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Introduction
In the last RAN plenary, NB-IOT work item [1] were agreed. We provided the contribution "commonality design between eMTC and NB-IOT" [2]. This document elaborates our thinking further.

[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Discussion
In [2], we described possibility commonality design is summarized as the following table and we proposed following.
Proposal 1: On the areas not concluded in eMTC, to have the commonality between eMTC (especially in large repetition case) and NB-IOT should not be precluded.
We'd like to elaborate our thinking in this document.
Table 1. Commonality design between eMTC and NB-IOT
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eMTC of no/small repetition case and large repetition case
We identify the need of rather separate design of eMTC between no/small repetition case and large repetition case. Following table describes the representative difference of large repetition and no/small repetition. Based on such discussion, RAN1 current working assumption is DCI formats received by UE is different between no/small repetition case and large repetition case [4].
Table 1. Difference of the UE behaviour depending on the coverage enhancement 
	
	Large coverage repetition case
	No or small repetition case

	Power control
	Always maximum power.
	Similar to normal UE would be beneficial.

	SRS request
	Maybe not necessary
	It would be useful.

	Aperiodic CSI
	Not necessary
	It would be useful.

	HARQ process
	One or only a few process could be sufficient because of the larger number of the repetitions
	Similar to normal UE would be beneficial in order to keep higher throughput.

	Resource assignment
	For DL, always 6 PRBs may be sufficient in order to reduce wake-up time.
For UL, always 1 PRB may be sufficient in order to have highest PSD.
	For both DL and UL, resource allocation is based on a narrowband index and further a resource allocation within the indicated narrowband.


	Narrowband hopping pattern
	Operated narrowband frequency location is switched per X consecutive subframes to obtain hopping gain and symbol combining/multi-subframe channel estimation gain

X should not be smaller than 4
	One possibility on narrowband pattern design is no frequency hopping to reduce retuning time and improve resource utilization. 
Another possibility is frequency hopping is more often than 4 ms to realize hopping gain for smaller repetitions.



Above difference is mainly coming from following points.
- Large repetition would be usually the repetition period is longer than the period of fast fading. Therefore, there is no need of fast/dynamic scheduling. The scheduling is based on the traffic and path-loss. The frequency domain resource assignment is basically by the semi-static by the pre-determined hopping pattern or constant frequency position.
- For downlink with large repetition, in order to minimize the wake-up period, basically up to all UE capable bandwidth (=1.4MHz, 6 PRBs) are constantly assignment. The scheduling is basically TDM like fashion within those 6 PRBs. For uplink with large repetition, because of the power limitation, constantly 1 PRB assignment is used. There would be no frequency scheduling gain within 6 PRBs.
We see the design of large repetition of eMTC has large commonality with NB-IOT design. We discuss each case separately.

Synch channels (PSS/SSS)
In eMTC, PSS/SSS is reused from legacy channels and it requires 1.4MHz bandwidth capability of UE. NB-IOT UE is only up 180 kHz UE RF bandwidth and new design is required as WID. In [5], if UE does not keep accurate clock, it was analyzed that PSS/SSS reception consumes larger part of the power consumption. If NB-IOT WID design achieves power efficient operation, to reuse NB-IOT PSS/SSS design for eMTC could be also useful.
In NB-LTE, 60ms periodicity of PSS/SSS is proposed [7] and it contains 4 repetitions within 60ms period. We think 40ms or multiple of 40ms periodicity could be more desirable design at least for in-band operation because it would fit better with the periodicity of MBMS subframe bit-map, SIB1 periodicity and eICIC bitmap. In addition, such number would be dividable with SFN periodicity of 10240 milliseconds. This eases wrap-around handling when periodic behaviour is expressed as "SFN modulo periodicity  = offset".

PBCH
In eMTC, PBCH is basically to reuse legacy PBCH. To use spare bit in legacy PBCH for eMTC is under the discussion. It would be used to indicate the transport block size of MTC SIB1, the time/frequency location of MTC SIB1 and the support of eMTC. PBCH is 6 PRB bandwidth and not capable to be received by NB-IOT UEs. Therefore, separate design is required for NB-IOT. We envisage NB-IOT PBCH would be used for the time/frequency location of NB-IOT SIB1. This may be used for the distinction between in-band or standalone design operation. Note that we envisage guard band operation is realized by either in-band design or standalone design [9].

System information (SI) except PBCH
In eMTC, system information is realized by modified/simplified legacy system information. After PBCH reception, the time/frequency location of MTC SIB1 is known. MTC SIB1 would indicate which subframes can be used for eMTC (= valid subframes) and the scheduling information of the remaining system information. Therefore, system information other than MTC SIB1 is scheduled semi-static manner by MTC-SIB1 including the number of the repetition. In order to reduce the wake-up period, full 6 PRBs (1.4 MHz) are assumed to be used. We think basically the same design would be possible between eMTC and NB-IOT except 1.4 MHz or 180 kHz bandwidth difference. In addition, if the cell supports both NB-IOT and eMTC, the same SIs are used by both MTC UEs and NB-IOT UEs are possibility. This can reduce the resource overhead consumed by system information. This would be possible by eMTC SIB is transmitted by 1 PRBs.
In eMTC, up to 1000 bits system information design is supported and this is turbo encoded. Coding rate of such TBS is higher than 1 if 1ms is used as the unit to count the coding rate. It has the merit of the coding gain and reduced overhead. The evaluation result is in [6].

DL control channels (M-PDCCH) and DL traffic (PDSCH)
In NB-LTE [7], time expansion principle, where 6 PRBs in frequency domain is mapped to time domain, is described. In eMTC, we envisage the repetition periodicity of M-PDCCH and PDSCH is configurable by system information instead of only to support 6 times repetition. We propose the similar principle is applied also to M-PDCCH and PDSCH of NB-IOT. Therefore, the number of the repetition is not limited to 6 times.
The merit of semi-static configurable number of repetition is to adjust the maximum number of the repetition based on the following conditions.
- Target deployment coverage (the required amount of the coverage extension varies depending on the deployment plan/cell)
- Reuse 1or reuse 3 frequency planning (frequency reuse 3 reduces the amount of bits in a certain period and more repetitions are required.)
- Operation of hopping (hopping can reduce the amount of the repetition by frequency diversity by the order of 1/2 to 1/4).
- Antenna deployment (single antenna deployment requires more repetitions than multiple antenna deployment because of the lack of diversity).
- The difference of potential two numerology options (e.g., between 15 kHz and 3.75 kHz sub-carrier spacing in downlink)
- The difference of PSD boosting

The M-PDCCH search space design for large repetition case is not determined completely in eMTC. In [8], for large repetition case, tree like search space design is proposed. In tree like search space design, during the repetition of larger repetition, shorter repetition number can be started as shown below. We think the same design except the bandwidth is applied to NB-IOT (e.g., 180 kHz) as well would be reasonable. It could be also agnostic to subcarrier spacing and the number of physical channel bits in 1ms. 
[image: ]
Figure 1 Tree like search space design
For the coding, similar to system information, if required TBS is large, to transmit larger TBS would be more efficient than separate small transmissions. Such larger TBS handling is desirable for software update of NB-IOT UEs, although it slightly increases the complexity of NB-IOT. The amount of the complexity increase would be less than release 99 WCDMA support of turbo decoder. The long-term life cycle cost reduction of NB-IOT by software upgradable function would be quite important to reduce the operation cost.

UL traffic (PUSCH)
Similar to downlink discussion, the configurable number of the repetition would be important than fixed 6-PRB time expansion from NB-LTE. By such number of configurable number of the repetition, the difference of the physical number bits within 1ms can be adjustable caused by following.
- The physical number of bits difference between 15 kHz subcarrier spacing of eMTC and narrower bandwidth transmission like 5 kHz subcarrier spacing.
- The physical number of bits difference between SC-FDMA of potentially shorter CP length for inband design and GSMK/FDMA of longer CP length for standalone deployment.
By such configurability of repetition number, the difference of two options (FDMA with GMSK modulation and SC-FDMA) is limited to only physical layer modulation part.

PRACH
Similar to PSS/SSS discussion, NB-IOT requires separate design from eMTC on PRACH because NB-IOT UE is limited to 180 kHz RF bandwidth. If good design is finalized in NB-IOT, to reuse NB-IOT design for eMTC would increase the amount of power boosting, although timing detection accuracy needs to be careful discussion.

Conclusion
This document discussed Commonality design between eMTC and NB-IOT. We propose following.
Proposal 1: On the areas not concluded in eMTC, to have the commonality between eMTC (especially in large repetition case) and CIOT should not be precluded.
Proposal 2: Periodicity of synchronization channel is 40ms or multiple of 40ms for the commonality with in-band design and legacy LTE.
Proposal 3: Semi-static configurable number of the repetition for MPDCCH/PDSCH/PUSCH should be supported.
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is mainly determined by the strict spectrum mask requirement.




