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1	Introduction
The Rel-18 RAN study item RP-221872 was approved in RAN#96 based on conclusions from RAN#95e and the earlier discussion on band n77 usage in USA and Canada. In RAN#97e, the TR38.893 was updated with the background and root cause analysis, but the text on solutions was still left out for further studies, with two main solution directions being discussed: 1) Using new frequency bands or band numbers, and 2) using additional UE capabilities and/or NS-values to identify the UE support for extended parts of a band. In RAN#98e, the solutions were discussed and TPs in RP-223547 and RP-223377 were eventually not pursued due to last-minute disagreements on the direction. 
In this contribution, we discuss how utilize the new band numbering approach, which has been one of the main options in the SI.
2	Solutions for regionally defined subsets of NR bands
2.1	Existing solution for band n77
The original issue arose with band n77 (3300 - 4200 MHz), which was defined as globally available band but the usage of n77 in USA was restricted to a sub-band of 3700-3980MHz. This was denoted in the specification via the following NOTE 12 in TS38.101-1: 
NOTE 12: In the USA this band is restricted to 3700 – 3980 MHz
This means that UEs in USA were restricted to camp on a cell of 3700 – 3980 MHz (let’s call that sub-band A for now). Later, an additional sub-block of 3450 – 3550 MHz (which we will call as sub-band B) was allowed for n77 in USA, and the problem was raised in 3GPP on how to control that only those UEs supporting the new allocation could camp on the cells (i.e. avoid legacy UEs from camping on the cells on the new sub-band). This was eventually resolved in 3GPP by introducing a combination of two aspects:
1) For UEs in RRC_IDLE, introducing NS_55 (for single carrier) and CA_NC_NS_55/CA_NS_55 (for CA) 
2) For UEs in RRC_CONNECTED, introducing a new UE capability of extendedBand-n77-r16 to indicate that a new UE supports both sub-band A and sub-band B in USA.
Figure 1 below shows the new NS-value usage in single carrier and CA cases. 
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Figure 1. Illustration of usage of NS-55 and CA_NS-55

For UEs in RRC_CONNECTED, the UE capability extendedBand-n77-r16 can be used to determine whether UE can do handover to the sub/band B or not, but additional complications arose due to RAN2 requirements to use same NS-value for all cells involved in UL CA. These were eventually resolved by allowing exception to the general rule for this case, but cause some extra complications, especially as the same process was repeated for band n77 in Canada but with different sub-bands.
Observation 1: The solution for the band n77 required lot of additional time to specify capability signalling, including substantial amount of work in RAN2/RAN4.
For the regional band subset SI, the solution of introducing a new band “numbering” was proposed together with a premise that if a new band numbering within an existing band, e.g., n77, is supported by a UE, it can be considered that the UE can support all the band combinations including n77 in order not to increase the number of band combinations due to a new band, that is why, it is called a new band numbering.
2.2	Explaining new band numbering scheme using band n77
We use the band n77 to illustrate the introduction of the new band numbers of the sub-bands as shown in Figure 2. Here the “nX” part is the original “n77” in the USA (i.e. 3700-3890 MHz), while the “nY” is the newly allocated block for the US (i.e. 3450-3550 MHz). If the new band numbering would be used for this case, “nX” would have been the original USA allocation and “nY” would have been the extended band n77. For the purpose of this discussion, we assign nX = n159   and nY = n160” for convenience (i.e. these are just example numbers).
[image: ]
Figure 2. New band numbering: Discrete sub-bands of band n77
Thus, a legacy UE would only indicate support for band n159 and a new UE would indicate support for both n159 and n160, allowing network to clearly know the bands the UE supports, and resource management (e.g., HO) could be based on just these capabilities without even considering any (new) NS-values. 
Observation 2: New band numbering solution works without additional UE capabilities and the new band numbers automatically follow the existing “parent” band RF requirements.
It is, however, obvious that the matter of intra-band non-contiguous CA have to be considered: Would a UE supporting both n159 and n160 support any combination of those bands as well, within the limits of the CA band combinations? And would the UE indicate all band combinations where the n159 and n160 are involved? This could increase signalling size and cause further ambiguities in how to interpret the UE capability support. In addition, CA_n159-n160 is not intra-band non-contiguous UL CA but (in RAN4 terms) an inter-band CA, even if the n159 and n160 the performance requirements would follow CA_n77(2A), strictly speaking the network cannot handle CA_nX-nY exactly as CA_n77(2A). Hence, the introduction of a new band numbering based on the existing band definition doesn’t fit to this solution.

Observation 3: Using new band numbering solution so that each sub-band only contains its own allocation may have some issues.
However, if the new “sub-band” allocation consists of the entire frequency band allocation that is supported at the time the new sub-band is created, this problem goes away. The sub-bands would then be defined as follows:
-	Backward-inclusivity: A sub-band always contains all previously defined sub-band(s) in the same band, which means the previous sub-bands are confined within the latest sub-band even if the sub-bands are not contiguous.
-	Ordering: Since UE camping on a cell always chooses the first band it supports (among those that are broadcast by the cell), network should set the order of the sub-bands listed in SIB1 frequencyBandList in reverse chronological order to allows UEs only supporting newer versions to always choose the largest sub-band first.
The above will resolve all the complexity due to the introduction of new band numbering:  UEs will always support the largest sub-band allocation available at the time of certification, and network signals which sub-bands are allowed for camping on a cell so that UEs only supporting older sub-bands only camp on the cell if it indicates the older sub-band numbers. This is also illustrated for the band n77 example by below Figure 3, using the same band numbering as above for the existing sub-bands of n77.
[image: ]
Figure 3. New band numbering: Inclusive sub-bands of band n77 
This resolves the CA issues since the n160 now contains the entirety of n159, so any combination of n159 and n160 automatically belongs to the n160, and thus the requirements are according to intra-band (non-contiguous) CA, defaulting to corresponding band n77 intra-band (non-contiguous) CA requirements.
Observation 4: Having the latest sub-band to always include all the previous sub-bands resolves RAN4 specification ambiguities for intra-band CA cases.
The only new thing here is that a sub-band could now contain frequencies that are not necessarily contiguous. There is no need to define in a way that FDD band is one UL block paired with one DL block or TDD band is one UL/DL block, but rather it must be allowed to define a band with multiple frequency blocks to reduce the complexity.  
From RAN2 viewpoint, we would note that the network can handle each of the UEs as normal CA UE and no special care is required like the original solution since the existing specification already indicates that UE shall select the first available frequency band in the list as shown below (from TS38.331 v.17.2.0, clause 5.2.2.4.2):

	2>	if the UE supports one or more of the frequency bands indicated in the frequencyBandList for downlink for TDD, or one or more of the frequency bands indicated in the frequencyBandList for uplink for FDD, and they are not downlink only bands, and
2>	if the UE is IAB-MT or supports at least one additionalSpectrumEmission in the NR-NS-PmaxList for a supported band in the downlink for TDD, or a supported band in uplink for FDD, and
2>	if the UE supports an uplink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in uplinkConfigCommon for the SCS of the initial uplink BWP or, for RedCap UE, of the RedCap-specific initial uplink BWP if configured), and which
-	is wider than or equal to the bandwidth of the initial uplink BWP or, for RedCap UE, of the RedCap-specific initial uplink BWP if configured, and
2>	if the UE supports a downlink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in downlinkConfigCommon for the SCS of the initial downlink BWP or, for RedCap UE, of the RedCap-specific initial downlink BWP if configured), and which
-	is wider than or equal to the bandwidth of the initial downlink BWP or, for RedCap UE, of the RedCap-specific initial downlink BWP if configured, and
[bookmark: _Hlk55890539]2>	if frequencyShift7p5khz is present and the UE supports corresponding 7.5kHz frequency shift on this band; or frequencyShift7p5khz is not present:
3>	if neither trackingAreaCode nor trackingAreaList is provided for the selected PLMN nor the registered PLMN nor PLMN of the equivalent PLMN list:
4>	consider the cell as barred in accordance with TS 38.304 [20];
4>	perform cell re-selection to other cells on the same frequency as the barred cell as specified in TS 38.304 [20];
3>	else if UE is IAB-MT and if iab-Support is not provided for the selected PLMN nor the registered PLMN nor PLMN of the equivalent PLMN list nor the selected SNPN nor the registered SNPN:
4>	consider the cell as barred for IAB-MT in accordance with TS 38.304 [20];
3>	else:
4>	apply a supported uplink channel bandwidth with a maximum transmission bandwidth which
-	is contained within the carrierBandwidth indicated in uplinkConfigCommon for the SCS of the initial uplink BWP or, for RedCap UEs, RedCap-specific initial uplink BWP, if configured, and which
-	is wider than or equal to the bandwidth of the initial BWP for the uplink or, for a RedCap UE, of the RedCap-specific initial uplink BWP if configured;
4>	apply a supported downlink channel bandwidth with a maximum transmission bandwidth which
- is contained within the carrierBandwidth indicated in downlinkConfigCommon for the SCS of the initial downlink BWP or, for RedCap UEs, RedCap-specific initial downlink BWP, if configured, and which
- is wider than or equal to the bandwidth of the initial BWP for the downlink or, for a RedCap UE, of the RedCap-specific initial downlink BWP if configured;
4>	select the first frequency band in the frequencyBandList, for FDD from frequencyBandList for uplink, or for TDD from frequencyBandList for downlink, which the UE supports and for which the UE supports at least one of the additionalSpectrumEmission values in nr-NS-PmaxList, if present;




Hence, no new UE implementation is required and legacy UEs can still camp on the cell if the network desires so. 
Observation 5: The “inclusive” definition of sub-bands doesn’t require any additional UE implementation in terms of signalling specifications if the network ensures correct order for the broadcast information of supported frequency bands in a cell. 
Proposal 1: Using new band numbering so that each new sub-band includes the previous sub-bands should be the default solution for resolving the regional sub-bands.
3	Conclusion
This document has made the following observations:
Observation 1: The solution for the band n77 required lot of additional time to specify capability signalling, including substantial amount of work in RAN2/RAN4.
Observation 2: New band numbering solution works without additional UE capabilities and the new band numbers automatically follow the existing “parent” band RF requirements.
Observation 3: Using new band numbering solution so that each sub-band only contains its own allocation may have some issues.
Observation 4: Having the latest sub-band to always include all the previous sub-bands resolves RAN4 specification ambiguities for intra-band CA cases.
Observation 5: The “inclusive” definition of sub-bands doesn’t require any additional UE implementation in terms of signalling specifications if the network ensures correct order for the broadcast information of supported frequency bands in a cell. 
Observation 5: The “inclusive” definition of sub-bands doesn’t require any additional UE implementation in terms of signalling specifications if the network ensures correct order for the broadcast information of supported frequency bands in a cell. 
And proposed the following:
Proposal 1: Using new band numbering so that each new sub-band includes the previous sub-bands should be the default solution for resolving the regional sub-bands.
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