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1 Introduction

This paper discusses the needs beyond just simple forward compatibility for broadcasted signals (e.g. PSS/SSS and CRS), channels (e.g. PBCH) and information (e.g. SIBs) for mMTC UEs.  Although both CAT-M1 and CAT-NB1 UEs were designed to operate in-band of an LTE system, the design of the LTE broadcasted signals, channels, and system information did not allow for re-use by narrowband UEs thus there are some lessons in the LTE designs we should learn from. 
2 MTC and NB-IoT LTE Lessons Learned
Before the approval of the CAT-M1 Work Item [1], there was plenty of discussion around the appropriate bandwidth for the low cost narrowband UE. The two main proposals were: 6 PRBs (1.08MHz) and 1PRBs (180 kHz). The 1 PRB option was attractive because it offered lower complexity but in the end, the 6 PRB proposal was chosen as it allowed for many of the synchronization signals (PSS/SSS) and PBCH to be re-used. However, even with 6 PRBs, the CAT-M1 is challenged to decode the legacy SIBs due its inability to decode the wideband PDCCH and its 1000 bit TBS limit. 
The initial work for NB-IOT was started in GeRAN as a study item [2] where it was targeted to support only standalone mode (and to a lesser extent guard band mode).  The main reasons for the choice of 1 PRB (180kHz) bandwidth was to ensure that it fit into a standard GSM channel (200kHz).  The work then moved to RAN [4] where the very popular LTE in-band deployment mode was added. However, given the 1 PRB bandwidth, most of the legacy LTE broadcasted signals/channels/info could not be re-used. As a result, the broadcasted resource usage for NB-IoT is very large when providing the maximum coverage. For example - the NB-PBCH occupies 1 subframe per radio frame (10%), the NB-PSS and NB-SSS may occupy 1 subframe each per radio frame (20%), the NB-RS may occupy 16 REs per SF (~12%) and NB-SIB1 may be repeated 16 times (8SF each) in 256 radio frames (5%), thus ~47% of resources are used for broadcasted overhead and are not available for NB-IoT data.   
Observation: In LTE, adding support for narrowband UEs required the duplication of many broadcasted signals/channels/info, resulting in >45% broadcasted resource usage in some cases.
Due to this overhead, the concept of an anchored carrier was initial introduced for NB-IOT in Rel13 and will be improved in Rel14. However, it would have been extremely advantageous if the legacy broadcasted LTE signals, channels, and system information could have been used like an anchored carrier so that this larger overhead could be significantly reduced.

Conclusion: In LTE, it would have been advantageous if the legacy LTE broadcasted signals/channels/info could have been decodable by narrowband UEs.
3 NR Design Considerations
For NR, we should not make the same mistake as in LTE where many of the broadcasted signals/channels/info were not decodable by narrowband UEs. For NR, the broadcasted signals/channels/info should be designed to be decodable by the narrowest band UE foreseeable but still offer good performance (e.g. fast acquisition times) for the wideband UEs.  
Proposal: To avoid duplication, the NR broadcasted signals/channels/Info should be decodable by both wideband and narrowband UEs 
However, the above proposal is not meant to restrict all broadcasted signals/channels/info to be narrowband as this may degrade the performance of the wideband UEs. It should be possible for the wideband UEs to decode more of the signals than a narrowband UEs. In other words, it should be possible for the wideband UE to decode the entire wideband signal where the narrowband UE can only decode a narrow portion of the same the signal. 

Proposal: To optimize wideband UE performance, it shall be possible for NR broadcasted signals/channels/info to use wideband resources not decodable by narrowband UEs.
4 Summary and Conclusion
Observation: In LTE, adding support for narrowband UEs required the duplication of many broadcasted signals/channels/info, resulting in >45% broadcasted resource usage in some cases.
Conclusion: In LTE, it would have been advantageous if the legacy broadcasted signals/channels/info could have been decodable by narrowband UEs.
Proposal: To avoid duplication, the NR broadcasted signals/channels/info should be decodable by both wideband and narrowband UEs 

Proposal: To optimize wideband UE performance, it shall be possible for NR broadcasted signals/channels/info to use wideband resources not decodable by narrowband UEs.

5 References

[1]
RP-150492 Rel 13 “LTE physical layer enhancements for MTC”  Rel 13 WID

[2]
GP-140421 “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” ,GeRAN Rel 13 SID
[3]- 
TR 45.820 “Cellular system support for ultra-low complexity and low throughput Internet of Things (CIoT)”

[4]
RP-152284. Rel 13 Narrowband IoT WID

