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1 Introduction
From [1][2], preliminary analysis of NB-PBCH shows that it might take more than 3 seconds to achieve acquisition successful rate smaller than 0.01 @ MCL=164dB for in-band deployment. The contribution analyzes MIB content and provides one simple solution to possibly speed up NB-PBCH acquisition time.
2 Discussion on PBCH decoding across 40-ms borders in eMTC
Enhanced coverage is also addressed in eMTC. To achieve more coverage enhancement, PBCH repetition (in total 5 copies) is adopted in eMTC. Ref[3] contributed that it is possible to perform PBCH decoding across 40-ms borders so that fewer PBCH repetition is necessary to achieve the same acquisition performance. However, the PBCH combining across 40-ms borders considering SFN changes is quite complicated and it needs more TBCC decoder modification. Due to the complexity overhead, it is not preferred to force each eMTC device imbedded such complicated TBCC. In the end, PBCH repetition in total 5 copies is still kept in eMTC specification.

Similarly, NB-PBCH decoding across 640-ms borders in NB-IoT is also possible. However, if the same decoding mechanism is introduced, the complexity overhead is still a serious concern. Therefore, this contribution analyzes MIB content and provides another simpler mechanism for NB-PBCH decoding across 640-ms borders in NB-IoT. 

3 Discussion on NB-PBCH decoding across 640-ms borders in NB-IoT
3.1 Analysis of MIB content
From RP-151397[4], the possible MIB contents are

· System Frame Number (SFN), ValueTag, SIB1 scheduling information, NB-IoT PRB Position, …, and others.
SFN will change per 640-ms (TTI of NB-PBCH). However, many other parameters may not change frequently. It is possible to use those infrequently changing bits for a simple NB-PBCH decoding across 640ms.
Figure 1 shows the concept of the simple mechanism. MIB contents are partitioned into 3 parts, Part_X, Part_Y, and Part_CRC.
· Part_X1 & Part_X2 : infrequently changing bits, assumed X bits. Ex : SIB1 scheduling information

· Part_Y1 & Part_Y2 : frequently changing bits, assumed Y bits. Ex : SFN

· Part_CRC1 & Part_CRC2 : CRC bits, assumed 16 bits.
Due to the property of TBCC, if Part_X1 of TTI1 is identical to Part_X2 of TTI2, Part_X1’ and Part_X2’ will at least have the same (X-6)*3 coded bits. It is noted that “-6” in “(X-6)*3” comes from “constraint length = 7”, and “*3” comes from “1/3 code rate”. These (X-6)*3 coded bits can be soft combined in buffer before TBCC decoder, and there is no need to modify TBCC decoder. Therefore, we have Observation 1 :
Observation #1: Infrequently changing bits of MIB may be simply combined in buffer before TBCC decoder.
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Figure 1. Observation on TBCC encoder output of MIB
The order of MIB arrangement may influence the number of combined bits. As shown in Figure 2, if all infrequently changing bits are collected together, “max{(X-6)*3,0}” bits can be easily combined. However, if infrequently changing bits are not put together, for example they are partitioned into two groups as shown in Figure 2, “max{(Xa-6)*3,0}+max{(Xb-6)*3,0}” bits can be combined. It is noted that
                   max{(X-6)*3,0} >= max{(Xa-6)*3,0} + max{(Xb-6)*3,0},

therefore, it is preferred that all infrequently changing bits are arranged together.

Observation #2: If infrequently changing bits of MIB are arranged together, more encoded bits can be easily combined.
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Figure 2. Observation on different arrangement of MIB
3.2 Performance of NB-PBCH decoding across 640-ms borders in NB-IoT
In this section, simulation is performed to justify the advantage of NB-PBCH decoding across 640ms. In the simulation, Receiver A can combine NB-PBCH within 640ms, but Receiver A does not perform NB-PBCH decoding across 640ms. Receiver B is capable of NB-PBCH decoding across 640ms. Number of bits of MIB with CRC attached is assumed 50. By 1/3 code rate, there are 150 encoded bits. For preliminary analysis, it is assumed there are 33, 66, or 150 encoded bits, which can be combined, respectively for Receiver B. As shown in Figure 3, when taking 1% acquisition failure rate as reference, Receiver A takes 2800ms acquisition time, and Receiver B with parameter “66/150” takes 2300ms acquisition time. There is 18% improvement in acquisition time. Although the number of available combined bits does depend on MIB content, and MIB content is still FFS, this contribution provides preliminary analysis of possible NB-PBCH decoding improvement.
Observation #3: 10% or more improvement in acquisition time is possible with the simple decoding mechanism introduced in this contribution.
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Figure 3. NB-PBCH acquisition performance
4 Conclusion
MIB content of NB-IoT is briefly analyzed and one simple mechanism to improve NB-PBCH acquisition performance is introduced and analyzed. It is found 1x% acquisition time reduction is possible with such simple combining mechanism. In another aspect, if the requirement of acquisition time is fulfilled already, it is possible to reduce the resource usage of NB-PBCH to improve system capacity. In the end, we share three observations we obtained.
Observation #1: Infrequently changing bits of MIB may be simply combined in buffer before TBCC decoder.

Observation #2: If infrequently changing bits of MIB are arranged together, more encoded bits can be easily combined.

Observation #3: 10% or more improvement in acquisition time is possible with the simple decoding mechanism introduced in this contribution.

Proposal #1: Suggest RAN2 to consider to arrange infrequently changing bits of MIB together.
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6 Appendix

More detailed simulation assumptions are provided in this section.

Table 2. Simulation assumption for D-DCI benefit verification
	
	In-band

	LTE system bandwidth
	10MHz

	LTE PRB index for NB-IOT transmission
	10

	eNB transmit power for NB-IOT
	46 dBm shared among LTE and NB-IOT
6dB power boosting for NB-PDSCH is assumed

	Channel model
	TU1

	Antenna config
	DL : 2X1 SFBC

	Reference signals
	CRS has same power whole 10MHz band

CRS has same power as NB-PDSCH

	NB-PBCH
	NB-PBCH subframes uses 11 OFDM symbols

(out of 14 OFDM symbols)

One NB-PBCH subframe per 20ms

	Others
	Real CE

No timing error

No freq error

No CSI-RS

No MBSFN
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