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Introduction
In RAN1#80bis [1], the following is agreed related to common channels. 
Agreements:
· Scheduling information for “MTC SIB1” (time, frequency and MCS/TBS) is derived from PCID and/or MIB and/or fixed/predefined in spec
· FFS: Impacts of MBSFN subframes, TDD configuration and PBCH repetition on possible time resources for “MTC SIB1”
· Scheduling information for subsequent “MTC SIs” (time, frequency and MCS/TBS) is derived from “MTC SIB1” and/or fixed/predefined in spec

Agreements:
· Alternatives for number of UEs in paging/RAR message 
· Alt 1. Fixed number of UE(s)
· Alt 2. Variable number of UEs
· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism
· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages
· Option 2. M-PDCCH carrying paging/RAR message
· Option 3. PDSCH carrying paging/RAR message
· Further study with consideration of the followings
· Blocking probability needs to be considered
· How many UE monitoring occasions can be configurable in the system
· Spectral efficiency, UE power consumption, and network/UE complexity

This contribution discusses further details on common channel scheduling. 
Details of SIB transmission
It was agreed that scheduling information of SIB1 is derived without the associated M-PDCCH. Scheduling information of SIB1 could include MCS, RB allocation and the number of repetitions. Due to the limited reserved bits available in MIB, majority of scheduling information of SIB1 needs to be prefixed. Currently, legacy SIB1 can be scheduled in every 20msec in a prefixed subframe. Similar to it, we consider that SIB1 can be transmitted in a prefixed set of subframes. As discussed in our earlier contribution [2], discontinuous transmission can be beneficial because of time diversity gain. Thus, we consider that existing transmission mechanism of SIB1 can be reused to certain extents. In terms of resource allocation, as SIB1 is shared between UEs in normal coverage and enhanced coverage, to minimize the number of reception subframe, it is desirable to allocate all 6PRBs to SIB1 if possible. Furthermore, as agreed, frequency hopping would be used for SIB1 transmission. Thus, a frequency hopping pattern of SIB1 needs to be determined. To determine the narrowband location where SIB-1 can be transmitted and frequency hopping pattern of SIB1, some signalling from MIB can be utilized. To minimize the signalling overhead, one possible solution of SIB1 narrowband and frequency hopping can be prefixed if hopping is available. To fix the location of SIB1 transmission and maximize the gain of frequency hopping, narrowbands in the edge of system bandwidth can be used for SIB1 transmission. For example, the resource location of SIB-1 transmission can be shown in Figure 1.
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[bookmark: _Ref419378170]Figure 1. Example of SIB-1 resource

In terms of resource for SIB1, if inter-cell interference is considered, randomization of resource can be considered where the resource may be selected based on cell ID. As the resource can be fixed, the signalling on TBS and frequency hopping related configuration may be needed. For the modulation, QPSK is assumed to be used for SIB-1 transmission always.
Another point to be discussed on SIB transmission for MTC is how to design SIB periodicity with consideration of both low complexity (i.e. LC) aspect and coverage enhancement aspect. On this point, following two approaches can be considered. 
· Approach 1) single SIB periodicity with adjustment of SI update period: With this approach, based on a single SIB periodicity, LC and CE can be supported by adjusting SI update period. More specifically, SI update period may need to be extended to support CE for repetition compared to the LC only case. 
· Approach 2) additional repetition for CE on top of periodic SIB for LC: With this approach, on top of periodic SIB transmission for LC, additional SIB repetition (burst) is transmitted to support CE. Considering system overhead, this SIB burst may need to be transmitted by intermittent manner. 
Between two approaches above, Approach 1 is preferred for MTC SIB-1 in terms of simplicity and with consideration of system overhead and UE complexity as long as significant problem is not observed in aspects of performance loss and SI update latency. 

Proposal 1: Predefined narrowband is used for SIB-1 transmission. Hopping pattern of SIB-1 is determined based on some signalling (e.g., hopping is enabled or disabled) from MIB.  
Common control message for Normal Coverage UEs
As discussed in the last meeting, we consider that a UE should not perform blind detection of different TB sizes. Thus, if control-less option is used for paging and RAR transmission, the TBS should be prefixed or signalled before the transmission. If control-less option is used where dedicated resource(s) is reserved for RAR and/or paging transmission, to minimize the blocking probability, sufficient resources should be pre-allocated. In terms of pre-allocating RAR and paging resources, two approaches can be considered. 
· Option 1: Allocate few number of narrowbands for RAR and/or paging transmission where multiple resources in those narrowbands are allocated for potential RAR and/or paging transmission. 
· Option 2: Allocate multiple narrowbands for RAR and/or paging transmission with some occasions per each narrowband. 
If option 1 is used, as shown in [3], blocking probability can increase. Furthermore if many occasions are allocated for RAR and/or paging, it becomes challenging to schedule any PDSCH over those narrowbands particularly in case of CE.  If the second option is used, blocking probability may decrease though it also depends on the number of occasion per each narrowband. Also, in normal coverage, it is not straightforward to say that multiplexing among UEs is not necessary. Considering that a large number of population of MTC devices, possible multiplexing among MTC UEs seems necessary. Moreover, if the system bandwidth is rather small and thus there are only a few narrowbands possible, if resources are pre-allocated for RAR and/or paging, the preallocated resource may not be usable for PDSCH repetition due to possible collision with RAR and/or paging transmission to other UEs or blocking probability of PDSCH transmission may increase. 
For example, Figure 2 shows resource allocation of PRACH and RAR. Since PRACH can be multiplexed among different UEs with different preamble index, multiple concurrent RARs are feasible and thus many RAR occasions would be necessary which are configured after PRACH resources. The example shows that four RAR resources are reserved assuming RA window size = 2 SF and one narrowband of one subframe may carry up to 4 RARs. Without allowing multiplexing among UEs in RAR, the required preconfigured RAR resource can increase considerably. In such a case, if the network wants to schedule PDSCH repetition in the same narrowband where RAR resource is reserved, as mentioned, two options are considered. One is to exclude the reserved RAR resource from any repetition (in other words, the UE assumes that repetition will not be mapped to the reserved RAR resource). The other option is to rely on the network scheduling to avoid the collision. The first approach would lead inefficient resource utilization and also increase the reception time, and the latter becomes challenging in case of large CE level. 
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[bookmark: _Ref419401138]Figure 2. Resource allocation example of PRACH and RAR without control channel

If M-PDCCH is used, a dedicated narrowband for CSS can be used for RAR and paging scheduling. Figure 3 shows an example where DCI via CSS schedules RAR. CSS narrowband can be shared for RAR, paging and for example SIB transmissions. 
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[bookmark: _Ref419401756]Figure 3. Resource allocation example of PRACH and RAR with CSS

Also, if paging is used for SI update, the TBS even though the number of multiplexed UEs is fixed can change. Thus, overall, control-less paging transmission seems not desirable. As the overhead of having control channel in normal coverage seems not significant considering the benefits of flexibility, we consider that M-PDCCH should be used at least in normal coverage.

Proposal 2: Multiplexing among UEs in normal coverage is supported for both RAR and paging. 

Proposal 3: M-PDCCH schedules RAR and paging at least in normal coverage.

Common control message for Enhanced Coverage
[bookmark: _GoBack]In enhanced coverage, the above mentioned disadvantages exist as well. However, there could be some different aspects to consider. For example, in CE, paging may not be used for SI update due to its high overhead. Also, from the power consumption perspective, it can be desirable to separate paging transmission to each UE as much as possible. However, for RAR transmission, PDCCH-less transmission can be a bit challenging due to concurrent PRACH transmission by multiple UEs. With many number of repetitions of PRACH, it is likely that a possible starting subframe sets for PRACH in CE will be restricted. When a large number of MTC UEs exist, it means that many UEs may attempt PRACH transmission at the same time. To reduce the possibility, more PRACH resources may need to be reserved. However, this may reduce the available resource for PUSCH and other transmission in CE. When multiple PRACH transmissions occur at the same time, RAR needs to be transmitted over different narrowbands. If resources are reserved over multiple narrowbands for RAR, those resources may not be used for PDSCH repetition or it would increase the blocking probability of PDSCH transmission considering that repeated M-PDCCH can start only in a restricted set of starting subframes and the network may need to avoid scheduling PDSCH if it may collide with RAR and/or paging transmission to other UEs. If M-PDCCH is used, it would require less resource reservation. Furthermore, a UE may need to search multiple repetition levels for paging and/or RAR transmission as the network has adapted repetition level. If resource used for M-PDCCH is a considerable concern, it would be more appropriate to transmit paging and/or RAR via M-PDCCH itself. 

Proposal 4: Do not consider control-less PDSCH transmission for paging and RAR. It is also considered that M-PDCCH schedules RAR and paging in CE. If overhead is deemed an issue, consider M-PDCCH carries RAR and/or paging in CE mode.
Conclusions
This contribution discusses mechanisms for cell common channel transmission. The followings are the proposals. 

Proposal 1: Predefined narrowband is used for SIB-1 transmission. Hopping pattern of SIB-1 is determined based on some signalling (e.g., hopping is enabled or disabled) from MIB.  

Proposal 2: Multiplexing among UEs in normal coverage is supported for both RAR and paging. 

Proposal 3: M-PDCCH schedules RAR and paging at least in normal coverage.

Proposal 4: Do not consider control-less PDSCH transmission for paging and RAR. It is also considered that M-PDCCH schedules RAR and paging in CE. If overhead is deemed an issue, consider M-PDCCH carries RAR and/or paging in CE mode. 
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