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1 Introduction

At the RAN1 #80 meeting, RAN1 shared with RAN2 WG new observations [1] in addition to those initially shared with RAN2 WG on SIB reception performance for MTC UEs. Based on evaluations on coverage enhancement for SIB transmissions for MTC UEs at a target SNR of -14.3dB [2], the following set of observations was captured: 
· The required number of repetitions can be very high.

· In case of “discontinuous” repetition, with the SIB transmitted every 20 ms, 100-209 repetitions are required for receiving a TB of 328 bits with 1% BLER (see Table 2 in attached document).

· In case of “continuous” repetition, with the SIB transmitted more frequently, 300-365 repetitions are required for receiving a TB of 328 bits with 1% BLER (see Table 2 in attached document). So while continuous repetition may help reduce the system information acquisition time it may also increase the overhead.

· From overhead point of view it will thus be beneficial to reduce the number of transmitted system information bits as much as possible.
· The required number of repetitions increases with the TBS.
· However, it appears to be more efficient to transmit a fixed number of system information bits in one single TB (up to the simulated maximum TBS of 1000 bits) rather than splitting them into separate smaller TBs.
· Some companies also provided results for additional coverage enhancement techniques beyond pure repetition, e.g. frequency hopping, in order to reduce the required number of repetitions, and RAN1 will continue to discuss the merits of those techniques (see Table 3 in attached document).
Subsequently, RAN2 sent a response LS [3] with agreements made regarding scheduling of SIBs for MTC UEs with reduced BW coverage and/or enhanced coverage:
1
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. 

1a
RAN2 will aim to align the SIB/SI formats and scheduling in accordance with the recommendations received from RAN1. RAN2 will confirm the SIB concept with RAN1.

2
RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs. 

3
In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time. 

4
From RAN2 point of view the scheduling information (time, frequency and MCS/TBS) allowing acquiring of “SIB1” for LC/EC UEs could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. The required granularity for supported transmission formats and whether it is feasible to indicate this in MIB requires further discussion. 

5
From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH. 

6   RAN2 confirms that the TB size restriction of 1000 bit for broadcast is acceptable from RAN2 point of view. This is based on the assumption that the network provides separate SIBs (different time/frequency resources) to LC/EC UEs and legacy UEs.
In this contribution, following the results from the SIB performance evaluation campaign in RAN1 WG and the response from RAN2 WG on the design and scheduling of SIBs for MTC UEs, we share our views on some of the RAN1 aspects of SIB design and transmission for low complexity (LC) MTC devices with reduced bandwidth and in enhanced coverage in LTE systems.
2 Scheduling of System Information
Based on the LS from RAN2 WG, it is clear that, at this point, RAN2 considers it feasible to design SIB for MTC UEs that are different from the legacy SIBs and that can be scheduled without using the physical downlink control channel for MTC. While the details for the number of MTC SIBs, their contents, and the amount of flexibility required needs further studies and discussion in RAN2 WG, from RAN1 perspective, it can be assumed that SIB scheduling without the use of the physical downlink control channel for MTC can be supported. 
Note that while the RAN2 feedback indicates that it is preferable to maintain some flexibility for the size of the SIB messages for MTC UEs as well, this does not imply the need for dynamic scheduling of the SIB transmissions. In our view, most of such flexibility can be realized in a semi-static manner as these primarily relate to whether or not a certain set of subset of information elements (IEs) are included in some of the MTC SIBs, the consideration of which mainly bears upon the specific network deployment and may be expected to not change very frequently. Hence, in our view, scheduling information for the MTC SIB1 can be indicated by using some of the MIB spare bits and consequently, MTC SIB1 can carry the scheduling information for the other MTC SIBs, as indicated as a possibility in the response from RAN2 WG.

Proposal 1:

· In order to make further progress regarding physical layer support for SIB transmissions as well as for the design of the physical downlink control channel for MTC, RAN1 WG to make a working assumption that SI transmissions for MTC UEs with reduced BW support and/or in enhanced coverage can be supported without dynamic scheduling using the physical downlink control channel for MTC. 
· The working assumption can be subsequently confirmed at a future meeting unless RAN2 conclusion on this indicates otherwise. 

3 Coverage enhancement techniques for SI transmission
In this Section, we discuss the coverage enhancement techniques that should be supported for SI transmission to MTC UEs with reduced BW support and/or in enhanced coverage based on the results of the evaluations conducted in RAN1 WG. 

Discontinuous transmissions of MTC SIBs: 

The gains from discontinuous transmission of MTC SIBs compared to continuous transmissions are evident from Table 2 in [2], wherein a significant reduction in the number of repetitions can be observed when the repetitions of the SIB transport blocks (TBs) are transmitted with some separation in time. For instance, it was observed in [4] that for moderate-to-high number of repetitions, considerable time diversity gains from discontinuous transmissions can be realized, e.g., for 32 repetitions, time diversity gains of about 2.5dB and 4.5dB are observed for 1% BLER with and without the application of frequency hopping respectively. 

While many of the evaluations for discontinuous transmissions assumed 20ms gaps between consecutive transmissions, in practice such large time-gaps may not be feasible due to the resulting SIB acquisition delay and the need to increase the BCCH modification period significantly. However, considering that the range for the number of repeated transmissions are of the order of 100 repetitions even for a SIB size of 328 bits, it should be possible to gain most of the time diversity benefits from discontinuous transmissions even if the repetitions are spaced at time intervals much shorter than 20ms, thereby enabling a shorter time duration for the transmission of the MTC SIB repetitions. 
Proposal 2:

· Discontinuous transmissions of SIB repetitions should be supported for MTC UEs with the exact time-gaps between consecutive SIB transmissions to be determined based on further details of the MTC SIBs and their modification period, and with the aim to achieve an efficient trade-off between the required number of repetitions and the SIB acquisition time.

Incremental Redundancy (IR) for MTC SIB transmission: 

As reported in results from various companies at the last meeting and as a natural application of the legacy SIB transmission scheme, blind retransmissions with pre-defined redundancy version (RV) cycling should be supported for MTC SIB transmissions. With this approach, symbol-level combining may be difficult to achieve. Considering the gains from discontinuous transmissions and the inherent long time spread due to a large number of repeated transmissions, coherent symbol level combining may not be the best approach to provide combining gains as against the time diversity gains that can be derived from temporally spread transmissions. Thus, LLR soft combining can be considered as the baseline mechanism for combining of repeated transmissions.
Proposal 3:

· Blind retransmissions based on pre-defined redundancy version (RV) pattern should be supported for MTC SIB transmission.
Frequency hopping for MTC SIB transmission:

As should be evident from the simulation results in Tables 2 and 3 in [2], application of frequency hopping can provide additional reduction in the number of repetitions needed due to frequency diversity. Compared to legacy SIB transmissions in larger system BWs, one of the challenges due to the reduced BW support for Rel-13 LC MTC UEs is the loss of frequency diversity. Unlike unicast transmissions that can benefit from frequency selective scheduling gains, for SI transmission which is of broadcast nature, loss of frequency diversity can be a significant impediment to reductions in the required number of repetitions. Hence, support of frequency hopping, whereby hopping is applied to the 6-PRB narrowband carrying the SIB transmissions, should be specified. Similar to the agreements made for application of frequency hopping for PDSCH and PUSCH transmissions, the hopping should consider any retuning time needed for the Rel-13 LC MTC UEs to hop from one narrowband to another within the system bandwidth. Further, the exact hopping pattern can either be pre-defined or configured in part using the MIB and/or MTC SIB1. 
Proposal 4:

· Frequency hopping should be supported for transmission of SI to MTC UEs with reduced BW support and/or enhanced coverage in deployments with larger system BW (system BWs larger than 1.4MHz). 

· The exact frequency hopping pattern should be across multiple subframes and take into account the allowed retuning time for Rel-13 LC MTC UEs to switch from one narrowband to another within larger the system BW.
· The exact frequency hopping pattern can be pre-defined or configured in part using MIB and/or MTC SIB1.
4 Conclusions

In this contribution, we provided our views on enhancements to SI scheduling and transmission to MTC UEs with reduced BW support and/or in enhanced coverage. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1:

· In order to make further progress regarding physical layer support for SIB transmissions as well as for the design of the physical downlink control channel for MTC, RAN1 WG to make a working assumption that SI transmissions for MTC UEs with reduced BW support and/or in enhanced coverage can be supported without dynamic scheduling using the physical downlink control channel for MTC. 

· The working assumption can be subsequently confirmed at a future meeting unless RAN2 conclusion on this indicates otherwise.
Proposal 2:

· Discontinuous transmissions of SIB repetitions should be supported for MTC UEs with the exact time-gaps between consecutive SIB transmissions to be determined based on further details of the MTC SIBs and their modification period, and with the aim to achieve an efficient trade-off between the required number of repetitions and the SIB acquisition time.

Proposal 3:

· Blind retransmissions based on pre-defined redundancy version (RV) pattern should be supported for MTC SIB transmission.
Proposal 4:

· Frequency hopping should be supported for transmission of SI to MTC UEs with reduced BW support and/or enhanced coverage in deployments with larger system BW (system BWs larger than 1.4MHz). 

· The exact frequency hopping pattern should be across multiple subframes and take into account the allowed retuning time for Rel-13 LC MTC UEs to switch from one narrowband to another within larger the system BW.

· The exact frequency hopping pattern can be pre-defined or configured in part using MIB and/or MTC SIB1.
References

[1] R1- 150873, “LS on SIB performance for Rel-13 coverage enhanced UE for MTC,” RAN1 WG, RAN1 #80, Athens, Greece, February 2015.
[2] R1-150595, “Summary for SIB evaluations for LTE Rel-13 MTC UE in enhanced coverage,” Ericsson, RAN1 #80, Athens, Greece, February 2015.

[3] R1-151252, “LS on system information for Rel-13 low complexity and coverage enhanced UEs,” RAN2 WG, RAN1 #80bis, Belgrade, Serbia, April 2015.

[4] R1-150081, “On SIB performance and design for MTC,” Intel Corporation, RAN1 #80, Athens, Greece, February 2015.
PAGE  
4/4

