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1	Introduction 
During the RAN#95 meeting an issue of so-called phased introduction of frequency ranges was raised and discussed. And as further discussed in [1-3], this issue comes from the fact that while 3GPP tends to define, when possible, large bands covering large contiguous chunk of spectrum, it is not necessarily the case that all countries or geographical areas will have the same allocation. Some countries or regions might have only a sub-range within an NR band, and the UEs will support this sub-range and will be tested for it. However, if a particular country/region extends further available frequencies within the same band – effectively resulting in phased introduction of frequency (sub-)ranges within the same NR band – there will be two types of UEs supporting only the initial set of frequency sub-ranges and supporting an extended set of frequencies. 
While 3GPP resolved this issue for US and Canada, several companies expressed the preference to have a common solution or framework for similar cases. As a result, RAN#96 agreed a new RAN SI [5], which aims at studying further general solutions for this problem. In this discussion paper we present further technical input on potential solutions.
2	Regionally-defined subsets of an NR band 
2.1	High-level overview of potential solutions
With the introduction of new and wider NR bands, there is a potential issue that in some countries only part of the band has regulations at a given time. Furthermore, regulators will certify devices allowing them to operate only in the corresponding part of the band that has regulatory rules. For instance, band n77 was initially restricted to 3700-3980MHz in the USA, but a new frequency block of 3450-3550MHz was released later by FCC. In fact, there is a similar situation in Canada, where regulators initially opened the 3450-3650MHz range and now 3650-3980MHz is planned for auction.
During the RAN#95 discussions several potential solutions were identified [4], which are listed below for the sake of further clarity and are grouped into several "clusters" as also illustrated in Figure 2-1:
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Figure 2-1: High-level summary of potential solutions


I.	One approach is to consider a new NR band number every time an issue with the regionally defined frequency range subset arises. 
II.	Another approach is to avoid introduction of new NR bands, whereupon the following options are possible:
a.	No signalling changes, e.g. only additional clarifications through Notes in the 3GPP specifications.
b.	Signalling changes:
1.	New NS flag with UE capabilities.
2.	ModifiedMPR-Behavior 
3.	New country specific numbers for sub-bands.
4.	New per-band bitmap to indicate which frequency ranges of the band where the UE is certified to operate in the country.
Generally speaking, all solutions can be classified into two big domains: whether we introduce a new NR band number or not. Introducing a new NR band number is a well-known solution for RAN WG4, but it has certain disadvantages. If we strive for re-using existing NR band numbers, then this approach can be classified further into two groups: no signalling changes (e.g. only some form of NOTEs), or with signalling changes whereupon one can contemplate further which signalling changes are introduced.  
Section 2.2 below provides text proposal for TR 38.893, in which we elaborate on the technical aspects of each approach with associated pros and cons. 
2.2	Text proposal for potential solutions
-------------------- TEXT PROPOSAL (BEGIN) --------------------
[bookmark: _Toc112860451]5	Possible solutions
5.1	Solution I (new NR band number)
Introducing a new NR band number is a well-known technique for RAN WG4, which has been used to differentiate between different (sub-)bands or portions thereof already in 3G WCDMA specifications. However, already that time it became evident that adding a new band number only complicated specifications, so starting from 4G LTE specifications there has been a common trend to "aggregate", if possible, overlapping bands into bigger clusters and differentiate if needed between them through the corresponding NS values. 
It is also worth noting that approach of introducing a new NR band number works well for the case when there is a band A and there is a new band B, which fully or partially overlaps with A adding more spectrum resources. In this case legacy devices will support band A, while new devices will of course support A (if it is still broadcast by the network) and will also support band B as a larger band. However, adding a new NR band number does not work well for a case when there is a band A, but later a new band B is added, which is smaller than A and is contained within band A spectrum range. In this case legacy devices supporting band A, but not knowing anything about B, still can try to camp on that spectrum range (unless of course the network stops broadcasting band A support for that range). Specification wise this scenario does not look good either. There is one example with band n77 and band n48, whereupon band n77 definition just has a NOTE indicating that band n77 shall not be used to support the frequency range covered by band n48.  
In addition to the considerations presented above, defining a new band number always adds complexity to the UE, since a new band number requires developing a new band in SW and HW resulting in development and testing efforts to ensure that all RF parameters for the new band are met. Furthermore, adding a new NR band number triggers introduction of new band combinations needed for the new band duplicated from the old band, which will add hundreds, if not thousands, of new band combinations to the specification, which also need to be supported and tested in the UE. 
5.2	Solution II.a (reuse NR band number, no signalling)
One way to handle regionally-defined sub-bands is to add the corresponding notes and clarifications, similar to the way it was done for band n77 in US. The main principle is that a special NOTE is added to a particular band indicating that only portion of it can be used for a particular region/country with other restrictions if needed. 
While this approach works as a one-time modification, but it becomes too cumbersome when later yet another sub-band is added for the same country/region, as in fact it happened for the DOD-band in US. The biggest problem in this case is how to differentiate between UEs supporting different sub-bands, which can be even added in different releases. And the specification wise it might become somewhat unclear how to interpret these NOTEs because band definitions are release-independent, whereas NOTEs are added in different releases causing potential misinterpretations on potential restrictions as perceived by the UE implementing a particular version of the specification.  
Another limitation of this solution is that the network only knows which "large" NR band a UE supports, but it does not know anything about supported sub-bands, which can cause later issues with re-direction and handover procedures. 
5.3	Solution II.b (reuse NR band number, new signalling)
With this solution, the existing NR band is also re-used, but there is also an explicit signalling – either from the UE to the network, or from the network to the UE, or both – providing further information to the communicating entities on which sub-bands are supported. Hence for the sake of clarity we will focus separately on potential options for signalling for both communication sides.
The premise idea for introduction of signalling from the network to the UE is to prevent legacy UEs from camping on particular sub-bands, which could be added in later releases. The easiest way to accomplish this is to have new NS flag(s) associated with the corresponding band. Thus, with this approach the network broadcasting new NS flag(s) can be always sure that a legacy UE will not camp on a particular sub-band. And it does not matter how many sub-bands are added and in which release – as long as every sub-band is associated with a particular NS flag, the network can always control which UEs can camp on them.
As for the UE to the network signalling, one of the main reasons to have it is to provide the network with additional information on which sub-bands a UE supports so that the network can decide later which sub-bands can be used in the re-direction and handover procedures. Fundamentally, this is just information on supported sub-bands, but it can be implemented in several different ways:
-	Explicit UE capability. As follows from its name, the UE capability is implemented as an explicit IE in the UE capability container, whereupon it can be as simple as one bit or something more versatile as a bitmap container. The only downside of this approach is that since such a generic UE capability does not exist, RAN WG4 will need to contact RAN WG2 every time such a capability is needed (as it already happened with the DOD-band). Thus, a generic approach would be preferred when RAN WG2 introduces a generic capability (or a bitmap), which can be signalled for every band indicating further which sub-bands are supported. And for the sake of simplicity the content of this capability/bitmap should be defined by RAN WG4 (following the same logic as what we already have for RAN WG4). 
-	Implicit UE capability (via e.g. modifiedMPR-Behaviour field bitmap). This approach is identical to the previous one with the only difference is that the existing IE modifiedMPR-Behaviour can be leveraged for this purpose.  The matter is that modifiedMPR-Behaviour can already be signalled for every band not requiring any RAN WG2 changes. And since it is up to RAN WG4 to define purpose and meaning of every value of that field, RAN WG4 can use this IE to indicate supported sub-bands.
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3	Conclusions
In this discussion paper we presented …
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