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Considerations on the way forward for CIoT
1 Introduction
The Cellular IoT (CIoT) study item [1] has been discussed for one year and multiple solutions have been proposed. Based upon the decision from last PCG meeting [2], TSG GERAN#67 aims to conclude the FS_IoT_LC SI as planned in August, 2015, with conclusions / recommendations for the Clean Slate candidate proposals. 
In the current TR 45.820 three clean-slate solutions have been adopted: NB M2M, NB OFDMA and NB-CIoT. The original proponents for NB M2M and NB OFDMA have agreed to go forward with the converged solution NB-CIoT. 
Based upon the LS from GSMA [3], the sourcing companies believe the right way forward is to follow guidance from GSMA to start normative work on NB-CIoT. It is good to see proponents of NB-LTE acknowledge the need for a clean slate solution that fits within 200 kHz but disappointing that it has been proposed to  3GPP GERAN so so late in the CIoT study phase.. 
In the following sections sourcing companies provide initial response to the justification expressed in [4] for NB-LTE concept.
2 Discussion
2.1 Technology fragmentation
In [4] it is claimed that NB-CIoT would lead to technology fragmentation. However this is not the sourcing companies understanding. The sourcing companies have very clear view from the beginning of the GERAN study that NB-CIoT is to provide a single solution to the low-end IoT market and LTE eMTC is to provide a single solution to the medium-end IoT market. Both of these solutions are complementary with each other and address different market segments and operator needs. It is unclear whether NB-LTE solution is backwards compatible with LTE or eMTC, as it requires new physical layer and access stratum protocols have to be adapted to narrow band physical channel design. Completely using existing LTE access stratum protocol would be very inefficient. This understanding of NB-LTE proposal is enforced by the latency and battery consumption evaluations [7]
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Instead we are confused about this claim in [4] as most of the supporting companies in [4] support different solutions such as EC-GSM and LTE eMTC. In our eyes this would lead to serious market fragmentation by using three solutions. The most confusing part is the relation among eMTC, NB-LTE and EC-GSM solutions: it looks like NB-LTE and EC-GSM are competing with each other to address the same objectives while on the other hand eMTC can well support multiplexing with LTE by certain coverage extension and it is unclear what is the additional value to have this NB-LTE solution compared with eMTC.
In addition from the input from various companies on the very late proposal of NB-LTE, it looks like broadcast channels, synchronization channels, control channels, data channels have to be re-designed and the numerology is different from the LTE numerology. We don’t understand in this case how much similarity is left compared with LTE and it is unclear what specific technical aspects are maintained that are exactly the same as LTE. 
In short it would be good that the concerns on market fragmentation by EC-GSM, LTE eMTC and NB-LTE, and also the relation among LTE, LTE eMTC and NB-LTE can be clarified by these companies.
2.2 Deployment flexibility and scalability
In [4] it was claimed that the NB-LTE can provide more flexible deployment and would have greater scalability. However there is no justification on the feasibility of embedding this NB-LTE into LTE wider carrier. In [5] the sourcing companies provided analysis on this and the conclusion is that it is not feasible to deploy NB-LTE in-band as claimed. 
In addition, the high sampling rate of NB-LTE indicates a potential TX filter impulse response time much longer than the NB-LTE CP length, which will result in performance degradation due to inter-symbol interference. Or if the TX filter design is compromised for lower out-of-band suppression, a wider guard band than NB-CIoT will be required in order to coexist with legacy systems. 
On the other hand the sourcing companies have provided simulations to prove the feasibility of NB-CIoT to co-exist with GSM/UMTS/LTE system, which indeed provides multiple choices to operators. In short, the NB-CIoT solution provides more flexibility than NB-LTE, and NB-LTE is not feasible to have in-band deployment.
2.3 Time to market
Time to market is very important for operators and based on the GSMA LS, the normative work for CIoT shall be completed within Rel-13. In [4] it is claimed that the NB-LTE would be specified in 3GPP and productised quicker than NB-CIoT without any precise evidence. The NB-CIoT solution which has been discussed already for more than one year over 7 meeting cycles is mature and stable; while the NB-LTE proposal is a new concept which has never been discussed in 3GPP. And as explained in Sec 2.1 the NB-LTE proposal requires new design or changes for so many aspects that we do not see it is realistic to have quicker NB-LTE standardization than NB-CIoT. Instead, NB-CIoT is the most mature solution which can have a quicker standardization and can fulfil the time to market requirement from operators.
The RLC and MAC layers of LTE have to be re-designed for NB-LTE, existing RLC & MAC layers are not suitable. Note the proposed NB-LTE design [6] does not support PICH channel hence this implies only one level of acknowledgement supported compared to LTE (which has MAC level acknowledgments as well as RLC level acknowledgements). 
2.4 Use of ASN.1
It is a bit strange that in [4] the use of ASN.1 becomes a solution benefit. ASN.1 and CSN.1 are two different schemes for encoding access stratum messages. For CIoT based on clean slate solution the encoding scheme should be chosen to minimise bandwidth and power consumption and not on familiarity or implementation complexity. Both ASN.1 and CSN.1 has been used in 3GPP for about the same time hence encoders/decoders for both schemes are equally optimised. Therefore selection of ASN.1 or CSN.1 is independent of the clean slate solution. In any case existing LTE RRC messages are not suitable for NB-LTE, new optimised RRC messages have to be defined for NB-LTE.
3 Summary
Based on the above, the sourcing companies believe that the GERAN study shall focus on the current mature candidate solutions captured in TR 45.820 in order to fulfil time to market. 
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