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1 Introduction
It has been agreed by RAN2 to send new narrow band SIBs (nb-SIBs) that can be received by the LC UEs where the new nb-SIBs contain information based on legacy SIBs 1, 2 and 14.  However, e-mail discussions were initiated in RAN2#89bis indicated other SIB information (beyond 1,2, &14) will be usefully for LC UEs (e.g. to at least support of inter-freq mobility – SIB 3, 4, &5) but how a LC UE will receive these additional SIBs has not been agreed in RAN1. 

This tdoc discusses the merits of dual scheduling (via PDCCH and M-PDCCH) as an approach to sending these addition SIBs for LC UEs.
2 Duplicate SIBs

One obvious solution is to duplicate SIB information in e.g. SIB3, 4 &5 and send these in a newly defined NB-SIB3, NB-SIB4 and SIB5 but this can add significant system overhead. For example: If SIB3, 4, and 5 are duplicated in nb-SIBs and if nb-SIBs 3 and 4 are repeated every 160ms and nb-SIB 5 is repeated every 320ms and if 1PRB is used for M-PDCCH and 6 PRBS for each nb-SIB, this will yield additional ((1+6)*5)=35 PRBs in 320ms being used. 

Observation: Duplication of legacy SIB information in new nb-SIBs increases system overhead.

Although it has been agreed that nb-SIB1 will be M-PDCCH-less, the other nb-SIBs may use M-PDCCH to provide scheduling flexibility especially if many of legacy SIBs are duplicated. If nb-SIBs are schedules via M-PDCCH, a common search space (CSS) for the M-PDCCH will be needed. 
Observation: Duplication of legacy SIB information in new nb-SIBs will likely require a CSS for the M-PDCCH. 
3 Dual Scheduling SIBs
Figure 1 illustrates the concept of Dual Scheduling, where the green SIB with TBS<1000 is pointed to by both legacy PDCCH and the M-PDCCH. 
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Figure 1: Dual scheduling for SIBs

Dual scheduling requires:
1. Legacy SIBs have <=1000 bits TBS. 

2. Legacy SIBs within 6PRBs but can be anywhere within the band, allowing frequency hopping. 

3. M-PDCCH has a CSS (the location of M-PDCCH needs to be known to the LC UEs).

Observation: It is possible for LC UEs to receive legacy SIBs if the SIB is =<1000bits, scheduled within 6PRBs, and scheduled via the CSS of the M-PDCCH.
The advantage of dual scheduling of legacy SIBs is lower system overhead. Using the example above, and again assuming 1 PRB is used for M-PDCCH scheduling, the overhead goes down from 35 PRBs to just the 5 PRBs; thus Dual Scheduling can reduce overhead by a factor of 7 compared to duplicating.
Observation: Dual Scheduling can reduce PDSCH overhead by a factor of 7 compared to duplicating.

For larger SIBs, the MCS is higher given the 6 PRB limitation and thus legacy UEs will need to combine more legacy SIBs for reliable reception near cell-edge, but the system can repeat them more often without increasing overhead since they are now smaller. As [1] has shown, there will be very little difference in decode time for legacy UEs when the SIB is restricted to 6PRBs. 
Observation: There should be no material increase in SIB decoding time for legacy UEs if Dual Scheduling is used.

Even though the PDSCH resources will be reduced with dual scheduling, the PDCCH resources may increase depending on the size reduction in PRBs of what the legacy SIB would use down to 6. This is also mentioned in [1], e.g., if the legacy SIB would normally be sent using 12 PRBs, twice as many SIBs would be needed when Dual Scheduled using 2x6 PRBs, so the PDCCH resource usage would double.

Observation: Dual Scheduling SIBs can increase PDCCH resources used. 
In cases where a legacy SIB is >1000 bits, a duplicated nb-SIB will be needed. From a LC UEs perspective, the process of decoding a nb-SIB is the same whether a nb-SIB is Dual Scheduled or duplicated so there is no need to indicate to the either a LC UE or a legacy UE when Dual Scheduling is used. However, as with legacy SIBs, it is still advantageous for the LC UE to have an indication of the SI periodicity and SI window length which could be included in a nb-SIB.
Observation: There is no need to indicate to LC UEs or legacy UEs when Dual Scheduling is used.

There should be no explicit exclusion of LC UEs in enhanced coverage (EC) mode from using dual scheduled SIBs as long as the LC UE in EC can decode the M-PDCCH. 

Proposal: RAN1 should specify a CSS for M-PDCCH such that Dual Scheduling SIBs is supported.
4 Conclusions
Observation: Duplication of legacy SIB information in new nb-SIBs increases system overhead.

Observation: Duplication of legacy SIB information in new nb-SIBs will likely require a CSS for the M-PDCCH. 
Observation: It is possible for LC UEs to receive legacy SIBs if the SIB is =<1000bits, scheduled within 6PRBs, and scheduled via the CSS of the M-PDCCH.

Observation: Dual Scheduling can reduce PDSCH overhead by a factor of 7 compared to duplicating.

Observation: There should be no material increase in SIB decoding time for legacy UEs if Dual Scheduling is used.

Observation: Dual scheduling SIBs can increase PDCCH resources used. 
Observation: There is no need to indicate to LC UEs or legacy UEs when Dual Scheduling is used.
Proposal: RAN1 should specify a CSS for M-PDCCH such that Dual Scheduling SIBs is supported.
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