take responsibility for the UE meeting regulations, there is no need to design any new SIB IE or NS values to bar UE accessing one cell.
Proposal 2: For general UE capability which is used to indicate the subset of band, the solution 3 can be same as solution 2 considering the same applicability. The applicability is that this general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region.



	Solution 4:
Proposal 3: It’s recommend to discuss whether there is a need to standardize these UE behaviours based on the common understanding from 3GPP perspective to comply with the regulation. And we can avoid some UE behaviours’ issues from legacy UE and incorrect UE behaviours, if all the UE behaviours are very clear.
Observation 6: For solution 1 and 2, the most important thing is also to standardize UE behaviours considering the regulation compliance.
Proposal 4: the solution 4 was proposed with the following characteristics.
1) To standard UE behaviour for UE whether to access to the specific frequency range in specific region considering the information in SIB1.
2) To design new capability which is same as solution 2 considering the same applicability. The applicability is that this general capability which is used to indicate the subsets of a band is only valid under the condition that it is reported by UE in the specific band and specific region.
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