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Introduction
In this contribution we discuss how to make delivery of system information forward compatible when it comes to later introduction of narrower bandwidth terminals and extended coverage.

[bookmark: _Ref178064866]Discussion
Support for narrowband UEs
In LTE, reduced bandwidth terminals were introduced in a later release (eMTC and NB-IoT) requiring separate delivery of system information to these devices. RAN1 has so far considered only wider bandwidth devices for initial access and system information delivery while the RAN2 design guidelines for system information has been to have a single technical framework.
While the assumptions in RAN1 and RAN2 might seem contradictory, there are technical solutions allowing a narrowband UE to access the system also when the system information is provided over a wider bandwidth. In particular the narrow-band UE could acquire the system information outside its’ receiver range using time domain repetitions. 
Figure 1 shows two possible examples of doing this. In both examples, MIB is used as an example, but similar approach could be used for all system information not delivered with dedicated signalling. The repetitions of the MIB in the NR-PBCH is split, so that different subbands contain different redundancy versions, where each redundancy version preferably is self-decodable. A UE with a wideband receiver can receive all the subbands in a single subframe, and immediately decode the MIB, while the narrowband UEs can either do frequency hopping to receive all blocks over a number of transmission occasions (left figure), or the network can alternate the order of the redundancy versions (right figure), so that UE can stay on the same frequency. In both cases, the narrowband UE is guaranteed to decode the MIB after collecting the required blocks from multiple transmission occasions. Note that it’s also possible to use simpler combining schemes (e.g. Chase combining) not requiring multiple redundancy versions to avoid increasing the UE soft buffer size.
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Figure 1: Mechanisms for allowing narrowband UEs to access minimum system information
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[bookmark: _Toc477511511][bookmark: _Toc478143446]RAN1 should consider a mapping to resource elements scheme for the physical channels that allows narrowband UEs to acquire the system information from multiple transmission occasions 

Coverage extension
For the UEs to be able to connect to the system, at least the minimum system information must be possible to acquire also when the UEs are in an extended coverage. Techniques such as soft combining of multiple transmissions of minimum system information, beamforming of minimum system information or even perhaps dedicated signalling should be considered at least for users in worst radio conditions. In this contribution, we address primarily the mechanism to extend the coverage of the minimum system information by repeating transmissions in time. 
To limit the number of correlations, the UE would have to perform to detect the minimum system information, it’s desirable that the repetitions occur at known time instances. In addition, from network energy consumption point of view, it is preferable to transmit all repetitions in one burst instead of spreading them over the time. This leads to the mechanism shown in Figure 2, where the system information is repeated several times in a burst, followed by an opportunity for network DTX.
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Figure 2: Mechanism for extending coverage for minimum system information
The soft combining of repetitions of the minimum system information is only possible if the contents of the minimum system information do not change in different repetitions. Even though most of the system information is static, some parameters might change over the time. Typical example of such a parameter would be system frame number, which is included in the MIB in LTE. 
For the minimum system information in the NR-PBCH it is already proposed in [2] that the UE can soft-combine all the NR-PBCH within the SS burst. Then, the network can repeat the SS blocks the needed time for extended coverage.
For the remaining minimum system information carrier by the NR-PDSCH, if, as proposed in [3], the NR-PDSCH is scheduled using the NR-PDCCH, time repetition of the NR-PDCCH and NR-PDSCH should be supported and the configuration indicated in the NR-PBCH. 
[bookmark: _Toc465324478][bookmark: _Toc466029882][bookmark: _Toc466069825][bookmark: _Toc471502750][bookmark: _Toc473547348][bookmark: _Toc473899999][bookmark: _Toc477511296][bookmark: _Toc477511513][bookmark: _Toc478143447]RAN1 should design the scheduling of the system information so that is can support extended coverage already from the initial release. At least the configuration of the number of repetitions used for the NR-PDSCH carrying the remaining minimum system information and its associated NR-PDCCH should be included in the NR-PBCH.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	RAN1 should consider a mapping to resource elements scheme for the physical channels that allows narrowband UEs to acquire the system information from multiple transmission occasions
Proposal 2	RAN1 should design the scheduling of the system information so that is can support extended coverage already from the initial release. At least the configuration of the number of repetitions used for the NR-PDSCH carrying the remaining minimum system information and its associated NR-PDCCH should be included in the NR-PBCH.
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