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Introduction
There is a WA in RAN2#90 that LC UEs shall be capable of receiving most SIBs [4]:
As a working assumption Rel-13 LC/EC UEs are not required to receive SIB13, SIB15, SIB18 and SIB19 assuming that those UEs are not required to support the corresponding functionality
It has also been agreed by RAN2#89 that SIBs shall have flexible scheduling and size [3]: 
RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage.
It has been decided in RAN1#81 that MTC-SIB1 will not be scheduled via M-PDCCH but rather by MIB [2]:
· Scheduling information for MTC SIB1
· TBS of MTC SIB1 is based on information in the MIB.
· Frequency location of MTC SIB1 is derived from at least PCID.
· Time location 
· Possible subframes are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. 
· FFS: Whether the subframes and frames are signaled in MIB and/or fixed/predefined in specification.

Given most SIBs need to be received by LC UEs, this paper discusses method of schedule for M-SIBs beyond M-SIB1 and in particular discusses the pros/cons of scheduling MTC SIBs via M-PDCCH and M-PDCCH-less methods for M-SIBs beyond MTC-SIB1 for LC UEs operation in normal coverage. The paper also then discusses the design issues for the Common Search Space (CSS) for the M-PDCCH which could be used to schedule M-SIBs.
M-PDCCH-less M-SIB scheduling
The figures below show two M-PDCCH-less scheduling options 1a and 1b:
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Given full mobility and other functionality will not be supported by UEs operating in CE (Coverage Enhancement) only a subset of SIB information will be needed for UE’s operating in CE mode (i.e. info only from legacy SIB1,2, and 14 will be need).  RAN2 has not yet decided if all this information will be in with M-SIB1 or if this will be broken into more, but for this paper we assume all this information is within the M-SIB1. 
M-SIBs required to be received in CE will need frequent repetitions (e.g. sent every 10ms) to achieve the required decoding time (e.g. 3-5sec).  Those frequently sent M-SIBs are shown as a darker green in the figure above versus M-SIBs that only need to be received in normal coverage and thus would be repeated less frequently (e.g. 200-500ms), as they should be decodable with no repeats or only a few repeats. 
M-PDCCH-Less Option 1a:
In this option, all scheduling information (time, freq, MCS, size) for all M-SIBs is contained in M-SIB1. 

Advantages:
LC UEs don’t need to monitor or decode the M-PDCCH before decoding the M-SIBs.

Disadvantage:
M-SIB1 will be larger and thus more difficult to decode especially in enhanced coverage
M-SIBs scheduling, format, and size will not be dynamic
If Dual Scheduling (i.e. where same legacy SIB is decoded by both LC UE and legacy UEs, see annex I and [5] for more details) is used, 
Then legacy SIB scheduling, format, and size will lose significant flexibility
Else, M-SIB overhead will be large
Even though the LC UE will not need to monitor the M-PDCCH CSS for M-SIBs, it may still need to monitor it for paging. A WA in RAN1#81 was made that Paging shall be done via the M-PDCCH [2]: 
· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)
· Agree the following as working assumptions for Paging:
· Support Option 1 for the case of a single Paging record in a narrowband
· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 
· Support Option 1 for the case of multiple Paging records in a narrowband 
Thus, this advantage is very small.
The size increase to M-SIB1 will be quite dramatic (~20bits per M-SIB) especially if many M-SIBs are needed. From [6], it has been shown that M-SIB size increases will significantly increase the amount of repetition/overhead needed.
The loss of M-SIBs scheduling, format, and size flexibility is a big concern as outlined in RAN2#89 where it was agreed that M-SIBs should maintain their flexibility [3]: 
RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage.

M-PDCCH-Less Option 1b:
For this option a new M-SIB1bis is introduced so that M-SIB1 only needs to provide scheduling information (time, freq, MCS, size) for M-SIB1bis and not all M-SIBs. This will reduce the size of M-SIB1. Now M-SIB1bis, which is repeated less for normal coverage, will contain all the scheduling information for all M-SIBs used for normal coverage. 

Advantages:
LC UEs don’t need to monitor or decode the M-PDCCH before decoding the M-SIBs.

Disadvantage:
M-SIB scheduling will not be dynamic
If Dual Scheduling (see annex I and [5] for more details) is used
Then legacy SIB scheduling, format, and size will not be flexible
Else, M-SIB overhead will be large

Although solution 1b reduces the size of M-SIB1, the other disadvantages remain.
Observation 1: M-PDCCH-less M-SIB scheduling for normal coverage will restrict M-SIB scheduling flexibility and legacy SIB scheduling if dual scheduling is used.

M-PDCCH scheduling for UE in Normal Coverage
The following figure shows an example how M-PDCCH scheduling could work for M-SIBs (beyond M-SIB1) in normal coverage:
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In this option, the M-SIB1bis is only providing the LC UE information regarding where and when M-PDCCH may contain DCI (Downlink Control Information) for M-SIBs (e.g. SI periodicity and SI window length) effectively defining the CSS. This is analogous to the scheduling information that the legacy SIB2 provides.  It is also possible to concatenate M-SIB1 and M-SIB1bis into one.
Advantages:
M-SIBs (beyond M-SIB1) scheduling, format, and size can be dynamic as it is in <=Rel12 networks
Dual scheduling is supported without restricting scheduling of legacy SIBs, thus ultimately reducing overhead

Disadvantage:
LC UEs will need to monitor the M-PDCCH for M-SIBs DCIs.

Observation 2: Allowing M-SIBs to be scheduled via the M-PDCCH will provide more scheduling flexibility and will reduce overhead when dual scheduling is used. 

Proposal 1: At least in normal coverage, M-SIBs (other than M-SIB1) may be scheduled via the M-PDCCH.

If the above proposal is accepted, then a common search space (CSS) needs to be defined for the M-PDCCH, which is discussed in the next section.
M-PDCCH CSS Design
If M-SIBs are scheduled via the M-PDCCH, a CSS for M-PDCCH for M-SIB DCI’s will need to be defined. 
Proposal 2: At least in normal coverage, an M-PDCCH CSS to receive M-SIBs DCI’s should be specified.

Initial Acquisition:
During initial acquisition of the M-SIBs, there will be no conflict or collision issues with USS, paging or RAR message, since the LC UE will not have a USS (UE specific Search Space) defined yet, will not receive pages yet, or RAR messages. 
Observation 3: During initial M-SIB acquisition, there is no conflict or collision between the M-PDCCH CSS and the USS, paging messages, or RAR messages.

Idle Mode:
Paging: There is a WA in RAN1#81 that Paging shall be done via the M-PDCCH. Thus a CSS for paging will be specified [2]: 
· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)
· Agree the following as working assumptions for Paging:
· Support Option 1 for the case of a single Paging record in a narrowband
· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 
· Support Option 1 for the case of multiple Paging records in a narrowband
 
During idle mode, there would be NO conflict/contention between a paging msg and M-SIB DCIs, if they are sent within the SAME narrowband region (i.e. same 6 PRBs). THUS the narrowband for paging SFs and M-SIB DCIs should be the same. This does mean that the paging narrowband will be the same for all UEs, but this will not be a capacity issue. 
Proposal 3: At least for SF which can contain pages, the M-PDCCH CSS for the M-SIB DCIs should be at the same narrowband as the M-PDCCH CSS for paging.
RAR: It is very unlikely that there could be contention between RARs and M-SIB DCIs given M-SIBs must be up to date before a UE may start the random access procedure.  If M-SIBs are updated during the random access procedure, the UE can choose how to prioritize. 
USS: there is no USS defined when the LC UE is in idle mode. 
Connected Mode:
When in connected mode, there will be a possible conflict/collision between the USS and the CSS for M-SIBs where the LC UE has to re-tune away from the USS to decode the CSS.  Given the eNB doesn’t normally know when the LC UE would be re-tuning away from the USS to refresh M-SIBs, it is possible the LC UE would miss USS messages from the eNB. For capacity reasons, it is not practical for the USS and CSS to share the same narrowband region (as was proposed for paging). However there are eNB implementation solutions, for example, given the LC UEs are latency insensitive; the eNB could avoid sending USS messages during the CSS for M-SIB DCIs. However, the M-SIB CSS should thus be as short as possible (i.e. as short SI window length as possible) to reduce latency. 
Observation 4: Most USS and CSS conflicts can be resolved by the eNB implementations and a short SI window.
Half Duplex:
The main purpose of supporting scheduling M-SIBs via M-PDCCH is to allow M-SIB and legacy SIB scheduling flexibility. Thus the CSS should be available for as many SF as possible during the SI window. If the CSS space is hopping, guard SFs may be needed and as a result would significantly reduce the number of SFs available for the CSS. Also given FH is mainly used as a coverage enhancement technique and the CSS for M-SIBs is generally only needed for normal coverage, thus frequency hopping of the CSS is not needed. 
Proposal 4: At least for normal coverage, frequency hopping should not be applied to the CSS narrowband region.
RAN 1 has so far agreed that it is FFS whether SIB scheduling would be fixed or predefined. If a fixed or predefined solution is used in release 13 it will need to be supported in future, whether or not a subsequent release approves of a CSS based scheme. It is therefore important that RAN 1 should consider the CSS M-PDCCH solution now.
Proposal 5: Send a request to RAN1 for support of the use of CSS in M-PDCCH for scheduling of SIBs

Conclusions
Observation 1: M-PDCCH-less M-SIB scheduling for normal coverage will restrict M-SIB scheduling flexibility and legacy SIB scheduling if dual scheduling is used.
Observation 2: Allowing M-SIBs to be scheduled via the M-PDCCH will provide more scheduling flexibility and will reduce overhead when dual scheduling is used. 

Proposal 1: At least in normal coverage, M-SIBs (other than M-SIB1) may be scheduled via the M-PDCCH.
Proposal 2: At least in normal coverage, an M-PDCCH CSS to receive M-SIBs DCI’s should be specified.
Observation 3: During initial M-SIB acquisition, there is no conflict or collision between the M-PDCCH CSS and the USS, paging messages, or RAR messages.
Proposal 3: At least for SF which can contain pages, the M-PDCCH CSS for the M-SIB DCIs should be at the same narrowband as the M-PDCCH CSS for paging.
Observation 4: Most USS and CSS conflicts can be resolved by the eNB implementations and a short SI window.
Proposal 4: At least for normal coverage, frequency hopping should not be applied to the CSS narrowband region.
Proposal 5: Send a request to RAN1 for support of the use of CSS in M-PDCCH for scheduling of SIBs
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Annex I: Dual Scheduling SIBs
The below 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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Dual scheduling for SIBs
Dual scheduling requires:
1. Legacy SIBs have <=1000 bits TBS. 
2. Legacy SIBs within a narrowband region (i.e. 6 PRBs) 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).

The advantage of dual scheduling of legacy SIBs is lower system overhead.  Without dual scheduling duplicate SIB information in e.g. SIB3, 4 &5 are sent again in a newly defined M-SIB3, M-SIB4 and M-SIB5.  From [5], Dual Scheduling can reduce PDSCH overhead by a factor of 7 compared to duplicating.
In cases where a legacy SIB is >1000 bits, a duplicated m-SIB will be needed. From a LC UEs perspective, the process of decoding a m-SIB is the same whether a m-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 m-SIB.
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