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1 Introduction
RAN4#93 discussed a necessity of signaling to convey all the supported NS values by a UE if a new NS is added to an existing “legacy” band [1]. This contribution further clarifies expected issues without understanding the new NS and provide solutions. Expected issues are very similar to what was discussed during the introduction of MFBI (Multiple Frequency Band Indicator) defined in TS36.331.
2 Discussion
2.1 History
In LTE, there were discussions on a legacy UE behaviour for a band in case the UE receives an NS signal newly introduced into 3GPP requirements after developing the UE based on the requirements before introducing the NS. The UE, of course, cannot understand the NS signal. Thus, clarification of the UE behavior was necessary since a NS signal is related with an emission requirement and if there are UEs that transmit signals even if they do not understand the NS signal, they may violate the regulatory requirement. If there is possibility of the violation, RAN4 needed to have a new band only for this new emission requirement introduction not to violate the regulation. Thus, RAN4 requested RAN2 to clarify the UE behavior in case a UE receives not understandable NS signal. The answer was such that it was out of scope to discuss what happens if not understandable parameters were signaled. In other words, it would be able to interpret that we should use what the legacy UEs can understand. From RAN4 perspective, it is equivalent to the introduction of a new band. In NR, unlike LTE, if a UE receives not understandable NS value, the UE considers the cell as barred. Still, however, there are at least two remaining issues even with that clarification of a UE behavior. In this contribution, we address the remaining issues.
2.2 What the remaining issues are
In the pursuit of discussing remaining issues, we discuss them with specific assumptions as follows.
Assumptions: In a certain NW, two types of UEs exist simultaneously. Both support n258 and n259, however, regarding n258
Type A UE: supports n258 defined in TS38.101-2 (v15.5.0) where NS_200 and NS_201 are specified.

Type B UE: supports n258 defined in TS38.101-2 (v15.7.0) where NS_200, NS_201 and NS_202 are specified.

In addition, under the NW, any UEs shall satisfy regulatory requirements related with NS_202. Note that we do not touch Type B UE behaviour since that UE basically does not cause issues in this NW thanks to the support of NS_202.

 Standalone case: NW aims at accommodating UEs to deal with NS_202, i.e., Type B UEs by broadcasting NS_202
<Initial access to n258>

Type A UEs consider the cell as barred. Thus, at least a regulatory issue is fixed. 

<Handover to n259 to n258>

For Type A UEs, handover from n258 to n258 cell does not happen so that this is not an issue. Some Type A UEs, however, may camp on n259 cell first and the NW may request Type A UEs to measure n258 cell for handover. The procedure, however, causes RRCReconfiguration failure because the NW includes a NS value of NS_202 into “AdditionalSpectrumEmission” in “RRCReconfiguration” command while Type A UEs cannot understand the value. If, however, the NW was able to distinguish the supported NS values by Type B UEs from those by Type A UEs, the NW would not request Type A UEs to conduct a measurement of n258 cell for handover to avoid the situation that the type A UE to violate the regulatory requirement related with the NS_202.
Nonstandalone case: NS_202 is not broadcast since this NW uses EN-DC.
<Initial access to n258>

No issues. There are no initial access via n258 (and of course n259 as well) under EN-DC network.
< PSCell addition/change to n258 in EN-DC mode >

Type A UEs can connect the NW via a LTE band. The NW may configure EN-DC including n258 to Type A UE via the LTE band since the NW cannot distinguish Type B UEs from Type A UEs. Type A UEs, however, cannot understand the contained NS value of NS_202 in“AdditionalSpectrumEmission” in “RRCReconfiguration” command in the process of EN-DC configuration. Thus, the procedure causes RRCReconfiguration failure. Note that if the NW was able to distinguish the supported NS values by Type B UEs from those by Type A UEs, the NW would not configure EN-DC including n258 to Type A UEs.
Observation 1:

If at least two types of UEs whose supported NS values are different for a band exist simultaneously in a NW and the NW cannot distinguish them, Standalone NW will see RRCReconfiguration failure during handover and Nonstandalone NW will see RRCReconfiguration failure during EN-DC configuration.

It is worth noting that very similar issues such that an issue during handover, were expected due to the introduction of MFBI. NW using MFBI, however, can solve the issue caused during handover by correctly conveying the information on being used operating band by a UE to a destined eNB. The solution was possible because any UEs signals all the supported operating bands to eNBs so that eNBs can identify which operating band is being used by a UE in the process of the handover.
2.3 What happens if the issues are not addressed
In case RAN4 identifies necessity of adding a new additional spectrum emission requirement to an existing “legacy” band, the issues elaborated in Section 2.2 occurs so that RAN4 would have to create a new band only for accommodating a new additional spectrum emission requirement. This is a significant burden in our industry. Because increasing the number of bands causes more band combinations and more unnecessary contributions in 3GPP and more time to design UEs and to test them in development. 
Observation 2:

Without solving the issues identified in this paper, RAN4 has to create a new band whenever RAN4 identifies new spectrum emission requirements for the existing bands.

2.4 A way to reflect a solution
A solution itself is simple and that is to convey all the supported NS value(s) for a band by a UE to a NW. There are roughly two ways to reflect the solution into 3GPP specification. One is to reuse one of the exiting capability signallings and the other is newly introduce a new capability signalling.
Here we propose to reuse the existing capability signalling since we can apply the solution from Rel15. One possible parameter is modifiedMPR-Behaviour captured in TS38.306. There are two reasons to select this parameter. One is that this parameter has a high affinity for NS and A-MPR. The other is that nothing particular for this parameter is defined in RAN2 spec but rather RAN2 spec just refers to RAN4 spec. Thus, how to utilize this parameter is completely RAN4 matter and no impact on RAN2 work.
Observation 3:

There is no RAN2 spec impact on broadening the definition of modifiedMPR-Bhaviour.
Proposal: 
Broaden a definition of “modifiedMPR-Behaviour” in RAN4 specifications in a way that a new bit is defined when MPR or A-MPR for the existing NS is modified or a new NS is added to an existing band from Rel15.
3 Conclusion
This contribution addressed to clarify the issues without means to convey supported NS values for a band by a UE to a NW. As a conclusion, we share three observations and propose the following. Companion CRs are also provided in [2-4].
Observation 1:

If at least two types of UEs whose supported NS values are different for a band exist simultaneously in a NW and the NW cannot distinguish them, Standalone NW will see RRCReconfiguration failure during handover and Nonstandalone NW will see RRCReconfiguration failure during EN-DC configuration.

Observation 2:

Without solving the issues, RAN4 has to create a new band whenever RAN4 identifies a new spectrum emission requirement for the existing bands.

Observation 3:

There is no RAN2 spec impact on broadening the definition of modifiedMPR-Bhaviour.
Proposal: 

Broaden a definition of “modifiedMPR-Behaviour” in RAN4 specifications in a way that a new bit is defined when MPR or A-MPR for the existing NS is modified or a new NS is added to an existing band from Rel15.
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