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Discussion and Decision
1 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
At RAN1#88bis, the following list of techniques were agreed for further study:

Reduced system acquisition time
· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered
· Enhancement(s) to NPSS/NSSS 
· Enhancement(s) to MIB-NB 
· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)
· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading
· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission
· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced)
· FFS on other SIBx-NB
· Details of all solutions are FFS
· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks
At the following meeting, RAN1#89, these additional agreements were made:

· Additional transmissions of NPSS/NSSS in subframes other than those used in Rel-13 for in-band, guard-band and standalone are not considered in Rel-15 for an anchor carrier
· FFS: NPSS/NSSS transmission using unused 3-OFDM symbols in existing subframe#5,9 on anchor carrier at least for stand-alone and guard band modes
In this contribution, we consider the potential techniques for improving system acquisition time.

2 Reducing system acquisition time
Per the RAN1#89 agreement, the use of additional repetitions of NPSS/NSSS has been ruled out on the anchor carrier except potentially for the standalone and guardband modes of deployment where additional repetitions could be placed in the 3 ofdm symbol control regions.  
In our view, additional repetitions of the NPBCH on the anchor carrier are undesirable, due to both the:

· Limited capacity available on the anchor carrier. 

· Limited subset of devices/scenarios for which these extra repetitions are useful.
For reasons listed above, we prefer enhancements to improve system acquisition times based on the use of:
· Advanced UE implementation techniques

· A secondary carrier for in-band deployments

Advanced UE implementation techniques

To improve NPBCH acquisition times, joint decoding techniques have been shown [2] to be beneficial from a performance perspective.  In addition, due to the relatively short size of the NPBCH message, joint decoding techniques that only use a small number of successive periods are not expected to add significant complexity to the UE.
Advanced UE based joint detection style techniques can also be used to improve NPSS/NSSS acquisition.  For example, in [3] a technique using the superimposition of correlated results from multiple PSS transmission periods is described, which could be modified for the NPSS.  Also, depending on the final design of the WUS/GTS sleep signal, it may be possible to design UEs to use the WUS/GTS signal to further improve synchronization acquisition times.

Another advantage of using UE based techniques is the minimal impact on 3GPP specifications.
Observation 1:    A variety of advanced UE based joint decoding techniques already exist that could be implemented to improve NPSS/NSSS and NPBCH acquisition times.
Use of a secondary carrier for in-band deployments

Whilst we prefer more advanced UE implementation techniques, we can see that for in-band deployments, having the option to define a non-anchor carrier to improve NPBCH and NB-SIB1 system acquisition times may sometimes be beneficial.  
Proposal 1:

For in-band deployments a non-anchor carrier can be used to support additional transmissions of NPBCH and NB-SIB1.
If a non-anchor carrier is specified to support additional transmissions of NPBCH and NB-MIB, then to provide the network with some degree of flexibility in defining the number of repetitions to be used for NPBCH and NB-SIB1 whilst minimizing additional SI signaling overhead, a simple indexing scheme is proposed.  An example of such an  indexing scheme is provided below, which attempts to ensure:

·   That the network has the option to specify 2 different repetition levels for the additional NPBCH and NB-MIB independently.
·   That additional NPBCH and NB-SIB1 transmissions do not occur in subframes that are potentially reserved for LTE MBSFN traffic (subframes 1,2,3,6,7,8)
·   The network only specifies subframes to be used by a particular transmission type (NPBCH or NB-SIB1) that do not overlap with the corresponding anchor carrier transmission and allow sufficient retuning time to and from the 2 carriers.
	NPBCH and NB-SIB1 Repetition Index
	Additional Transmissions of NPBCH on non-anchor carrier
	Additional Transmissions of NB-SIB1 on non-anchor carrier

	0
	-
	-

	1
	4
	-

	2
	4,5
	-

	3
	-
	0 

in every other radio frame

	4
	-
	0 & 9

in every other radio frame

	5
	4
	0 

in every other radio frame

	6
	4,5
	0 

in every other radio frame

	7
	4,5
	0 & 9

in every other radio frame


Proposal 2:

The network shall be able to configure a non-anchor carrier to support different levels of NPBCH and NB-SIB1 repetitions.
For UEs to benefit from additional transmissions of NPBCH from cold start-up either:

·      the non-anchor carrier is restricted to certain locations allowing the UE to perform blind detection 
·      some form of new signal is introduced on the anchor carrier to indicate the presence and location of a non-anchor carrier.  
In our view, since the presence of a non-anchor carrier supporting faster acquisition times, is likely to be a long term property of the cell, SI should be used to indicate the presence and location of non-anchor carrier transmissions to support faster acquisition times.  
Proposal 3:

For in-band deployments, SI is used to indicate the presence and location of support additional transmissions of NPBCH and/or NB-SIB1 on a non-anchor carrier.

Use of the 3 ofdm symbol control region for standalone and guard band deployments

For standalone and guard band deployments, it has been proposed in [4] that the 3 ofdm symbol control region be used to send additional repetitions/transmissions of NPSS/NSSS and NPBCH.  In a future release, as legacy PDCCH based LTE systems are deactivated, being able to reuse the 3 ofdm symbol region to benefit system acquisition performance may be desirable, but for now it is proposed the 3 ofdm symbol region not be used for adding repetitions for NPSS/NSSS/NPBCH, due to the:

·   In-band performance being the primary concern due to the presence of CRS/legacy traffic 
·   Alternative uses of the 3 ofdm symbol region not being fully studied
Proposal 4:

For stand-alone and guard band deployments, additional transmissions of NPSS/NSSS and NPBCH in the 3 ofdm symbol region, are not considered for Release 15.
3 Conclusions

In this contribution, we consider potential techniques for improving system acquisition time and make the following observations and proposal –
Observation 1:    A variety of advanced UE based joint decoding techniques already exist that could be implemented to improve NPSS/NSSS and NPBCH acquisition times.

Proposal 1:

For in-band deployments a non-anchor carrier can be used to support additional transmissions of NPBCH and NB-SIB1.
Proposal 2:

The network shall be able to configure a non-anchor carrier to support different levels of NPBCH and NB-SIB1 repetitions.
Proposal 3:

For in-band deployments, SI is used to indicate the presence and location of support additional transmissions of NPBCH and/or NB-SIB1 on a non-anchor carrier.

Proposal 4:

For stand-alone and guard band deployments, additional transmissions of NPSS/NSSS and NPBCH in the 3 ofdm symbol region, are not considered for Release 15.
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