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Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design. 

1.2
Reason for change

As described in [3] the evaluation of the Narrowband LTE (NB-LTE) has motivated and provided a conclusion for that candidate solution. The related conclusion is missing in the TR [2], and needs to be added.
1.3
Summary of change

The conclusion for the Narrowband LTE (NB-LTE) is added to the TR 45.820 [2].
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Summary and overall conclusions

9.1
Compliance with the objectives 

In the tables below the compliance to the objectives set by the study is summarized. 
Table 9.1-1 Summary of compliance with performance objectives.

	Performance

Objective
	Candidate technique

	
	NB-LTE
	Candidate technique n+1

	Improved indoor coverage (see  4.1.1)
	Compliant
	

	Support of massive number of low throughput devices (see  4.1.2)
	Expected to be fulfilled 
	

	Reduced device complexity (see  4.1.3)
	Compliant
	

	Improved power efficiency (see  4.1.4)
	Compliant
	

	Latency (see  4.1.5)
	Compliant
	


Table 9.1-2 Summary of compliance with compatibility objectives.

	Compatibility

Objective
	Candidate technique

	
	NB-LTE
	Candidate technique n+1

	Co-existence with GSM/UMTS/LTE (see  4.2.1)
	Expected to be fulfilled 
	

	Impact on GSM/EDGE BTS hardware (see  4.2.2)
	Inconclusive/FFS
	

	Impact on MS (see  4.2.3)
	Compliant
	


	Colour code

	Compliant 
	Expected to be fulfilled
	Inconclusive/FFS
	Not compliant


Guidance: For “Expected to be fulfilled” and “Inconclusive/FFS” additional explanation is expected to be provided in the above tables. 

9.1.x
NB-LTE

One of the candidate techniques that have been proposed for the FS_IoT_LC study is “Narrowband LTE” (NB-LTE). The evaluation of the solution indicates that it fulfils, or is expected to fulfil, all the objectives of the study with one exception for the impact on legacy GSM/EDGE BTS hardware:

-
The performance evaluations show that NB-LTE achieves the maximum coupling loss (MCL) aimed at by the study, 164 dB, with an output power level of the device at 23 dBm.

-
The use of OFDM based schemes for uplink and downlink ensures efficient use of radio resources where a cyclic prefix, instead of guard bands, secures orthogonality between and tight packing of subcarriers. Furthermore, it is envisaged that full frequency re-use can be supported by the technology. Indications of system capacity have been provided based on simulations. It has also been shown that the random access preamble capacity can easily cater for the load, i.e. arrival rate, generated according to the specified traffic model. Although these simulations did not follow all agreed common assumptions, it provides an indication that the objective of a scalable system that supports a massive number of devices is expected to be fulfilled.

-
An analysis of the expected die size [9.1-1] indicates a silicon area on par with the die size expected for NB CIoT and smaller than the GPRS references presented in section 7.3.6.5.4. The latter is facilitated e.g. by the possible integration of the 23 dBm PA onto the SoC. The objective on overall reduced device complexity is therefore considered fulfilled.
-
NB-LTE reaches or exceeds the battery target of 10 years for almost all evaluation points, i.e. except for “GPRS reference cases +20 dB with more frequent reporting” and “GPRS reference cases +10 dB with more frequent reporting and larger packet size”.

· NB-LTE maintains the numerology of LTE for the downlink and is based on the same CRS structure. Hence, the NB-LTE carrier will coexist with legacy systems GSM/WCDMA/LTE just as LTE today. In the uplink NB-LTE uses a reduced subcarrier spacing as compared to LTE. LTE since its introduction already has two different subcarrier spacings in the uplink, one for PUSCH and one for PRACH. Thus, we do not expect the reduced NB-LTE uplink subcarrier spacing to create a new coexistence issue. It is further foreseen that NB LTE, just as NB CIoT, will be able to provide sufficient ACLR and ACS to operate in co-existence with GSM, WCDMA and together with LTE. 

-
The NB-LTE solution can meet the 10 second latency target of delivering an exception report for the different investigated coverage conditions.

-
The commonalities of NB-LTE with existing LTE are considered as a great advantage in terms of standardization effort, in product development, in inter-operability tests, in product compliance certification, and in system operation and management. These factors will reduce the overall costs of deploying and maintaining a NB-LTE system as well as the time to make the solution globally available. 

-
NB LTE is primarily targeted to be deployable on LTE and Multi Standard Radio (MSR) base stations. Deployment on legacy GSM/EDGE-only base stations is dependent on the capabilities of the base station.
-
In terms of deployment scenarios, NB-LTE well exceeds the required cell radius requirement on 35 km by supporting a cell size of 60 km. Also, considering the design commonalities with LTE, and the very limited bandwidth operation compared to current LTE deployment NB-LTE will be deployable on MSR capable hardware.
9.2
Conclusions

Editor's note:  To be based on the input in table 9.1-1 and 9.1-2.

	Next modification


Annex H: Bibliography

[6.2-1]
GP-020645, "Discussion paper – Fixed Allocation", source Nokia. GERAN#9.

[6.2-2]
GPC150064, "EC GSM – EC-SCH design, performance and mapping", source Ericsson LM, GERAN1 Adhoc#1 on FS_IoT_LC

[6.2-3]
GP-140603, "GSM Evolution for cellular IoT – BCCH overview", source Ericsson LM. GERAN#63.

[6.2-4]
GP-150208, "EC-GSM, EC-SCH design, performance and mapping", source Ericsson LM, GERAN#65

[6.2-5]
GPC150089, "EC-GSM, FCCH overview", source Ericsson LM, GERAN1 Adhoc#1 on FS_IoT_LC

[6.2-6]
GPC150437, "EC-GSM, Network synchronization with alternative EC-SCH design (update of GPC150198)", source Ericsson LM. GERAN#65.
[6.2-7]
GP-150155, "EC-GSM, Performance evaluation - Coverage improvement target", source Ericsson LM, GERAN#65. 
[6.2-8]
GPC150064, "EC-GSM, EC-SCH design, performance and mapping", source Ericsson LM. GERAN Ad Hoc #1 on FS_IoT_LC.

[6.2-9]
GP-150140, "EC-GSM, Sensitivity to carrier frequency offset", source Ericsson LM. GERAN#65.
[6.2-10]
GP-150429, "EC-GSM, On the impact to legacy GSM/EDGE Base stations", source Ericsson LM, GERAN#66.

[6.2-11]
GP-150355, "EC-GSM, Overlaid CDMA for extended coverage", source Ericsson LM. GERAN#66.

[6.2-12]
GP-150139, "EC-GSM, Incremental redundancy and chase combining" source Ericsson LM. GERAN#65.

[6.2-13]
GPC150485, “EC-GSM, Simulation Results for Coexistence with GSM (update of GPC150445)”, source Ericsson LM. GERAN Ad Hoc #3 on FS_IoT_LC.

[8.3.1-1]
GP-150496, " NB M2M - Evaluation of Transmission Efficiency (update of GPC150153)" source Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd. GERAN#66.

[6.3-1]
Militzer, Burkhard, et.al.,  “Evolutionary search for low autocorrelated binary sequences”,  Evolutionary Computation, IEEE Transactions, Vol. 2, 1998.
[9.1-1]
GP-150699, “Narrowband LTE (NB-LTE) Cost/Complexity”; Sierra Wireless, S.A.; GERAN#67; August 10th to 13th, 2015; Yin Chuan, China
	End of modifications


3GPP


