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Introduction
This paper discusses how to use the paging based method for system information update in NR.
[bookmark: _Ref178064866]Discussion
In LTE, UEs are informed about system information changes through an SI change notification on the paging channel. This robust and well-established principle should be used also for NR and this has also been agreed in RAN2.
There also seems to be consensus that when a UE receives a SI change notification on the paging channel, it knows when the change will take effect, i.e. at the next SI modification period boundary or immediately (e.g. for ETWS/CMAS activation).
When SI available on-demand is updated, UEs receiving the SI change notification will need to acquire the updated SI. To relieve the UEs from transmitting requests for the updated SI and to avoid loading the network with such requests, it is beneficial in most scenarios to let the network broadcast the updated SI a number of times without requiring a triggering request. However, in some situations it may be more efficient not to broadcast the updated SI until a request is received. This may be cases where the network from experience knows that requests for the concerned SI is rarely received. As a conclusion, it should be the choice of the network whether to broadcast updated on-demand SI or wait for a request before transmitting it. To find out whether the updated on-demand SI will be broadcast, a UE would have to read SIB1. To relieve the UE from this, it would be beneficial if the network could include a parameter in the SI update notification message indicating whether the updated (on-demand) SI will be broadcast or will require a request. To be really useful, this should be combined with indication(s) of the concerned SIB(s) and its/their associated value tag(s). Otherwise, the UE would anyway have to read SIB1 to check the value tags to find out which the updated SIB(s) is/are. As a further option, the network could indicate for how long, or how many times, the updated SI will be broadcast (cf. our companion contribution R2-1804987).
[bookmark: _Toc506498110]When on-demand SI is updated, it is the choice of the network whether to temporarily broadcast the updated SI without requiring a request or broadcasting it only upon request.
[bookmark: _Toc506498111]To find out whether the updated on-demand SI will be broadcast, a UE would have to read SIB1. However, even if it is mandatory for the network to temporarily broadcast updated on-demand SI, a UE still has to receive SIB1 to find out which SIB(s) that is/are updated and retrieve the updated value tag(s) associated with the updated on-demand SIB(s).
[bookmark: _Hlk506498011]Observation 1	Regardless of whether temporary broadcast of updated on-demand SI is mandatory or optional for the network, a UE receiving the update notification has to read SIB1 to find out which SIB(s) that is/are updated, find out whether the updated SI is broadcast (in case of optional temporary broadcast) and retrieve the updated value tag(s) of the updated on-demand SIB(s).
[bookmark: _Toc506498112]To fully utilize the potential of these optimizations the UE should be relieved from reading SIB1. This could be achieved if the network could indicate in the SI update notification message whether the updated on-demand SI will be temporarily broadcast, which the affected SIB(s) is/are and its/their updated value tag(s). As a further optional optimization, the network could indicate for how long, or how many times, the updated SI will be broadcast (cf. our companion contribution R2-1804987). However, adding this information to the SI update notification message adds to the downlink control signaling overhead, which is costly, especially when the SI update notification is delivered in the form of beam swept paging, and hence the value such additional information provides should be carefully considered.
Observation 2	Further optimizations of the SI update notification mechanism based on including additional information in the SI update notification message are questionable and their potential benefits should carefully be assessed in relation to the control signaling overhead they cause.
Despite the above observation, inclusion of additional information in the SI update notification message may be discussed. There have been several proposals on what the paging message with the SI change notification shall contain. In LTE, the information in the paging message is very limited, essentially only informing the UE whether it is a regular SI update, which will take effect at the next SI modification period boundary or a ETWS or CMAS notification, which takes effect immediately. In either case the paging message does not provide the actual information, but informs the UE that it has to read the SI, either after the next SI modification period boundary or immediately. 
NR could reuse the LTE principles for information-limited paging indication of SI updates, but it could also be considered to include additional limited information to guide the UE’s behaviour as well as facilitate acquisition of the updated SI parameters. There are arguments both for and against including additional information in the paging message for SI update notification (e.g. as discussed above), so in case such additional information is included, it should be kept small and well-motivated.
One piece of information that could be considered for inclusion in the paging message for SI update notification to achieve various advantages is a SystemInformationValueTag, i.e. a value tag that covers the entire SI by covering SIB1 (which makes it cover other SIBs too indirectly via the per-SIB value tags in SIB1). The presence of the SystemInformationValueTag would enable a UE that has stored a previous SI version corresponding to that SystemInformationValueTag value to apply the stored SI without reading or requesting any SI again. This would be beneficial, in case the network often toggles between two (or a small number of) different SI configurations.
[bookmark: _Toc506498113]The paging message for SI update notification may contain a SystemInformationValueTag covering SIB1 (and therefore indirectly covers other SIBs too through the per-SIB value tags included in SIB1).
When the SystemInformationValueTag is present in the paging message for SI update notification, this is also an indication of a coming SI update. Hence, when the SystemInformationValueTag is present, the systemInfoModification parameter becomes redundant and in principle the SystemInformationValueTag could replace the systemInfoModification parameter in the paging message for SI update notification.
Observation 3	When the SystemInformationValueTag is present in the paging message for SI update notification, the systemInfoModification parameter becomes redundant. It can be discussed whether the SystemInformationValueTag then should replace the systemInfoModification parameter, i.e. whether both the SystemInformationValueTag and the systemInfoModification parameter or only one of them could be present simultaneously in the paging message for SI update notification.
In LTE, different SI updates are effectuated at different times (immediately or at the next SI modification period boundary), depending on the type of SI update. For instance, if the SI update is an ETWS update, the update is effectuated immediately and the UE should as soon as possible acquire the ETWS related SIBs, i.e. SIB10 and SIB11 in LTE. It is conceivable that there will be more features in the future that require immediate effectuation of SI updates. Instead of associating a separate rule with each SI update type, a more elegant and future proof way is to use a generic mechanism. 
This generic mechanism could be an indicator in the paging message, informing the UE of whether the SI update takes effect immediately or at the next SI modification period boundary. If the indicator indicates that the SI update takes effect immediately, the UE should as soon as possible acquire and apply the updated SI. Otherwise, the UE should acquire and apply the updated SI after the next SI modification period boundary. The indicator would be generic in the sense that it is not tied to any particular type of SI modification or SIB(s). Instead, it could be combined with any type of SI update. In essence, it would be up to the network to determine whether a certain SI update is urgent enough to motivate immediate effectuation or if it can wait until the next SI modification period boundary. If the indicator is absent, the default should be that the SI update is executed at the next SI modification period boundary.
[bookmark: _Toc494372573][bookmark: _Toc494389964][bookmark: _Toc498010331][bookmark: _Toc503454496][bookmark: _Toc506326553][bookmark: _Toc506355900][bookmark: _Toc506356707][bookmark: _Toc506498114]Introduce a generic indicator in the paging message for SI update notification, which indicates whether the SI update takes effect immediately (meaning that the UE should acquire and apply the updated SI as soon as possible) or at the next SI modification period boundary. If the indicator is absent, the default should be that the SI update takes effect at the next SI modification period boundary.
In some situations, a paging message for SI update notification may concern several updates, of which some may take effect immediately while others take effect at the next SI modification period boundary. In such cases, it is not enough that the paging message indicates immediate effectuation to trigger the UE to acquire and apply the updated SI as soon as possible, because then the UE will not know that there are also other SI updates that do not take effect until the next SI modification period boundary. In such cases, the UE has to be informed that it has to acquire some updated SI immediately and some other updates after the next SI modification period boundary. Consequently, the indicator in the paging message for SI update notification should be able to indicate “updates take effect immediately”, “updates take effect at the next SI modification period boundary” or “updates take effect immediately and updates take effect at the next SI modification period boundary”.
[bookmark: _Toc498010332][bookmark: _Toc503454497][bookmark: _Toc506326554][bookmark: _Toc506355901][bookmark: _Toc506356708][bookmark: _Toc506498115]The generic indicator in the paging message for SI update notification, which indicates when the notified SI updates take effect, should be able to indicate “updates take effect immediately”, “updates take effect at the next SI modification period boundary” or “updates take effect immediately and updates take effect at the next SI modification period boundary”.
As noted above, all additional information in the paging message adds to its size and the overhead of conveying the information about the SI update. The overhead is non-negligible considering that the paging message has to be transmitted many times in many paging occasions during an SI modification period in order to reach all affected UEs. This is especially problematic in high carrier frequencies, were the transmissions have to be beam swept.
In some scenarios, the disadvantages of the additional overhead will outweigh the advantages of providing the UE with the additional guiding information about the SI update. For instance, in periods of high load in a cell, the additional overhead may imply an undesirable strain of the cell’s resources. To be able to cater for different situations and scenarios, any additional information should be optional in the paging message for SI update notification, so that the network can choose what to include on a case by case basis.
[bookmark: _Toc494372575][bookmark: _Toc494389966][bookmark: _Toc498010334][bookmark: _Toc503454499][bookmark: _Toc506326557][bookmark: _Toc506355905][bookmark: _Toc506356712][bookmark: _Toc506498116]Additional information in the paging message for SI update notification should be optional.
Conclusion
In section 2 we made the following observations:
Observation 1	Regardless of whether temporary broadcast of updated on-demand SI is mandatory or optional for the network, a UE receiving the update notification has to read SIB1 to find out which SIB(s) that is/are updated, find out whether the updated SI is broadcast (in case of optional temporary broadcast) and retrieve the updated value tag(s) of the updated on-demand SIB(s).
Observation 2	Further optimizations of the SI update notification mechanism based on including additional information in the SI update notification message are questionable and their potential benefits should carefully be assessed in relation to the control signaling overhead they cause.
Observation 3	When the SystemInformationValueTag is present in the paging message for SI update notification, the systemInfoModification parameter becomes redundant. It can be discussed whether the SystemInformationValueTag then should replace the systemInfoModification parameter, i.e. whether both the SystemInformationValueTag and the systemInfoModification parameter or only one of them could be present simultaneously in the paging message for SI update notification.

Based on these observations and the discussion in section 2 we propose the following:
Proposal 1	When on-demand SI is updated, it is the choice of the network whether to temporarily broadcast the updated SI without requiring a request or broadcasting it only upon request.
Proposal 2	The paging message for SI update notification may contain a SystemInformationValueTag covering SIB1 (and therefore indirectly covers other SIBs too through the per-SIB value tags included in SIB1).
Proposal 3	Introduce a generic indicator in the paging message for SI update notification, which indicates whether the SI update takes effect immediately (meaning that the UE should acquire and apply the updated SI as soon as possible) or at the next SI modification period boundary. If the indicator is absent, the default should be that the SI update takes effect at the next SI modification period boundary.
Proposal 4	The generic indicator in the paging message for SI update notification, which indicates when the notified SI updates take effect, should be able to indicate “updates take effect immediately”, “updates take effect at the next SI modification period boundary” or “updates take effect immediately and updates take effect at the next SI modification period boundary”.
Proposal 5	Additional information in the paging message for SI update notification should be optional.
[bookmark: _In-sequence_SDU_delivery]
