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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]1	Introduction
During RAN2#115-e, some discussion took place of the contribution in [1], which proposed changes to the SI scheduling mechanism to address potential cases of scheduling overload.  We understand the proposal is expected to be presented in evolved form to this meeting for further analysis.  This paper discusses the problem scenarios and potential solutions.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	Problem scenarios
The basic issue is that, under the SI scheduling scheme introduced in Rel-15, windows for all the SI messages need to fit sequentially between instances of the SI with the shortest periodicity.  This is shown in the figures in [1]; the conclusion is that if the shortest SI periodicity is x*si-WindowLength, the scheduling can only accommodate x SI messages.
Observation 1: If the shortest SI periodicity is x*si-WindowLength, the SI scheduling mechanism can only accommodate x SI messages.
[bookmark: _GoBack]The analysis of [1] concludes that a Rel-16 deployment might need as many as 27 SI messages—a very large number which would be obviously challenging to schedule.  The analysis assumes a worst-case scenario in the deployment:
· SIB2/3/4/5/11 are collectively large enough to require two SI messages
· ETWS and CMAS are broadcasted simultaneously
· V2X is supported
· Broadcast positioning assistance data (without the 80-ms offset) are enabled for all of the following methods:
· MAC RTK
· FKP RTK
· SSR
· GLONASS
· BeiDou
· At least one other GNSS constellation
· UE-assisted DL positioning
· UE-based DL positioning (assumed to require a separate SI message from UE-assisted)
These assumptions may be excessively pessimistic; certainly we suggest that no worse scenario needs to be catered for in the spec.  A more restrained scenario might require the following list of system information:
· SIB2/3/4/5/11 (2 SI messages)
· V2X (1 SI message)
· One version of RTK (~5 SI messages)
· GNSS assistance data for one constellation (~3 SI messages)
· DL positioning (1 SI message)
· Capability to allocate 1-2 more SI messages for PWS when needed
These assumptions would lead to a total of ~12 SI messages continuously transmitted, with the occasional need to increase the number to 13-14 to accommodate PWS.  It might be possible to loosen the scheduling constraints by using the 80-ms scheduling offset for the positioning SIBs (which, however, depends on the shortest SI period being set to 80 ms).
Observation 2: A complex but realistic Rel-16 deployment could be expected to require ~12 SI messages, with the occasional addition of 1-2 SI messages for PWS.
As discussed in RAN2#115-e, DSS may give rise to a special concern, due to the need to have long SI windows allowing scheduling of NR SI messages in LTE MBSFN subframes.  For example, a case with a shortest SI periodicity of 160 ms, but requiring an SI window of 80 ms to account for the MBSFN subframe distribution, would only allow 2 SI messages in the system.  This would obviously be a problem as soon as PWS needed to be activated, if V2X were deployed, or if the system wanted to enable broadcast of any positioning assistance data.  As discussed in the next section, it may be possible to ease this limitation somewhat through scheduling configuration, subject to the needs of the DSS deployment.
Observation 3: DSS deployments may impose further constraints on the scheduling of SI messages.
2.2	Deployment solutions
Whether these numbers of SI messages can be scheduled depends on the system configuration.  As per observation 1 above, 12 SI messages (with room to expand to 13 or 14) could be scheduled if the shortest SI period is 160 ms and the SI window is 10 ms long (or other arithmetically similar configurations).
Observation 4: A 12-SI deployment can be accommodated with a minimum SI period of 160 ms and a window size of 10 ms.
The worst-case scenario described by [1] would require more flexibility to accommodate in scheduling.  With a minimum period of 320 ms and a window of 10 ms, or a minimum period of 160 ms and a window of 5 ms, the system would have 32 SI windows available and be able to schedule the needed system information, at the cost of longer delays in acquiring SIBs and/or reduced flexibility in scheduling SI messages in their windows.
Observation 5: A 27-SI deployment can be accommodated with a minimum SI period of 320 ms and a window size of 10 ms, or a minimum SI period of 160 ms and a window size of 5 ms.
These observations suggest that with current mechanisms, the needed system information physically can be scheduled; the question is whether the needed scheduling parameters would offer acceptable performance, especially for the DSS case.  This may require further discussion.  The DSS case may already have problems with legacy SIBs (e.g., when PWS is activated), so a non-backward-compatible change may not be able to address this issue; it may be necessary instead for DSS deployments in MBSFN subframes to extend the SI cycles or expand the MBSFN subframe allocation.
2.3	Specification solutions
The approach proposed in [1] would fundamentally change the SI scheduling mechanism for posSIBs and new SIBs introduced in future releases.  The proposal is non-backward compatible, in the sense that any SI scheduled with the new mechanism becomes invisible to Rel-15/16 UEs, but it does not break the existing scheduling.  In our understanding, a deployment that did not encounter scheduling constraints would simply not use the new mechanism, and a deployment with scheduling problems would require a decision on whether to change the scheduling to accommodate more SI messages (e.g. with shorter windows) or use the new mechanism and disenfranchise Rel-16 UEs from the affected SIBs/posSIBs.
Observation 6: Under the proposed new scheduling mechanism, a deployment without a scheduling problem could operate in the legacy manner, while a deployment with a scheduling problem would need to decide whether to change the schedule or use the new mechanism.
Observation 7: If the new mechanism is used for SI scheduling, it would disable Rel-16 UEs from using the affected SIBs (e.g. V2X, broadcast assistance data).
Where positioning SIBs are involved, the 80-ms offset specified in Rel-16 offers some scheduling assistance.  However, as discussed in RAN2#115-e, this offset can only apply in cases where the shortest SI period is 80 ms, and thus it may not help in the worst cases.  We understand that this limitation was an oversight when the offset was incorporated into NR, and it could be considered to modify it for more flexible operation in Rel-17, at the cost of backward compatibility concerns: A network that configured the offset with a different minimum SI periodicity would lock Rel-16 UEs out from broadcast positioning assistance data.  In case of a scheduling emergency, this may be an acceptable impact (remembering that the Rel-16 UEs can still request assistance data via unicast LPP signalling).
Observation 8: The existing posSI offset could be made more flexible in Rel-17, but networks that used the flexibility would disable Rel-16 UEs from using broadcast assistance data.
In general, there are solutions with specification impact to the general scheduling problem, but with a backward compatibility issue.  It is necessary to decide if the severity of the potential scheduling problems justifies the specification effort and impact to Rel-16 UEs, or if operators can rely on deployment configuration to adapt to cases of high SI load.
Proposal 1: RAN2 should decide if the SI scheduling problem justifies a new scheduling mechanism that, when used, would disable use of (at least) the posSIBs by Rel-16 UEs.
If a specification change is deemed justified, the analysis above suggests that the real problem is with posSIBs, and the parsimonious approach would be to fix the posSI offset, which was originally intended precisely to give more scheduling flexibility for the posSIBs.  We suggest that a further new mechanism should be considered only if an enhanced version of the offset is found to be inadequate.
Proposal 2: If a specification change to the SI scheduling is considered justified, start by changing the posSI offset to be applicable irrespective of the minimum SI periodicity.
3	Conclusion
This document contains the following observations:
Observation 1: If the shortest SI periodicity is x*si-WindowLength, the SI scheduling mechanism can only accommodate x SI messages.
Observation 2: A complex but realistic Rel-16 deployment could be expected to require ~12 SI messages, with the occasional addition of 1-2 SI messages for PWS.
Observation 3: DSS deployments may impose further constraints on the scheduling of SI messages.
Observation 4: A 12-SI deployment can be accommodated with a minimum SI period of 160 ms and a window size of 10 ms.
Observation 5: A 27-SI deployment can be accommodated with a minimum SI period of 320 ms and a window size of 10 ms, or a minimum SI period of 160 ms and a window size of 5 ms.
Observation 6: Under the proposed new scheduling mechanism, a deployment without a scheduling problem could operate in the legacy manner, while a deployment with a scheduling problem would need to decide whether to change the schedule or use the new mechanism.
Observation 7: If the new mechanism is used for SI scheduling, it would disable Rel-16 UEs from using the affected SIBs (e.g. V2X, broadcast assistance data).
Observation 8: The existing posSI offset could be made more flexible in Rel-17, but networks that used the flexibility would disable Rel-16 UEs from using broadcast assistance data.
Following the analysis and observations, this document promulgates the following proposals:
Proposal 1: RAN2 should decide if the SI scheduling problem justifies a new scheduling mechanism that, when used, would disable use of (at least) the posSIBs by Rel-16 UEs.
Proposal 2: If a specification change to the SI scheduling is considered justified, start by changing the posSI offset to be applicable irrespective of the minimum SI periodicity.
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