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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
In RAN1#88bis, the following list of techniques was 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
Following the RAN1#89 meeting, the following agreements were made:

· In addition to the techniques for system acquisition time reduction agreed to be considered in RAN1#88bis, the following technique can be considered:
· SI messages
· Accumulation across SI modification periods
In this contribution, we consider the potential techniques for improving system acquisition time.

2 Reducing system acquisition time
Advanced UE implementation techniques

To improve PBCH acquisition times, joint decoding techniques have been shown to be beneficial from a performance perspective.  For example in [2], it is shown that in fading conditions an advanced decoder has a 50th and 90th percentile acquisition time of 0.7s and 1.6s, respectively using PBCH repetitions at MCL = 164 dB.  In addition, due to the relatively short size of the PBCH 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 PSS/SSS acquisition.  For example, in [3] a technique using the superimposition of correlated results from multiple PSS transmission periods is described.  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.

Additionally, there is nothing now preventing UEs from using co-existing NB-IoT synchronization signals to improve system acquisition times.  Whilst there could be additional performance benefits from using enhanced NB-IoT system acquisition signals (e.g. additional bits in the NPBCH to indicate MTC resources as per [4]), it is not clear to us if these are indeed beneficial.
Advantages of using UE based techniques to improve PBCH and PSS/SSS include:

· No loss of system capacity
· PSS/SSS/PBCH Repetitions and/or supporting transmissions, will require spectrum that could otherwise be used for other MTC traffic.

· Only those UEs that need faster acquisition times, e.g. highly mobile devices, are impacted
· Most MTC UEs given are unlikely to need faster acquisition times and so enhancements that impact only those UEs that need the enhanced acquisition times are preferable. 
· Minimal impacts on 3GPP specifications.

Observation 1:    A variety of advanced UE based joint decoding techniques already exist that could be implemented to improve PSS/SSS and PBCH acquisition times.
A previous agreement proposes investigating a:
· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading
Currently the SystemInformationBlockType1-BR includes a value tag, systemInfoValueTag, that indicates if a change has occurred in the SI messages. UEs may use systemInfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid. Additionally, BL UEs or UEs in CE consider stored system information to be invalid after 24 hours from the moment it was successfully confirmed as valid, unless the UE is configured by parameter si-ValidityTime to consider stored system information to be invalid 3 hours after validity confirmation.  
The current value range of the systemInfoValueTag is (0…31), which then allows within either a 24 or 3 hr period (as set by si-ValidityTime), up to 32 changes of SI messages to occur.
In addition, for BL UEs or UEs in CE, a change (0 … 3) of a specific SI message can be optionally indicated by a SI message specific value tag systemInfoValueTag-SI. If systemInfoValueTag included in the SystemInformationBlockType1-BR is different from the one of the stored system information and if systemInfoValueTagSI is included in the SystemInformationBlockType1-BR for a specific SI message and is different from the stored one, the UE shall consider this specific SI message to be invalid.
Hence now, the UE can use SIB1-BR systemInfoValueTag and systemInfoValueTag-SI together.  For example, the UE may see that SI has changed via the systemInfoValueTag, but then determine from the systemInfoValueTag-SI that the change has occurred for a specific SI message that it is not interested in, therefore saving the UE the effort in retrieving all the SI messages again.
In practice, the probability of either SIB1-BR and/or SI messages changing even more than 3 times over a 3 hour si-ValidityTimer period is expected to be low. It is therefore proposed that 2 spare bits in the PBCH be used to provide a simple 4 value combined SIB1-BR and SI valuetag, with a value change period aligned to the si-ValidityTime.  If during a si-ValidityTime period, the eFeMTC UE determines these 2 PBCH bits to be set to their maximum value, then the eFeMTC UE shall rely on legacy methods to determine SIB1-BR and SI changes.
Proposal 1:
2 reserved MIB bits are to be used as a combined SIB1-BR and SI change valuetag.  

DCI format type 6-2, is a compact DCI used to support Paging and also ETWS/SI change.  A variant of this DCI could be regularly broadcast by the network with a periodicity and a search space broadcast in SI. The simplest variant could be based on the existing Direct Indication information DCI [TS36.331, section 6.6] which uses 5 bits to indicate SI/ETWS/CMAS and EAB changes. 
	Bit
	Direct Indication information

	1
	systemInfoModification

	2
	etws-Indication

	3
	cmas-Indication

	4
	eab-ParamModification

	5
	systemInfoModification-eDRX

	6, 7, 8
	Not used, and shall be ignored by UE if received.


Table 1:   Direct Indication information from TS36.331 (Table 6.6-1)
For systems with BWs of 5 MHz or above, DCI format 6-2 is defined to use a minimum of 12 bits (some of which are reserved depending on the DCI usage).  An alternative use of those 12 bits to accommodate an 8-bit enhanced-systemvaluetag, is illustrated below.  The 8-bit enhanced-systemvaluetag could be used to indicate up to 256 changes in SI (including SIB1-BR) over a si-ValidityTime period (24 or 3 hours).
	Bit
	Enhanced Direct Indication information

	1…8
	enhanced-systemvaluetag

	9
	etws-Indication

	10
	cmas-Indication

	11
	eab-ParamModification

	12
	systemInfoModification-eDRX


Table 2:  Enhanced Direct Indication information

Proposal 2:
For systems with BWs greater than or equal to 5 MHz, the network has the option to periodically broadcast a format 6-2 DCI carrying an enhanced-systemvaluetag.
3 Conclusions

In this contribution, we consider potential techniques for improving system acquisition time and make the following observation and proposals –
Observation 1:    A variety of advanced UE based joint decoding techniques already exist that could be implemented to improve PSS/SSS and PBCH acquisition times.
Proposal 1:


2 reserved MIB bits are to be used as a combined SIB1-BR and SI change valuetag.  

Proposal 2:

For systems with BWs greater than or equal to 5 MHz, the network has the option to periodically broadcast a format 6-2 DCI carrying an enhanced-systemvaluetag.
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