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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]1	Introduction
After RAN2#116-e, an email discussion was held (summary in [3]) to determine how to deal with system information scheduling constraints from Rel-17 onward.  The proposed conclusion from [3] is to fix the handling of the offsetToSI-Used for posSIB scheduling and introduce an explicit SI window start location for new SIBs introduced from Rel-17.  This document analyses the fix to the offset in terms of backward compatibility and proposes a way forward.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	Evaluation of the problem
When a deployment needs to configure a large number of SI messages, it is clear from the analysis of [1] and [2] that it may encounter constraints on its scheduling assumptions—for example, it may be impossible to schedule all the SI messages while maintaining a minimum SI periodicity of 80 ms and a window size of 10 ms.  Based on [3], there seems to be consensus that (apart from the special case of DSS deployments) the problem is mainly related to the posSIBs, which can be deployed in very large numbers; the offsetToSI-Used was intended to relieve this problem by allowing the posSIBs to be scheduled separately, but this field was implemented with a bug that constrains it to be used in Rel-16 only when the minimum SI periodicity is equal to 80 ms.  It was proposed as an outcome of the email discussion to fix this bug for Rel-17, with the magic sentence allowing implementation by a Rel-16 UE.
If a particular deployment must have an 80-ms minimum SI periodicity and 10-ms SI windows (an “80/10 deployment”), the fix to the offset has no effect, since the offset can already be used as intended.  Such a deployment can only use 8 “regular” SI messages and 7 posSI messages (assuming only one SI message is scheduled with the minimum periodicity).  However, as analysed in [2], this already allows for a rich deployment of broadcast features: A system could, for instance, schedule SIB2/3/4/5/11 in 2 SI messages, SIB12 in 1 SI message, and have 5 more SI messages available for Rel-17 features and the occasional need to support PWS.  (The posSIBs could be deployed in many possible combinations; one version of RTK and one GNSS constellation might occupy the available 7 posSIBs, for example, assuming the RTK assistance data to be limited to 4 SI messages.  However, it is possible to overflow the 8-posSIB limitation fairly easily, e.g., if the RTK assistance data require 5 SI messages.)  A possible configuration is shown in Figure 1.


[bookmark: _Ref89075419]Figure 1: Scheduling of SIBs and posSIBs in an 80/10 deployment (Rel-16)
Observation 1: A Rel-16 deployment requiring an 80-ms minimum SI periodicity and a 10-ms SI window can schedule a reasonable population of SIBs (with some space available for Rel-17 SIBs), but encounters constraints in scheduling posSIBs.
For a deployment that absolutely requires the 80/10 configuration, this problem is intractable.  Fixing the bug in offsetToSI-Used will not help in case the 80-ms periodicity is required, and a new scheduling mechanism will be invisible to Rel-16 UEs, which are supposed to have access to the broadcasted posSIBs.  The only solutions are to (1) relax the scheduling constraints, (2) broadcast fewer posSIBs, or (3) exclude Rel-16 UEs from seeing some or all of the posSIBs.
However, a deployment that assumes some flexibility in the SI scheduling—for instance, one that can tolerate a 160-ms minimum SI periodicity or a 5-ms SI window—can address the problem even without a correction to the offset.  A system with a 160/10 configuration can schedule 16 SI messages (without using the offset), as shown in Figure 2.  (The figure would look essentially the same for an 80/5 deployment.)


[bookmark: _Ref89075619]Figure 2: Scheduling of SIBs and posSIBs in a 160/10 deployment (Rel-16)
Observation 2: A Rel-16 deployment that can accept a 160-ms minimum SI periodicity or a 5-ms SI window can schedule a reasonable set of SIBs and posSIBs (with some space available for Rel-17 SIBs/posSIBs).
Note that DSS deployments have a special problem that can occur already with Rel-16 SIBs; there is no backward compatible solution for these deployments, and they have to accept that some suboptimal configuration changes (e.g. longer SI periodicities, denser MBSFN subframes) are necessary to enable certain collections of SIBs.  As argued in [1], a DSS deployment with certain assumptions may only be able to schedule 2 SI messages, which is not enough to support Rel-16 operation along with the occasional requirement for PWS.
Observation 3: Rel-16 DSS deployments may encounter scheduling constraints even for basic Rel-16 functionality without considering posSIBs, which can only be alleviated by extending the minimum SI period, reducing the SI window size, or increasing the density of MBSFN subframes on the LTE side of the deployment.
2.2	Backward compatibility for correction of the offset
Correcting the 80-ms bug with the offsetToSI-Used should be seen as low-hanging fruit for Rel-17.  It is clear that the offset could usefully be applied to deployments with a longer minimum SI periodicity than 80 ms, and for such deployments, this change by itself would largely alleviate the SI scheduling problem.  For instance, a 160/10 deployment (160 ms minimum periodicity, 10 ms window) would be able to accommodate 16 “regular” SI messages and 15 posSIBs, leaving ample available space for Rel-17 features and a rich positioning deployment.  The TP in section 5 below implements the proposed change.
Observation 4: Allowing the offsetToSI-Used to be applied for minimum SI periodicities greater than 80 ms alleviates the SIB scheduling constraints for such deployments.
During the email discussion, some companies characterised this solution as NBC.  The potential backward compatibility issue occurs when a non-updated Rel-16 UE faces a Rel-17 network.  There are three possible cases:
1) The offset is not configured in the network—there is no compatibility issue.
2) The offset is configured and the minimum periodicity is 80 ms—the CR specifies the same behaviour that the UE already has, so there is no compatibility issue.
3) The offset is configured and the minimum periodicity is different from 80 ms—this case is not possible to configure in Rel-16, so the question is how the UE will handle the unexpected network setting.
The potential issue arises only when a non-updated Rel-16 UE sees unexpected network behaviour (case 3).  In such a case, the UE implementation could take several approaches:
1) Ignore the offsetToSI-Used field but process the posSchedulingInfoList, meaning that the UE looks for the posSIBs in the wrong place (concatenated with the “regular” SIBs).  This results in the UE failing to acquire the posSIBs; it has no impact on acquisition of the Rel-16 “regular” SIBs.
2) Ignore the offsetToSI-Used and the associated posSchedulingInfoList, meaning that the UE assumes the posSIBs are not available at all.  This has no impact on acquisition of the Rel-16 “regular” SIBs.
3) Apply the offsetToSI-Used according to the existing procedural text, meaning that the UE looks for the posSIBs in the wrong place (where they would be located if the minimum periodicity were 80 ms).  This results in the UE failing to acquire the posSIBs; it has no impact on acquisition of the Rel-16 “regular” SIBs.
For the non-updated Rel-16 UE, all three options result in a failure to acquire the posSIBs.  This implies that the UE would need to request assistance data via unicast LPP if it needs to do positioning, which is a graceful failure mode (and no worse than the result of putting the posSIBs in a new Rel-17-specific scheduling list).  In conclusion, implementation of the CR by a network does not cause a functional compatibility problem with Rel-16 UEs.
Observation 5: Correcting the offsetToSI-Used is backward compatible, in the sense that it does not break any functionality that currently works in Rel-16.  The only impact is in deployments that configure the offsetToSI-Used with a minimum SI periodicity other than 80 ms.
Proposal 1: In Rel-17, modify the description and handling of the offsetToSI-Used so that it can be applied to any minimum SI periodicity, with the magic sentence allowing implementation by Rel-16 UEs.
2.3	Rel-17 enhancements for constrained deployments
As noted above, correcting the offset does not help deployments with sufficiently tight constraints on SI scheduling, including some DSS deployments.  If an 80/10 deployment is required together with a sufficiently sparse set of MBSFN subframes, and the deployment must support more than a basic set of SIBs, the Rel-16 scheduling mechanisms are unequal to the task.
Proposal 2 of [3] suggests adding a new scheduling list to SIB1, using an explicit window position to schedule the new Rel-17 SIBs.  This does not disenfranchise Rel-16 UEs, but as noted above, it may not fully solve the scheduling problem for constrained DSS deployments.  Also, some companies indicated in [3] that they supported such a solution for Rel-17+ posSIBs only; it needs to be understood if companies can accept the impact of providing a new scheduling solution also for “regular” SIBs as proposed.
Based on the analysis of [1] and [2], we do not see a major scheduling problem for SIBs other than posSIBs in non-DSS deployments even in Rel-17.  In keeping with observations 1 and 2 above, we understand that deployments are generally limited by the posSIBs; an 80/10 deployment with the offset can accommodate 8 “regular” SIBs, a 160/10 (or 80/5, etc.) deployment with no offset can accommodate a total of 16 SIBs including posSIBs, and a 160/10 deployment with the offset has plenty of scheduling headroom.  Thus, we consider that the objective of any further enhancement should be to ease the constraints on DSS deployments.
Proposal 2: Discuss the possibility of further SI scheduling enhancements in the context of the needs of DSS deployments.
3	Conclusion
This document made the following observations:
Observation 1: A Rel-16 deployment requiring an 80-ms minimum SI periodicity and a 10-ms SI window can schedule a reasonable population of SIBs (with some space available for Rel-17 SIBs), but encounters constraints in scheduling posSIBs.
Observation 2: A Rel-16 deployment that can accept a 160-ms minimum SI periodicity or a 5-ms SI window can schedule a reasonable set of SIBs and posSIBs (with some space available for Rel-17 SIBs/posSIBs).
Observation 3: Rel-16 DSS deployments may encounter scheduling constraints even for basic Rel-16 functionality without considering posSIBs, which can only be alleviated by extending the minimum SI period, reducing the SI window size, or increasing the density of MBSFN subframes on the LTE side of the deployment.
Observation 4: Allowing the offsetToSI-Used to be applied for minimum SI periodicities greater than 80 ms alleviates the SIB scheduling constraints for such deployments.
Observation 5: Correcting the offsetToSI-Used is backward compatible, in the sense that it does not break any functionality that currently works in Rel-16.  The only impact is in deployments that configure the offsetToSI-Used with a minimum SI periodicity other than 80 ms.
As a result of these observations, we make the following proposals:
Proposal 1: In Rel-17, modify the description and handling of the offsetToSI-Used so that it can be applied to any minimum SI periodicity, with the magic sentence allowing implementation by Rel-16 UEs.
Proposal 2: Discuss the possibility of further SI scheduling enhancements in the context of the needs of DSS deployments.
A CR implementing proposal 1 is given in [4].
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