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1	Overall description
RAN2 had agreements in RAN2 NR AdHoc on the UE behaviour in the handling of paging for SI Change/ETWS/CMAS etc when the UE is configured with multiple bandwidth parts (BWPs). This paper discusses the benefits of using dedicated signalling for SIB over paging in NR SA for connected mode UEs in the first section.  The next section adds a few proposals on the paging/SI handing configuration to be considered if Paging/SIB acquisition proposal is not agreed.
1.1	Paging vs Dedicated Signalling in connected mode 
The following agreement was made in RAN2 101 NR AdHoc on the UE common search space (CSS) handling when multiple BWPs are configured to the UE.
Agreements
1    UEs in connected mode monitor paging in the common search space in the active DL BWP. This is based on the assumption that common seacrh space is provided in every DL BWP.

One use case of monitoring paging in RRC Connected is to notify the UE whether there is PWS SIB. Other than PWS SIB, SIB1 may also change and access control in SIB1 is at least also needed for RRC Connected mode UE. As cell reselection SIBs (SIB3 (serving cell), 4 (intra-frequency neighbour), 5(inter-frequency neighbour) and 6(inter-RAT to EUTRA)), these are not need in RRC Connected.  In the future, SIBs related service type such as MBMS, CSG, V2X etc. may also be supported.  But the focus now in RRC Connected can be just the PWS SIB and part of SIB1 (e.g. access control parameters). Other part of SIB1 such as common configuration for PCell is provided via dedicated signalling (if there is any change)
Observation 1: SIBs needed in RRC Connected are PWS SIB and part of SIB1 (e.g. access control parameters for RRC Connected).  Other part of SIB1 such as common configuration for PCell is provided via dedicated signalling (if there is any change)
Other than using paging and SI acquisition in broadcast for RRC Connected mode UE, an alternative is that gNB provides the updated SI via dedicated signalling. The following are the 2 options:
1. Upon receiving the notification, the UE acquires the SI from the broadcast (regardless of whether the SI is on-demand or periodic broadcast)
2. The gNB provides the updated SI via dedicated signalling
Option 1 is the same as LTE and UE performs the same actions as in idle mode. However, this would mean that the UE has to share HARQ resources to acquire the SI and the regular traffic reception at the same time.  In a beam-based system, in order to reduce the acquisition time (due to beam-sweeping for cell coverage), there are proposals to allow for SI window overlapping and SI multiplexing.  This not only increases complexity to the UE, also allowing SI window overlapping may result in further HARQ processes/resources required for SI acquisition, which otherwise can be used for regular dedicated traffic. From the BWP aspects, the gNB has to page UE in active BWP (other than the default BWP) and broadcast the SI in the active BWP (other than the default BWP) and thus further wastage of BWP resources.  The advantage that the broadcast one on the default BWP is for all the UEs are no longer possible as now the gNB potentially has to provide it in multiple active BWP.  
For Option 2 provides the simplest means for the UE to receive the updated SI. It does not require the UE to monitor the notification as well as SI acquisition over the broadcast signalling.  Not having to acquire SI over broadcast signalling means that UE does not have to share HARQ resources to acquire the SI and the regular traffic reception at the same time. From the BWP aspects, the gNB does not have paged UE in active BWP (other than the default BWP) and broadcast the SI in the active BWP (other than the default BWP).  This option also reduces the number of blind decoding as the UE does not need to be configured with all the different types of common search space other than the one for the fallback and reception of RAR.
Observation 2: Using Option 1 will have the following drawbacks:
· Acquiring the SI will result in HARQ resources being used which otherwise can be used for regular traffic. In a beam based system, overlapping SI window and SI multiplexing may be required and this may further consume HARQ resources for regular traffic.
· BWP resources (other than the default BWP) are used for notification and also for SI broadcast.
· More blind decoding if more types of common search spaces have to be configured. Some of the common search space types may not be active in BWP.  
Based on the observation, we think Option 2 is sufficient for Rel-15.  
Proposal 1: For SI change in RRC Connected, gNB provides the updated SI via dedicated signalling without UE requesting or acquiring from the SI broadcast.

1.2 Common Search Space monitoring for broadcast/paging information 
This section discusses the cases where the NW decides to use paging for the UE which are in CONNECTED state in a BWP in NR SA.
Paging information in NR SA follows the same principles that are used to for other DL scheduling procedures using the common search space:  CRC scrambled with the P_ RNTI on the DCIs which are scheduled in the common search space. The BLER requirements can also be similar to other PDCCH DCIs compared to the PDCCH DCIs which carries paging information or schedule the PDSCH containing the paging information. The exception is the difference of HARQ feedback and retransmissions for paging.
So if the intention of the NW is to convey the paging content to the UEs which monitor the CSS, even when these UEs are configured with and are active on multiple carriers (with an active BWP in each of these carriers), the scheduling of the paging via PDCCH in one BWP of a single carrier is enough to achieve this.
Observation 3: Since the paging procedure also uses the same PDCCH procedure as others in common search space (CSS), if the UE is configured with multiple carriers with an active BWP in each of these carriers, scheduling paging in one of the active BWPs among the carriers where the UE monitors the CSS, is enough to convey the information.
Furthermore, RAN1 has made the following agreement in RAN1#91, which narrows the DCI scheduling of PDCCH using only the common search space of PCell or PSCell of NR for paging/system information:


In Rel.15, 
For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only
In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only


Observation 4: The common search space of only PCell or PSCell shall be used by the NW in scheduling the PDCCH DCI for RMSI/OSI/Paging for the UEs. The common search space of SCells (if configured) shall not be used for this.
For EN-DC purposes, any paging related to ETWS/CMAS can be paged via the master node, and so the UE does not need to monitor the common search space for the paging DCI in NR PSCell. 
Similarly for NR-NR DC or NE-DC, the NR PCell can be used for paging of ETWS/CMAS messages, and the PSCell: (NR cell in NR-NR DC, LTE cell in NE-DC) does not need to monitor the CSS for paging. 
Proposal 2: RAN2 to refine the RAN2 agreement on having the UE monitor for paging in any active BWP,  such that , the monitoring of paging by the UE is only on the NR PCell while the UE is in connected mode.
In NR, a particular cell can have multiple BWPs where each BWP can be configured with a different sub-carrier spacing (SCS) compared to the other BWPs in that cell. Also in NR, a particular BWP may be configured to not contain any SSB/PBCH at all. 
In another configuration, a BWP can just contain the SSB/PBCH block for timing and phase reference, without RMSI scheduled (SIB1 and other SI can be absent). It is assumed that in cases where the SCS for a non-initial BWP is different from the SCS of the initial BWP, the SSB/PBCH if present in that BWP, shall use the same SCS of the BWP.
Observation 5: A BWP which is not initial BWP, can have just SSB/PBCH schedule without any other RMSI, or can be configured with no SSB/PBCH present. If SSB/PBCH is present, it shall have the same SCS as that of the other PRBs in that BWP
NR also allows the flexibility in configuration such that the BWPs which are not initial BWP in a cell, can have the common search space as configured or as absent. If the common search space is configured for these BWPs, NR further allows the flexibility that only certain search spaces can be configured from the below RAN1 defined common search spaces:
	Type0 common search space
	For PDCCH scheduling system information (SI-RNTI)

	Type0A common search space
	For PDCCH scheduling RMSI(SI-RNTI)

	Type1 common search space
	ForPDCCH in random access (RA-RNTI, TC-RNTI, or C-RNTI)

	Type2 common search space
	ForPDCCH scheduling paging (P-RNTI)

	Type3 common search space
	Forother group common PDCCH scheduling (INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, C-RNTI, or CS-RNTI)


 
However, based on the RAN2 agreement on having the UE monitor paging in the CSS in active BWP, it is clear that the NW will configure paging search space configuration (type2 CSS) in the active BWP. But there can be cases where NWs can configure a particular non-initial BWP with a different SCS (compared to the initial BWP), and can choose not to broadcast SI on this BWP, while just have the CSS configured with type2 paging search space.
Observation 6: Based on the RAN2 agreement on having the UE monitor paging in the CSS in active BWP, it is clear that the NW will always configure paging search space configuration (type2 CSS) in any active BWP. 
Observation 7: Even in NR PCell with multiple BWP configured, certain UEs in the cell can be configured with BWPs such that these UEs cannot monitor the common search space for system information with SI-RNTI, even when in cases where the UE is configured with a common search space in the active BWP. 
Since other than the configuration aspect, the BWP and bandwidth adaptation operation is agnostic to RRC, and with dynamic DCI-based and dl-InactivityTimer based BWP switching, RRC is not aware of whether the paging (and/or) system information is available in the current BWP the UE is active in.
Observation 8: RRC is not aware that for the current BWP the UE is active in, if the paging and/or system information are accessible or not to the UE.
If the paging is configured for a UE in an active non-initial BWP using the corresponding common search space and the corresponding DCI, but if the access to the system information is not configured with the needed common search space type in that BWP, then the UE cannot read the system information in the RRC CONNECTED state:
· The UE may not be capable to operate out of the current active BWP bandwidth to read the common search space of the initial BWP for the corresponding system information.
· If the UE switches from the current BWP to the initial BWP for the system information, this is a BWP switch which is outside of the agreed DCI-based or dl-InactiveTimer based switching, and so is not an agreed switch. It also creates an inconsistency between the UE and NW, as the needed SI window for reading system information may not be right around the time of paging and the repercussions on when the UE switches the BWP etc.. may result in more ambiguities.  
Proposal 3: The UE in RRC CONNECTED state does not switch from the current BWP to the initial BWP if the current active BWP does not allow the UE to monitor SI-RNTI in the common search space. 
It is still FFS whether the UE in RRC CONNECTED state has to have the updated the system information in NR SA, but in case dedicated signalling to the UE is not an option, paging can be used by the NW to the UE in RRC CONNECTED state in cases where active BWP in which the UE is present, has configuration of common search space with DCI based on SI_RNTI for this UE.
Proposal 4: The NW always configures the SI-RNTI search spaces: type0 and type0A common search spaces to the UE in RRC CONNECTED state on a particular BWP, if the paging search space is also configured in that BWP.


2	Conclusion
Observation 1: SIBs needed in RRC Connected are PWS SIB and part of SIB1 (e.g. access control parameters for RRC Connected).  Other part of SIB1 such as common configuration for PCell is provided via dedicated signalling (if there is any change)
Observation 2: Using Option 1 will have the following drawbacks:
· Acquiring the SI will result in HARQ resources being used which otherwise can be used for regular traffic. In a beam based system, overlapping SI window and SI multiplexing may be required and this may further consume HARQ resources for regular traffic.
· [bookmark: _GoBack]BWP resources (other than the default BWP) are used for notification and also for SI broadcast.
· More blind decoding if more types of common search spaces have to be configured. Some of the common search space types may not be active in BWP.  
Proposal 1: For SI change in RRC Connected, gNB provides the updated SI via dedicated signalling without UE requesting or acquiring from the SI broadcast.
If UE is required to receive Paging in Connected mode:
Observation 3: Since the paging procedure also uses the same PDCCH procedure as others in common search space (CSS), if the UE is configured with multiple carriers with an active BWP in each of these carriers, scheduling paging in one of the active BWPs among the carriers where the UE monitors the CSS, is enough to convey the information.
Observation 4: The common search space of only PCell or PSCell shall be used by the NW in scheduling the PDCCH DCI for RMSI/OSI/Paging for the UEs. The common search space of SCells (if configured) shall not be used for this.
Proposal 2: RAN2 to refine the RAN2 agreement on having the UE monitor for paging in any active BWP,  such that , the monitoring of paging by the UE is only on the NR PCell while the UE is in connected mode.
Observation 5: A BWP which is not initial BWP, can have just SSB/PBCH schedule without any other RMSI, or can be configured with no SSB/PBCH present. If SSB/PBCH is present, it shall have the same SCS as that of the other PRBs in that BWP
Observation 6: Based on the RAN2 agreement on having the UE monitor paging in the CSS in active BWP, it is clear that the NW will always configure paging search space configuration (type2 CSS) in any active BWP. 
Observation 7: Even in NR PCell with multiple BWP configured, certain UEs in the cell can be configured with BWPs such that these UEs cannot monitor the common search space for system information with SI-RNTI, even when in cases where the UE is configured with a common search space in the active BWP. 
Observation 8: RRC is not aware that for the current BWP the UE is active in, if the paging and/or system information are accessible or not to the UE.
Proposal 3: The UE in RRC CONNECTED state does not switch from the current BWP to the initial BWP if the current active BWP does not allow the UE to monitor SI-RNTI in the common search space. 
Proposal 4: The NW always configures the SI-RNTI search spaces: type0 and type0A common search spaces to the UE in RRC CONNECTED state on a particular BWP, if the paging search space is also configured in that BWP.

