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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 last meeting (RAN#98e meeting), the potential solutions were widely and extensively discussed by interested companies. It seems that new band number approach were supported by most of companies, although some disadvantages and concerns were raised, e.g. relationship between new bands and parent band, inter-band VS intra-band clarification, precluding the possibility to test some MSD exceptions and concerns on exhaustion of the range of band numbers. In this paper, we’d like to propose some optimizations of new band number approach considering UE behaviour and UE capability.


Discussion on the optimizations of new band number approach
According to the discussion in RAN#98e meeting, most of companies are positive about the new band number approach. And the relationship between parent band and new sub-band number is shown below.

[image: ]
Figure 1 The relationship between Parent band and new band numbers for new band number approach

During the discussion, the relationship between Parent band and new band numbers was clarified as below. The new band number would reference the parent band for RF requirements and Dedicated sub-band hardware for the UE such as RF filters is not assumed to be utilized for the new band number.

[bookmark: _Hlk121995655]“For this technique, the new band number would reference the parent band for RF requirements. Dedicated sub-band hardware for the UE such as RF filters is not assumed to be utilized for the new band number. In addition, the new band number should be a collection of a new sub-band and previously introduced sub-band(s) (chronologically) to avoid having inter-band CA within the parent band. To avoid market fragmentation and to support roaming, it should be mandated that the new band number can only be supported by a UE which also supports the associated parent band. If a UE including roaming UE is not certified to operate in new band number based on regional regulatory certification, the UE shall not advertise the new band number in its capabilities nor shall it attempt to connect to a cell broadcasting this new band number.”

Additionally, it’s highlighted that some clarifications were introduced by companies that “the new band number should be a collection of a new sub-band and previously introduced sub-band(s) (chronologically) to avoid having inter-band CA within the parent band.” However, in current TS 38.101-1, only a continuous UL or DL frequency range was allocated to the specified operating band. It’s very hard for RAN4 to specify some discrete UL or DL frequency range for a band which may cause some ambiguities and confusion.

Observation 1: It’s very hard for RAN4 to specify some discrete UL or DL frequency ranges for a band which may cause some ambiguities and confusion.

[bookmark: _GoBack]In order to address this issue and avoid specifying a lot of new band number, it’s proposed to further optimize the new band number approach by considering the following combined characteristics.

1. One new band number can be specified for a specific region, which covers the same frequency range of parent band.
2. New UE capability can be designed to indicate the sub-band which has been certified or supported by UE in new band number.
3. To standardize UE behaviour for UE whether to access to the specific sub-band frequency range in specific region considering the information in SIB1 (e.g. MCC, initial BWP information including frequency range and frequency location). The UE behaviour for initial access must be aligned with new sub-band UE capability which is reported by UE.
4. No need to specify new network signalling to bar UE since the misalignment between UE behaviour for initial access and sub-band capability reported by UE has been addressed by standardizing UE behaviour.
And the relationship between Parent band and new band numbers for optimized new band number approach was depicted as below
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Figure 2 the relationship between Parent band and new band numbers for optimized new band number approach
For new UE capability, the UE capability is implemented as an explicit capability in the UE capability container, whereupon it can be as simple as one/more bit(s) or something more versatile as a bitmap container.

For standardizing UE behaviour, SIB1 broadcast by network includes the enough information for UE, such as MCC code and initial BWP information (frequency range and frequency location), so that UE can make a good judgement on whether accessing the corresponding initial BWP can be aligned with the reported UE sub-band capability. In addition to this, since it’s agreed that it is neither the operator nor the base station that takes responsibility for the UE meeting regulations, it’s better to standardize the UE behaviour to make sure that the UE behaviour for initial access must be aligned with the reported UE sub-band capability.

Since we can clearly standardize the UE behaviour for this scenario, there is no need to specify new network signalling to bar UE.

This optimized new band number approach has the following advantages:
1) This optimized new band number approach can avoid specifying a lot of new band numbers which should be a collection of a new sub-band and previously introduced sub-band(s) (chronologically).
2) It can help UE implement intra-band CA in new band number easily instead of implementing inter-band CA among new sub-band numbers and parent band. 
3) The relationship between new band number and parent band is simple enough that there is no need to clarify the assumption of implemented filters as they have the same frequency range.
4) RAN4 can avoid to specify some new band numbers with the discrete UL or DL frequency range which may cause some ambiguities and confusions.
5) UE behaviour for initial access is clear enough in the new band number that there no need to specify new network signalling to bar UE.

Proposal 1: to further optimize the new band number approach by considering the following combined characteristics.
1. One new band number can be specified for a specific region, which covers the same frequency range of parent band.
2. New UE capability can be designed to indicate the sub-band which has been certified or supported by UE in new band number.
3. To standardize UE behaviour for UE whether to access to the specific sub-band frequency range in specific region considering the information in SIB1 (e.g. MCC, initial BWP information including frequency range and frequency location). The UE behaviour for initial access must be aligned with new sub-band UE capability which is reported by UE.
4. No need to specify new network signalling to bar UE since the misalignment between UE behaviour for initial access and sub-band capability reported by UE has been addressed by standardizing UE behaviour.
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Observation 1: It’s very hard for RAN4 to specify some discrete UL or DL frequency ranges for a band which may cause some ambiguities and confusion.
Proposal 1: to further optimize the new band number approach by considering the following combined characteristics.
1. One new band number can be specified for a specific region, which covers the same frequency range of parent band.
2. New UE capability can be designed to indicate the sub-band which has been certified or supported by UE in new band number.
3. To standardize UE behaviour for UE whether to access to the specific sub-band frequency range in specific region considering the information in SIB1 (e.g. MCC, initial BWP information including frequency range and frequency location). The UE behaviour for initial access must be aligned with new sub-band UE capability which is reported by UE.
4. No need to specify new network signalling to bar UE since the misalignment between UE behaviour for initial access and sub-band capability reported by UE has been addressed by standardizing UE behaviour.
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