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Discussion and decision
1.  Introduction
This paper discusses how SI changes can be notified to the UE in case of carrier aggregation.
2. Discussion
At RAN2 #68bis several alternatives were discussed with regards to SI change notification in carrier aggregation. Two alternatives seem viable:
Alternative 1
The UE monitors SI change on 1 CC (e.g., anchor CC), and Paging and/ or SIB1 indicates on which CCs SIs have changed. Upon receiving this indication, the UE acquires the SIs directly on those CCs [1].
Alternative 2
All SI changes are delivered by dedicated signalling [2].
With regards to Alternative 1, the following observations can be made:

1. Paging/ SIB1 overhead – With Alt.1 Paging and/ or SIB1 need to indicate on which CCs SIs have changed. An easiest way is to include the list of EARFCNs in Paging/ SIB1 to indicate those CCs. However, since an EARFCN value is 16 bits each, this can sum up to considerable overhead when SIs are changed on multiple CCs. Although such overhead is only present when SI change occurs, the fact that no HARQ is applied to Paging and SIB1 schedule is fixed yields that careful consideration is necessary. Some signalling optimisation may have to be considered.

2. PDCCH decoding on each CC – With Alt.1, the UE needs to be able to decode PDCCH (common search space) on all configured CCs to receive the new SIs, unless cross-carrier scheduling is applied to SIs. Although application of cross-carrier scheduling to SIs is still under discussion in RAN1, this point needs further study in conjunction with RAN1.
3. Deactivated CCs – Another issue related to Alt.1 is how configured/ deactivated CCs are handled, when SI change on those CCs are indicated. Given that SI change is relatively infrequent, acquiring SIs immediately on those CCs should be reasonable. Deferring SI acquisition until later when the CC is activated is not preferred since this will delay CC resumption.
4. SI change on CCs that cannot be received – Assuming that CC failure would be reported by the UE (either by a new RRC message or by reusing the measurement reporting procedure), such CCs can be removed by the eNB and should not exist in principle. Hence, this seems not to be an issue.
Hence, the first and second points would need further consideration (especially the second point with RAN1). Otherwise, Alt.1 seems to be a straight forward enhancement of the Rel-8 mechanism and seems to be very simple.
With regards to Alternative 2, the following observations can be made:

1. Time limitation of SI delivery – With Alt.2, the eNB needs to deliver the new SIs to all the UEs in CA. Although the number of UEs in CA might be small in the initial phase, such assumption is dangerous as the system should be future proof when CA becomes common place. With CA, the number of UEs that are interested in a particular CC (i.e., using the CC as part of CA) would increase, compared to Rel-8/9. For instance, assume that 200 UEs were connected per CC in Rel-8/9. If all UEs become Rel-10 CA capable and 5 CCs are aggregated, this implies that 1,000 UEs would be using one particular CC. If SI change is to be delivered within 1 s, each UE only gets PDSCH resources of less than 1 subframe (across the 5 CCs). If significant amount of resources are used for SI delivery, the U-plane will suffer very narrow bandwidth during the 1 s. As such, some mechanism is needed to relax this limitation, e.g., by adopting activation time. However, since the activation time concept was disliked by many companies in Rel-8 and was not adopted, bringing such mechanism seems to require careful study. Moreover, even if activation time is adopted, the mechanism may not be fast enough to react to urgent SI change. Although no SIs relevant for connected mode seems to require urgent update as of Rel-9, this should not put a burden on introducing urgent information in future. Note that with Rel-8, 1 s was relatively easy to achieve since SI reception should normally be successful within one or few SIB2 cycles after the SI modification boundary.

2. Relays – For Relay Nodes (RNs), dedicated signalling is probably the most efficient approach, since RNs can only receive Un downlink during MBSFN subframes [3]. Then, if dedicated signalling is supported for RNs, it can be argued that the same mechanism can be used for UEs as well. However, the first point should be carefully considered for SI updates towards UEs, instead of making an easy decision.
Although Alt.1 requires further considerations on PDCCH decoding requirements (second point), Alt.1 is a straight forward enhancement of Rel-8. From network operations perspective, Alt.1 seems to impose less impact compared to Alt.2, since Alt.2 would probably require a mechanism to relax SI delivery time, e.g., activation time. Therefore, overall, NTT DOCOMO prefers Alt.1.
Proposal
Alternative 1 should be adopted.
3. Conclusions
SI change notification in carrier aggregation was discussed. Of the two viable alternatives:
Alternative 1
The UE monitors SI change on 1 CC (e.g., anchor CC), and Paging and/ or SIB1 indicates on which CCs SIs have changed. Upon receiving this indication, the UE acquires the SIs directly on those CCs.
Alternative 2
All SI changes are delivered by dedicated signalling.
NTT DOCOMO proposes to adopt Alternative 1.
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