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Introduction
In a companion contribution “Remaining issues on change of System Information in NR” [1] we discuss handling of updates of the system information (SI) and suggest that the LTE mechanisms based on paging and SI modification periods are reused with some optional improvements in the form of additional information in the Paging message notifying about SI updates.
An aspect that however is not treated in [1] is how to handle UEs in RRC_CONNECTED state, which are configured with an active DL BWP (Downlink Bandwidth Part).
This paper discusses how to notify an RRC_CONNECTED state UE with a configured active DL BWP that SI will be updated (or that ETWS/CMAS information has been activated) and how to facilitate for the UE to retrieve the updated SI or ETWS/CMAS information.
[bookmark: _Ref178064866]Discussion
The basic principles for SI updates are likely to be similar in NR as in LTE. It is built around the concept of SI modification periods. With some exceptions, SI can only be updated at the border between two SI modification periods. Furthermore, a planned SI update has to be announced in the SI modification period prior to an actual SI update. Such announcements are performed using Paging messages, i.e. a Paging message is used to inform UEs in RRC_IDLE, UEs in RRC_INACTIVE and UEs in RRC_CONNECTED state about a coming system information change. If the UE receives a Paging message including a systemInfoModification indication, it knows that the system information will change at the next SI modification period boundary. 
A special case of SI update notification via paging is when an etws-Indication parameter or cmas-Indication parameter in the Paging message indicates that a public warning system message (ETWS or CMAS) has been activated in the SI. In this case, the UE knows that the update is applicable immediately and the UE should as soon as possible acquire and read the SIB(s) related to the public warning indicted in the paging message.
Retrieval of system information other than the MIB and SIB1, whether updated or not, relies on the scheduling information for SI transmissions included in SIB1. This scheduling information is not precise and does not include specific resource allocations, as a scheduling allocation on the PDCCH. The scheduling information in SIB1 allocates SIBs to SI messages and only SIBs with the same periodicity can be allocated to the same SI message. Furthermore, each SI message has an associated SI window, which recurs with different periodicity for different SI messages (but which has the same length for all SI messages). The gNB broadcasts a certain SI message at some time within the SI window associated with the SI message. The UE can identify a SI message transmission from the scheduling allocation on the PDCCH, which is addressed to the SI-RNTI (i.e. the SI-RNTI is encoded into the CRC of the DCI carrying the scheduling allocation).
Regarding the MIB and SIB1, the MIB is included in the SS Block, which the UE finds by detecting the synchronization signals PSS/SSS, and SIB1 can be found based on configuration information included in the MIB.
For NR, RAN1 has introduced the concept of Bandwidth Part (BWP), which does not exist for LTE. A BWP defines a continuous part of the full carrier bandwidth. It is configured separately for UL and DL. One motivation for introduction of this concept is that it facilitates support of configurations for UEs which do not support the full bandwidth and it is more lightweight than a full-fledged cell. In addition, configuring multiple DL BWPs on a carrier can speed up a wideband UE’s measurements on all the beams in an SS Block beam sweep if each configured DL BWP provides a SS Block beam sweep with shifted beam directions (i.e. simultaneous SS Block transmissions are performed in different beam directions in different DL BWPs).
A BWP is configured only for a UE in RRC_CONNECTED state, i.e. other than an initial BWP (one for UL and one for DL), a BWP only exists for UEs in RRC_CONNECTED state. To support the initial data exchange between the UE and the network, e.g. during the process of moving a UE from RRC_IDLE or RRC_INACTIVE state to RRC_CONNECTED state, the initial DL BWP and initial UL BWP are configured in the minimum SI. The initial DL BWP corresponds to the CORESET of the RMSI (SIB1) transmission (i.e. the DL transmission resources on which the PDCCH for the RMSI transmission may be transmitted/broadcast).
A UE in RRC_CONNECTED state without a configured active DL BWP is informed of SI updates in the same way as UEs in RRC_IDLE and RRC_INACTIVE state, i.e. through Paging. It is however not fully clear yet how an RRC_CONNECTED UE with a configured active DL BWP is handled. If a UE has to leave its allocated DL BWP to monitor paging occasions (POs) on other frequencies (where the paging channel is configured) this would imply gaps in the UE’s availability, i.e. during these POs the UE is not available for DL transmissions.
Even worse is if the UE receives a notification of updated SI or presence of ETWS/CMAS information and the UE has to leave its DL BWP for a potentially significant time to receive the updated SI or ETWS/CMAS information, due to the multi-step SIB retrieval (MIB-->SIB1-->SIBx) and the flexible (unpredictable) window-based SI message scheduling.
Observation 1	Monitoring paging occasions for possible notifications of updated SI (including ETWS/CMAS information) or retrieval of updated SI poses problems for a RRC_CONNECTED UE with a configured active DL BWP not covering the CORESET with the common search space.
These two operations need to be addressed, i.e. how to notify an RRC_CONNECTED UE with a configured active DL BWP of updated SI (including activated ETWS/CMAS information) and how to facilitate for the UE to retrieve the updated SI without spending overly long time away from its active DL BWP.
Let’s have a look at potential solutions for these two operations separately.
Potential solutions for reception of SI/ETWS/CMAS update notifications
According to agreements – and with support in TS 38.331 – the network can configure a paging search space in each DL BWP. Although the involved IEs (pagingSearchSpace in PDCCH-ConfigCommon, pdcch-ConfigCommon in BWP-DownlinkCommon and bwp-Common in BWP-Downlink) are all optional in TS 38.331, this makes it straightforward to utilize this possibility to enable that RRC_CONNEDCTED UEs with configured active BWPs are notified of ETWS/CMAS/SI update through paging in their respective active DL BWP.
Other methods could include notification via dedicated RRC signaling or letting the UE leave its active DL BWP to monitor a subset of its paging occasions (possibly only one) outside the active DL BWP, e.g. in the initial BWP. These methods seem inferior, but could be used if a paging search space is not configured in all DL BWPs 
A paging search space should be configured for every (active) DL BWP and paging should be used for notifying UEs in RRC_CONNECTED state of ETWS/CMAS/SI update through paging in the UE’s active DL BWP.
[bookmark: _Ref503356382]Potential solutions for retrieval of updated SI/ETWS/CMAS
[bookmark: _Ref503186800]Transmit all periodically broadcast SI in all BWPs
With this solution all periodically broadcast SI is “copied” in all configured DL BWPs. This allows a UE allocated to a DL BWP to receive updated SI without leaving the DL BWP. If updated on-demand SI is temporarily broadcast (e.g. a few periodic transmissions) after the update, the UE can receive updates of all SIBs from broadcasts within the UE’s DL BWP.
[bookmark: _Ref503388961]Temporary broadcast of updated SI in all BWPs
Although the solution to provide all SI in an equal manner in all configured DL BWPs, as described above in section 2.2.1, is straightforward, broadcasting the SI in more than one DL BWP in a cell, e.g. in another DL BWP than in the initial DL BWP, has the disadvantage of being wasteful, since only UEs in RRC_CONNECTED state use the DL BWP and UEs in RRC_CONNECTED state can be assumed to already have acquired the SI they need.
Hence, a more efficient way of providing broadcast SI in a DL BWP (other than the initial DL BWP) could be to only broadcast it temporarily after an update. That is, when the SI is updated, the SI is broadcast, starting at the SI modification period boundary where the SI update is executed (or immediately if the update concerns ETWS/CMAS parameters), for a limited time or a limited number of times, e.g. during a SI modification period or only once or twice.
[bookmark: _Ref503448590]Broadcast of updated ETWS/CMAS information in all DL BWPs
This solution is a variant of the one above in section 2.2.2, but only ETWS/CMAS information is broadcast in all DL BWPs. These broadcasts may be performed only temporarily after an update of the information.
[bookmark: _Ref503188046]Exact timing/scheduling information for updated SI messages
In order to minimize the gap and time required for a UE to retrieve updated SI outside the UE’s active DL BWP, the gNB, with this solution, provides the UE with information about the exact time when each updated SI message will be broadcast, instead of just providing a SI window for each SI message. The timing information could possibly be complemented with information about the frequency resources (subcarriers) that will be used for the broadcast transmission. With this option, the UE could in principle skip receiving the scheduling allocation on the PDCCH for the transmission of an updated SI message.
This timing and possible frequency resource information may be included in the Paging message with the SI/ETWS/CMAS update notification. 
However, proactively providing such exact scheduling/timing information restricts the flexibility for the network to choose when to transmit a certain SI message within its associated SI window. Therefore, a possible alternative could be to provide a reduced time window to UEs in DL BWPs other than the initial DL BWP, which is smaller than the full SI window, but still not an exact time, thereby leaving some of the flexibility for the gNB to choose the transmission time with short notice.

[bookmark: _Ref503354314]Send SI message PDCCH scheduling allocations in all DL BWPs
With this solution the gNB sends the scheduling allocation for every SI message containing updated SI on the PDCCH in each configured DL BWP, while the actual SI message is transmitted only on the PDSCH configured for RRC_IDLE/RRC_INACTIVE UEs to receive (in the initial DL BWP). With this solution, a PDCCH for common signaling would have to be configured in each DL BWP. Possibly, there would have to be some additional time between the scheduling allocation and the actual PDSCH SI message transmission outside the UE’s DL BWP, in order to give the UE enough time to switch to the concerned subcarriers (e.g. reconfigure its filters and receiver algorithm parameters) in time to receive the SI message. 
Note that with this solution the UE does have to decode the regular scheduling allocation on the PDCCH for the transmission of an updated SI message, since the UE has already been informed of the time and frequency transmission resources where the updated SI is broadcast.
If a UE is configured with RRC_CONNECTED state DRX and is in sleep mode when the PDCCH scheduling allocation is transmitted, then the gNB has to resolve the situation through other means, e.g. proactively reconfigure the UE’s DRX cycle or deliver the updated SI to the UE via dedicated RRC signaling.
This solution minimizes the UE’s time outside its active DL BWP, while retaining the gNBs flexibility to broadcast the concerned SI message any time within its SI window.
Instruct the UE when to leave its DL BWP to receive the updated SI
Instead of transmitting a (proactive) scheduling allocation on the PDCCH in each configured (and active) DL BWP, as described in section 2.2.5, the gNB could transmit (on a PDCCH in each DL BWP) a simple notification which informs the UE that it should immediately switch its receiver to receive the bandwidth of the “default PDCCH” (i.e. the PDCCH that UEs in RRC_IDLE and RRC_INACTIVE state monitor, e.g. in the initial DL BWP) and monitor the PDCCH to receive the scheduling allocation for the broadcast transmission of the updated SI. 
Like in the solution described in section 2.2.5, the gNB has to take possible RRC_CONNECTED state DRX configurations into account.
Like the solution described in section 2.2.5, this solution minimizes the UE’s time outside its active DL BWP, while essentially retaining the gNB’s flexibility to broadcast the concerned SI message any time within its SI window.
Provide the updated SI via dedicated RRC signalling to each UE in a DL BWP
With this solution, the gNB provides the updated SI via dedicated RRC signaling to each UE allocated to a DL BWP. Possibly, the updated SI is provided only on request from the UE. If the notification of SI update contained information about which the affected SIB(s) is/are, a UE may choose to request the updated SI only if the updated SIB(s) is/are of interest to the UE.
[bookmark: _Ref503448595]Provide updated ETWS/CMAS information via dedicated RRC signalling to each UE in a DL BWP
With this solution, the gNB provides updated ETWS/CMAS information to each UE in a DL BWP using dedicated RRC signaling. Other SI updates could be provided using any of the other herein described solutions.
What solution(s) to support for retrieval of updated SI/ETWS/CMAS?
A solution for efficient acquisition of the updated SI/ETWS/CMAS is needed. As shown above, there are many ways to address this issue and further studies and discussion may be needed to determine which the best solution is. However, as a minimum, NR should support the straightforward solution described in section 2.2.2 (“Temporary broadcast of updated SI in all BWPs”), while other solutions may be considered as future optimizations.
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Conclusion
In section 2 we made the following observations:
Observation 1	Monitoring paging occasions for possible notifications of updated SI (including ETWS/CMAS information) or retrieval of updated SI poses problems for a RRC_CONNECTED UE with a configured active DL BWP not covering the CORESET with the common search space.

Based on this observation and the discussion in section 2 we propose the following:
Proposal 1	A paging search space should be configured for every (active) DL BWP and paging should be used for notifying UEs in RRC_CONNECTED state of ETWS/CMAS/SI update through paging in the UE’s active DL BWP.
Proposal 2	NR shall at least support the solution described in section 2.2.2 (“Temporary broadcast of updated SI in all BWPs”). Support for additional optimizations related to SI updates when UEs are assigned to DL BWPs, as described in sections 2.2.3-2.2.8, may be further discussed by RAN2.
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