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[bookmark: OLE_LINK16][bookmark: OLE_LINK15]Introduction
One of the objectives of the new Release 15 WI proposal on Further NB-IoT enhancements [1], is the reduction in the system acquisition time:
Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (at least MIB-NB) acquisition performance, for all operation modes

In this document, we discuss methods for improving the PBCH acquisition time. 
Discussion
[bookmark: _GoBack]In release 14, a RAN4 LS [5] to RAN1 identified the following issues with system acquisition time:
Observation 1: 	It is RAN4 understanding that the acquisition delay of the MIB-NB and SIB1-NB may become greater than or equal to the SIB1-NB modification boundary, and then the UE may have to re-acquire the MIB-NB.

Observation 2: 	Since the SI acquisition delay values for NB-IoT in Table 1 are derived from baseband only simulations, the inclusion of RF impairment margin is expected to increase the delays for both coverage conditions.

The LS response [2] from RAN1 to RAN4 suggested the following techniques for reducing SI acquisition times:
· Cross-subframe channel estimation
· Enhanced SIB1-NB accumulations
· This aspect is expected to be confirmed by RAN2 WG.
· Additional repetitions of PBCH and/or advanced PBCH decoding techniques across multiple 640ms windows
· Such enhancements could be considered for future releases.

1. 
2. 
PBCH Acquisition Time
In [3] it is proposed that: 
· “The NPBCH coverage should be enhanced and acquisition delays reduced by support of additional repetitions of NPBCH in Rel-14 eNB-IoT.
· Consider additional NPBCH repetitions in at least subframe #9 or subframe #4 in every odd radio frame. 
Such a technique would be relatively simple to implement but would require system capacity dedicated to an enhancement that other pre-Release 15 UEs cannot take advantage of and also depending on how it is defined (e.g. a higher layer parameter in SIB), maybe limited to procedures other than initial access.
An alternative technique to improve NPBCH acquisition times is described in [4].  This joint decoding technique takes advantage of systematic changes in the PBCHs received in consecutive 640ms periods, to improve the acquisition performance. Since this method does not impact system capacity and only needs to be implemented on the subset of UEs requiring faster NPBCH acquisition times, it is considered preferable to the alternative technique of adding additional NPBCH repetitions.
Proposal 1:	For improving PBCH acquisition times, joint decoding techniques across multiple 640ms windows are used.
Conclusions
In this contribution, we have discussed two methods for improving PBCH acquisition times, and propose the following:
Proposal 1:	For improving PBCH acquisition times, joint decoding techniques across multiple 640ms windows are used.
References
[1]		RP-170582		New WID on Further NB-IoT enhancements						Huawei, HiSilicon, Neul
[2]		R1-1704068		LS reply on NB-IoT SI acquisition delay			 				RAN1  RAN4, RAN2
[3]		R1-1702707		On improving SIB/MIB acquisition time in eNB-IoT 			Intel Corporation
[4]		R1-1701895		On the performance of MIB-NB and SIB1-NB acquisition		Ericsson
[5]		R1-1701571		LS on eNB-IoT SI acquisition delay								RAN4  RAN1, RAN2



