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1. Introduction

The behavior of a UE receiving an NS from the network for which it does not comprehend has been discussed previously.  At the time, it was understood that the UE behavior under such a circumstance is indeterminate since the specifications do not mandate any specific behavior.  Therefore, it was decided that if a new NS is required for a band that has already been completed in 3GPP, that a new band should be defined rather than adding the new NS to the existing band.  Since then, exceptions (for example in Band 28, Band 42, and Band 43)  have been allowed where a new NS is defined for an existing band when it was agreed that the number of devices already developed or in the process of being developed is limited.  Similarly, there has been a proposal to add new bandwidths to an existing NS.  In this contribution, we discuss the possibility to resolve this issue by defining the expected behavior of a UE upon receiving an unknown NS.
2. Discussion

As discussed previously, if an NS is defined for a band in the specifications after that band has already been completed, it is possible that a UE designed to the original definition of the band will not be able to comprehend this new NS.  The same situation exists if an existing NS is modified to apply to new bandwidths.  When such a UE receives the NS from the system information broadcast message, the UE may do one of the following

1. Do not connect to the cell.  Consider itself barred.

2. Ignore (unintentionally) the NS, connect to the cell, and transmit without knowledge of restrictions imposed by the NS.

3. Other undefined behavior such as crashing (unintentionally).

Since NS values are signaled by the network to indicate that the UE must comply with additional spurious emission requirements, and since these emission limits are often regulatory in nature, the most conservative behavior is for the UE to not connect to the cell.  Alternatively, if the UE connects and transmits without knowledge of additional spurious emission limits, it may inadvertently exceed regulatory requirements.  However, barring the UE from the cell while most conservative, may be restrictive.  Indeed, such a UE could not connect to this cell at all, and therefore must fall back to other modes of communications; i.e., 3G, 2G, or find a different band, if available.  If such fall back is not available the UE will simply be out-of-service.
Other approaches are therefore considered with the objective to enable the possibility for the UE to establish a connection with the cell while at the same time meeting the additional spurious emission requirements imposed by the NS.  We consider three options.

Option 1. UE should consider the cell barred.  This is the most conservative option to ensure that the UE does not inadvertently violate spectrum emissions.

Option 2.  Create a signaling mechanism whereby the UE informs the network that is does not comprehend the NS value.  The network then decides whether or not to allow the UE to camp on the cell.

Option 3.  Modify the SIB so that the network can broadcast multiple allowed NS values (including possibly NS_01) on the cell, including a preference or prioritization.  The UE can then connect if it recognizes any of these NS values, or consider the cell barred if it does not.
Option 1 is clear.  For option 2, the idea is that instead of disconnecting from the cell or considering itself barred from the cell, that a signaling provision is created in RAN2 to enable the UE to signal in its RRC capability messaging to the eNB that it cannot support the NS as broadcast in the SIB.  Armed with this information, the network can then take the appropriate action.  Possible actions include disallowing the UE to camp on the cell, allowing the UE on the cell, but employing scheduling restrictions so that compulsory spurious emissions are met, or redirecting the UE to another cell on another band or another RAT.  In the first case, the outcome is no different from the case of simply having the UE consider itself barred; thus, nothing is gained from the capability signaling.  However, if the network is able to implement the second, third, or some other option other than barring the UE, then there is the possibility that the UE can still provide service.  One disadvantage with this option is that it may not be possible to determine the appropriate scheduling restrictions for some cases.  Scheduling restrictions should be defined in RAN4 (examples in [1] and [2]).  Scheduling restrictions may not be effective in all cases, but for those cases where they can be, this option could be beneficial to provide limited service to legacy UE's rather than forcing them to another band or RAT.  Another potentially more serious disadvantage with option 2 is that the UE would not know if it can camp on the cell until after it has already initiated the connection process possibly leading the unexpected service denial.

For option 3, the SIB is changed so that it can signal multiple "allowed" NS values, including possible NS_01.  Similar proposals have been presented [3],[4].  The network should then accept UE operation of any NS among those listed and the UE should signal back to the network which NS it is operating under.  The motivation is that the eNB could signal multiple NS values in the SIB to allow connection by current devices capable of understanding the latest NS as well as legacy devices capable of only understanding what was originally defined for the band.  For those legacy devices, the network could then apply scheduling restrictions to contain UE emissions.  

Both options 2 and 3 allow for the possibility of legacy UE's to obtain service in the network.  These are both predicated on the fact that the eNB is aware that the UE is legacy and that the eNB has scheduling options available to ensure that the legacy UE can comply with emissions.  However, the disadvantage of these options aside from the additional complexity, is the uncertainty that the UE will actually comply with emission requirements.  There is no actual indication to the UE that it has additional spurious emission requirements to be met.  Since these emission requirements are often regulatory, and therefore the UE must not be allowed to violate them, uncertainty should be eliminated or minimized.  One source of uncertainty arises from the necessary scheduling restrictions to ensure that the UE complies with emission limits.  At a minimum, these scheduling restrictions should be defined and included in 36.101, though it may not always be possible to define such restrictions.  Another potential concern is that scheduling restrictions are only applied after initial connection establishment, leaving the RACH process susceptible to emissions violations.

Given the above, the option 1 seems to be the best alternative.  Although it is the most restrictive,the emission requirements are often regulatory and for that reason, it may be questionable for the network to allow a UE that does not comprehend the NS.  Specifying that the legacy UE that cannot comprehend the NS should consider itself barred is the safest approach.  Along those same lines, if the NS is modified in such a way as to add applicability to new bandwidths or to change the emission limits, it is also recommended that such a change be implemented as a new NS for the band. If the change is only to the A-MPR table associated with the NS, then the method of A-MPR version signaling can be used since this does not change or introduce an actual emission limit.
3. Conclusion
In this contribution, we discuss the ability to introduce a new NS value to an existing band and a solution for UE's not capable of comprehending this new NS value.  We provide three options for consideration.  Since the emission requirements associated with the NS are typically regulatory requirements, it is recommended to take the safest option of mandating that a UE that does not comprehend the NS should consider itself barred.   Furthermore, any changes to an NS such as adding a new bandwidth should be implemented as a new NS for the band.
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