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1 Introduction
In RAN2 NR-AH 1801 meeting [1], RAN2 discussed the issue of system information acquisition in RRC CONNECTED over multiple BWPs. This topic was controversial, and only the following common search space assumption was agreed:
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.

This agreement means that UE can always monitor common search space in current active DL BWP for paging of system information update notification. However, RAN2 has not discussed how updated system information can be delivered. In this paper, we provide our consideration and concern for this issue.  
2 Discussion  
Given RAN2 agreement in last meeting, UE can always monitor common search space in current active DL BWP for paging of system information update notification. Then, we need to discuss how updated system information can be delivered: 
Observation 1: RAN2 assumes that common search space is provided in every DL BWP. 
We will first discuss whether updated system information (SI) should be broadcast delivery (i.e. SI addressed by SI-RNTI) or unicast delivery (i.e. SI addressed by C-RNTI), and then discuss the mechanism how regular SI (i.e. non-PWS SI) and PWS SI (ETWS/CMAS) is delivered over multiple BWPs, respectively because of their different latency requirements on SI acquisition.
2.1 Whether updated SI is delivered broadcast or unicast?
In LTE, SI is broadcast in most scenarios [2]. In NR, there were some proposals to use dedicated signaling to deliver updated system information in CONNECTED to avoid UE autonomous BWP switch [3-4]. We provide our analysis of their pros/cons below:
· Pros of broadcast SI over unicast SI

· Low overhead, especially for common SI (e.g. RMSI, ETWS and CMAS)

· Aligned with SI acquisition mechanism in idle/inactive mode (i.e. only broadcast SI is feasible).

· At least in following 2 scenarios, SI should be broadcast in initial BWP when UE in CONNECTED

· Scenario 1: UE fallback to initial BWP when BWP inactivity timer expires and default BWP is not configured
· Scenario 2: UE fallback to initial BWP for RACH when active BWP has no RACH resources
· Pros of unicast SI over broadcast SI
· Avoid the following possible performance loss caused by BWP switch

· Ongoing unicast data disruption after BWP switch

· Data loss with autonomous BWP switch (to initial BWP)
· Avoid UE requirement of simultaneous reception of unicast data and broadcast SI, which results from following reasons:

· UE capability (simultaneous RNTI or TBS decoding, different SCS)

· RX beamforming in FR2 

Based on above analysis, we slightly prefer broadcast SI over unicast SI at this stage because it is more efficient for common SI reception and seems it can’t be avoided when CONNECTED UE fallbacks to initial BWP. It should be baseline in Rel-15. 
Observation 2: Broadcast SI should be baseline in Rel-15 because it is more efficient for common SI reception and seems it can’t be avoided when CONNECTED UE fallbacks to initial BWP.
For unicast SI, we think the 1st issue (performance loss) can be addressed by careful mechanism design with broadcast SI, which is discussed in later section. But for 2nd issue (mandate UE to simultaneous reception of unicast data and broadcast SI) is worth further studies. And RAN1 input is required.
Observation 3: Unicast SI delivery needs to be considered because UE may not support simultaneous reception of broadcast SI and unicast data due to the following reason

· UE capability limitation (simultaneous RNTI or TBS decoding, different SCS)

· RX beamforming in FR2
So, we think unicast SI should also be further studied in stage 3 or next release. 
Proposal 1: In Rel-15, broadcast SI should be considered as baseline. Unicast SI delivery should be further discussed in stage 3 or next Release.

2.2 SI acquisition mechanism over multiple BWPs
In this section, we discuss how SI should be acquired over multiple BWP. Basically, we have the following 4 options:

· Alt-1: NW duplicates SI in each DL BWP (i.e. BWP switch is not needed during SI acquisition)
· Alt-2: NW sends SI on one or some of the configured DL BWPs. It is up to NW to use DCI command to switch BWP to the one containing the SI when the update comes. UE starts acquiring RMSI and on-demand SIs from the next SI modification boundary.
· Alt-3: NW only sends SI in initial BWP. NW configures initial BWP as one of the RRC configured BWPs, and indicates UE to switch to initial BWP for SI acquisition though DCI when the update comes
· Alt-4: NW only sends SI in initial BWP. UE autonomously switches to initial BWP for SI acquisition when the update comes
In our understanding, how to down-select these design options will depend on whether BWP switch is allowed during acquisition and how much performance loss is tolerant. It is thereby a question related with the latency requirement of completing acquisition. Therefore, we should discuss this issue for non-PWS SI and PWS SI, respectively.
2.2.1 Non-PWS SI acquisition over multiple BWPs
In LTE [3], once notified of SI change, the new regular SI (non PWS) will be broadcast starting from the next modification period. So, UE is allowed to update regular SI by next modification period. In LTE [3], modification period is determined by modificationPeriodCoeff and defaultPagingCycle. Then, the shortest period is 640ms and longest one is 4096s. Although NR has not discussed value range of modification period up to now, we think it is reasonable to assume that the gap between the BCCH modification notification and next modification period can be considerably long enough for NW to perform BWP switch for SI acquisition.
Observation 4: For non-PWS system information acquisition, the gap between the BCCH modification notification and next modification period can be considerably long enough for NW to perform BWP switch for SI acquisition. 
Then, the above listed 4 options should all be allowed in theory. For purpose of down-selection, we summarize their pros and cons in table 1.

	Alternatives
	Pros
	Cons
	Notes

	Alt-1
	· No performance loss caused by BWP switch
	· Large overhead since SI is broadcast in each DL BWP
	

	Alt-2
	· Less overhead than Alt-1
· No further UE behaviour needs to be specified
	· Ongoing UE service may be disrupted
	Further signalling b/w UE and RAN may be required

	Alt-3
	· Less overhead than Alt-1

· No further UE behaviour needs to be specified
	· Ongoing UE service may be disrupted
· It may mandate UE to switch across BWPs with different numerologies, which is optional UE feature defined in RAN1

· It is a waste of throughput to configure initial BWP as one of 4 RRC configured BWPs because initial BWP has high overhead to include cell common config.
· Initial BWP may have congestion issue
	· Further signalling b/w UE and RAN may be required
· RAN1 input is required

	Alt-4
	· Less overhead than Alt-1
	· Ongoing UE service may be disrupted
· UE specific “SI acquisition gap” may be required

· Initial BWP may have congestion issue
	· Further UE behaviour and/or gap needs to be specified 

· RAN1/RAN4 input is required


Table 1: Pros and Cons of the 4 solutions
Based on above analysis, we can see that Alt-3 and Alt-4 had multiple issues than Alt-1 and Alt-2, and further standard efforts and RAN1/RAN4 inputs are required.
Observation 5: The mechanism that UE switches to initial BWP for SI acquisition (i.e. Alt-3/Alt-4) needs further standard efforts and RAN1/RAN4 inputs.  

Considering only remaining 4 meetings to finalize Rel-15, we propose that the mechanisms that require further efforts in both RAN1/RAN4 and RAN2 (i.e. Alt-3/Alt-4) are not supported in Rel-15. 

Proposal 2: Considering remaining 4 meetings to finalize Rel-15, the mechanisms that require further efforts in both RAN1/RAN4 and RAN2 (i.e. Alt-3/Alt-4) are not supported in Rel-15. 

Then for Alt-1/Alt-2, we think that both solutions can be regarded as NW implementation. From the view of chipset vendor, as long as NW makes sure that UEs are in active BWP where updated SIs are broadcast, both solutions are fine with us. It can be left to NW implementation to use Alt-1 or Alt-2 based on specific system requirements.
Proposal 3: For non-PWS system information acquisition, it is left to NW implementation (i.e. Alt-1/Alt-2) to ensure that UE can acquire RMSI and other SI from next SI modification boundary.  

For Alt-2 and Alt-3 one open issue is what UE and network do after the UE has switched and acquired the SI.
Observation 6: What the UE and NW do after the switch for SI needs to be further studied 
Proposal 4: Discuss options for what the UE and NW do after the switch to the initial BWP
2.2.2 PWS SI acquisition over multiple BWPs

PWS SI (ETWS/CMAS) has more strict latency requirement. Note that RAN2#99b [5] made the following agreements:

Agreements

1
For NR, different NR system information blocks are defined for ETWS primary notification, ETWS secondary notification and CMAS notification.

2
Paging is used to inform UEs about ETWS indication and CMAS indication. UE monitors ETWS/CMAS indication in its own paging occasion for RRC_IDLE and RRC_INACTIVE. UE monitors ETWS/CMAS indication in any paging occasion for RRC Connected.

3
Paging indicating ETWS/CMAS notification triggers acquisition of system information (without delaying until the next modification period)
The highlighted agreement shows that PWS notification needs to be delivered to UE in short time period. So BWP switch may not be allowed during PWS SI acquisition. 
Observation 5: For PWS system information (ETWS/CMAS) acquisition, BWP switch may not be allowed because PWS notification needs to be delivered to UE in short time period. 

Proposal 5: Discuss how to deliver the PWS system information  
2.2.3 Challenges on simultaneous reception of broadcast and unicast data
Finally, as indicated before, UE may not support simultaneous reception of broadcast SI and unicast because of UE capability limitation and/or RX beamforming in FR2. For these UE, it should start monitoring broadcast and drop unicast data reception if broadcast SI and unicast data are sent simultaneously. It is FFS whether to introduce signaling between gNB and UE or specify UE behavior, to resolve this issue. 
Proposal 6: UE should start monitoring broadcast and drop unicast data reception if UE does not support simultaneous reception of broadcast SI and unicast data
3 Summary
Given RAN2 agreement in last meeting, UE can always monitor common search space in current active DL BWP for paging of system information update notification. In this paper, we discuss the followed issue: how updated system information can be delivered in CONNECTED over multiple BWPs. We propose: 
Observation 1: RAN2 assumes that common search space is provided in every DL BWP. 
Observation 2: Broadcast SI should be baseline in Rel-15 because it is more efficient for common SI reception and seems it can’t be avoided when CONNECTED UE fallbacks to initial BWP.
Observation 3: Unicast SI delivery needs to be considered because UE may not support simultaneous reception of broadcast SI and unicast data due to the following reason

· UE capability limitation (simultaneous RNTI or TBS decoding, different SCS)

· RX beamforming in FR2
Observation 4: For non-PWS system information acquisition, the gap between the BCCH modification notification and next modification period can be considerably long enough for NW to perform BWP switch for SI acquisition. 
Observation 5: The mechanism that UE switches to initial BWP for SI acquisition (i.e. Alt-3/Alt-4) needs further standard efforts and RAN1/RAN4 inputs.  

Observation 6: What the UE and NW do after the switch for SI needs to be further studied 
Proposal 1: In Rel-15, broadcast SI should be considered as baseline. Unicast SI delivery should be further discussed in stage 3 or next Release.
Proposal 2: Considering remaining 4 meetings to finalize Rel-15, the mechanisms that require further efforts in both RAN1/RAN4 and RAN2 (i.e. Alt-3/Alt-4) are not supported in Rel-15. 

Proposal 3: For non-PWS system information acquisition, it is left to NW implementation (i.e. Alt-1/Alt-2) to ensure that UE can acquire RMSI and other SI from next SI modification boundary.  

Proposal 4: Discuss options for what the UE and NW do after the switch to the initial BWP
Proposal 5: Discuss how to deliver the PWS system information  
Proposal 6: UE should start monitoring broadcast and drop unicast data reception if UE does not support simultaneous reception of broadcast SI and unicast data
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