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[bookmark: _GoBack]At RAN#69 meeting, the “NB-IoT” WI [1] was approved based on the conclusions of the GERAN SI on cellular IoT [2]. In RAN1, there was an evaluation phase until RAN#70 to select the uplink and downlink numerologies that would be standardized. Following the completion of the core part of the work item, anticipated at RAN#72, the industry is beginning to require a reliable, common point-of-reference for the performance of NB-IoT. The existing RAN1 evaluations in R1-157741 (and LS RP-151666) are not suitable for this purpose, as indicated by RAN1 in their LS in RP-160739. This paper discusses the motivation for new evaluations to be captured in a 3GPP TR, how to manage that work in one plenary cycle, and the procedural aspects of how to capture the proposed evaluations.
Discussion
Motivation
As indicated in [2], several candidate technologies, e.g., NB-M2M (Narrow Band M2M), NB-CIoT (Narrow Band Cellular Internet of Things), NB-LTE (Narrow Band LTE) were evaluated during the GERAN CIoT study item. However, the uplink numerologies, as well as the physical- and higher-layer designs discussed at that time are each different to the Rel-13 NB-IoT standard. The GERAN study considered only standalone deployments, whereas RAN has also standardized two additional important operation modes: in-band and guard-band operation. The industry cannot refer to TR 45.820 to demonstrate performance evaluations for Rel-13 NB-IoT.
The RAN WI commenced (in RAN1) with an evaluation phase to select the UL and DL numerologies. The UL options were FDMA+GMSK, and SC-FDMA, where companies selected their own various subcarrier spacings. The DL options were OFDMA, with 15 kHz or 3.75 kHz subcarrier spacing. The details of the physical layer were provided by each company individually, and common simulation assumptions were agreed in RAN1#82bis (October 2015). The evaluations were conducted according to the same metrics as the GERAN SI: cell capacity, latency, UE battery life, device complexity, eNB complexity, and link-level coexistence. The performance of NB-IoT was extensively evaluated in the three operation modes: standalone operation, in-band operation and guard-band operation.
The results and observations coming from the evaluations were endorsed by RAN1 and captured in R1-157741, and sent by RAN1 to RAN in LS RP-151666 for the down-selection of technology options objective in the WID. Many details of NB-IoT, however, were decided later than the results endorsed in R1-157741. So while it can be assumed that the basic observations and trends still hold, some of the results no longer represent the expected performance of NB-IoT as specified in Rel-13. In particular, the agreed UL numerology may have different uplink capacity than the previously evaluated UL options, and the latency for UL exception reports may be different due to the use of UL transmission gaps. Some final designs, such as NPSS/NSSS and NPRACH, had updated evaluations during the WI which can be reflected in the UL exception report latency and UL coverage analysis. 
These differences led RAN1 to send the LS RP-160739, where the WG requests RAN to consider whether to establish a TR to document updated evaluations for NB-IoT based on the Rel-13 specifications. 
It is important for the industry to have an easily-referenced document containing evaluations according to the final NB-IoT design, and 3GPP is the best body to create such a document. The RAN4 TR 36.802 on NB-IoT coexistence is a good start for the purpose of coexistence, but naturally does not include other aspects. The need for such a reference point in the industry is clear when we see requests from ITU-R and other bodies or government agencies for documented numbers. This is limiting the ability for the 3GPP NB-IoT technology to be promoted successfully outside of 3GPP.
We therefore think, following the RAN1 LS, that RAN should establish a short evaluation effort in RAN1, with the results documented in a 3GPP TR for approval as soon as possible, in RAN#73.
What should be evaluated?
The objectives required by the study item are illustrated in Section 4 in TR 45.820. In summary, the performance objectives include coverage, number of connections per cell (i.e. capacity), UE complexity, UE battery life, and latency. The compatibility objectives include co-existence, implementation impact to base station and implementation impact to mobile station. 
It is not necessary to update in RAN1 the coexistence analysis, since this has been conducted during the WI by RAN4. Implementation impacts are also not necessary to update since they are by nature implementation dependent and the WI has already taken care to consider both UE and eNB impacts when agreeing designs.  Therefore, the sections of R1-157741 which need to be updated are:
1. Coverage
2. DL and UL cell connection capacity
3. UL exception report latency
4. UE Battery life

Not all evaluations need to be conducted from a blank sheet. Especially for coverage, many of the analyses in the WI can be re-used practically unchanged because they have been prepared for discussions occurring after agreements were already finalized. The same is true of some parts of the other proposed sections also, e.g. latency for NPSS/NSSS acquisition.
A new TR or update in TR 45.820?
It would be possible to consider an update to GERAN TR 45.820, or creating a new RAN TR.
TR 45.820 is a substantial piece of work, representing great efforts in TSG GERAN, and is already more than 500 pages long. It was an excellent initiation for the work in RAN, but like the RAN1 evaluations, none of the considered designs are actually NB-IoT. It would tend to create confusion to have a new informative Annex containing NB-IoT which is not straightforwardly connected to the rest of the TR. Similar points were raised in RAN1#84bis to the proposal to add link-level coexistence to RAN4 TR 36.802. Additionally, although the simulation assumptions used in RAN1 are very similar to GERAN, they are not the same. Finally, the TR comes from a TSG which is about to be closed, so it may cause confusion in the industry as to the status of an update to a TR in such a case – and it is important that the status of the TR is unambiguous if it is to serve its intended purpose. Overall, we think that a CR to TR 45.820 may not be the best nor clearest way to handle the distinctive nature of Rel-13 NB-IoT.
Instead, a new TR resulting from a new Rel-14 SI led by RAN1 provides the correct TSG and WG, and shows those outside 3GPP the status of the evaluations clearly. The new TR can inherit some sections from TR 45.820, such as section 4 (Objectives) and Section 5 (Evaluation methodology) and the relevant parts of Annex A-F with necessary updates. Such background information is very helpful for the readers to understand Rel-13 NB-IoT evaluations in a single document. The sections containing the detailed work can follow a structure similar to that used in R1-157741.
Suggested timeline
The following table shows the proposed timeline for the evaluations:
	Time
	Actions

	June 13 ~ 16
	RAN#72 approves the NB-IoT evaluation work and a new Rel-14 TR for NB-IoT.

	June 17 ~ 24
	RAN1 email approval of any necessary update of simulation assumptions agreed during the WI (R1-156384 for in-band and R1-156383 for guard-band; standalone re-used GERAN assumptions).

	June 24 ~ August 19
	Email discussion and approval of the evaluations.
This can be taken section-by-section according to the list proposed in Section 2.2, so that companies are focusing on one area at a time. Companies are always welcome to provide inputs on other parts when they are ready. Approximately 1.5 weeks per section is suggested. Efforts can begin first on coverage evaluations, since many of these are ready directly from the WI and this gives time to work on any necessary updated simulations for the other parts. Followed by latency, then capacity, then battery life.
The agreed results are captured in the draft TR by approving TPs.

	August 22 ~ 26
	RAN1 minimum online discussion for any leftover issues and technically endorse the TR.

	Sept. 19 ~ 22
	RAN#73 formal approval of the new TR



Impacts to the existing work items
No impact to the existing work items is expected. The core part of Rel-13 NB-IoT is completed and the specifications are expected to be frozen at RAN#72, whilst the performance part continues in RAN4 only, according to its own schedule. There should be no impact to the start of Rel-14 NB-IoT assuming a handling such as proposed in Section 2.4 is followed, especially considering the reduction in time usage anticipated for Rel-13 maintenance in RAN1#86.
Conclusion
According to the LS from RAN1, the evaluations conducted in RAN1 prior to the standardization of NB-IoT physical layer no longer give a reliable prediction of NB-IoT performance. The industry requires a reliable, common point-of-reference for this purpose. Therefore, we propose establishing a one-cycle SI in RAN1 to write a new TR which captures Rel-13 NB-IoT performance evaluation updates, together with the timeline for the work plan. 
Proposal 1: RAN to establish a Rel-14 study item for one cycle in RAN1 to evaluate Rel-13 NB-IoT as standardized. RP-161060 is provided for this purpose.
Proposal 2: The SI to establish a new TR for the purpose.
Proposal 3: Follow the timeline in Section 2.4 to complete the SI by RAN#73.
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