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One of the objectives of the new Release 15 WI proposal on Even Further Enhanced MTC for LTE [1], is the reduction in the system acquisition time:
Improved latency:
· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
In this document, we discuss various techniques that could be specified to reduce system acquisition times.
Discussion
In release 14, a RAN4 LS [2] to RAN1 identified the following issues with system acquisition time:
· Observation 1:  The UE is required to acquire the MIB of the target cell during handover procedures.  This increases handover delay significantly for UE Cat-M1 CE Mode B.

· Observation 2:  It is the RAN4 understanding that the acquisition delay of the MIB and SIB1-BR in CE Mode B may become greater than or equal to the SIB1-BR modification boundary, and the UE may have to re-acquire the MIB.

The LS response [3] from RAN1 to RAN4 suggested the following techniques for reducing SI acquisition times:
· Cross-subframe channel estimation
· Enhanced SIB1-BR accumulations
· This aspect is expected to be confirmed by RAN2 WG.
· Additional repetitions of PBCH and/or advanced PBCH decoding techniques across multiple 40ms windows
· Such enhancements could be considered for future releases.

1. 
2. 
PBCH Acquisition Time
In addition, Intel identified in [4] that for delay sensitive VoLTE in CeModeA that: 
“For the connected state, the potential enhancement should aim to reduce the handover interruption time for CE Mode A to be within the conversational voice requirement.”  
In the same paper, it is proposed that additional PBCH repetitions in subframes #4 or #5 or both, are sent to improve the PBCH acquisition time.  Such a technique would be simple for Release-15 UEs to implement but would require system SF capacity dedicated to an enhancement technique that other pre-Release 15 eMTC UEs cannot take advantage of and which many eMTC UEs may not even need due to their low mobility and delay tolerant applications.  In addition, given that RAN2 has confirmed that a relaxed delay budget VoLTE is acceptable [5], it is not clear there is still a need to improve PBCH acquisition specifically for eMTC CE Mode A VoLTE services.
The joint decoding detection methods for improving PBCH acquisition times (discussed in [6] and [7]), are preferable to defining additional PBCH repetitions, since they do not impact system capacity and only need to implemented on the subset of UEs requiring faster PBCH acquisition times.
Proposal 1:	For improving PBCH acquisition times, joint decoding techniques across multiple 40ms windows can be used.
SI Acquisition Time
In [8], PDSCH performance results for Rel-13 BL/CE UE with 100Hz residual frequency error are provided. These results show that PSD boosting can reduce the number of required repetitions significantly. 
Table 1 from [8], summarizes the approximate number of required repetitions to reach 10% BLER. Two additional techniques have been considered – CRS boosting alone and CRS+PDSCH boosting. For the PDSCH, it is seen that CRS boosting can be effectively used to lower the number of required repetitions. Boosting of the PDSCH can also improve performance significantly. Since only QPSK modulation will be used for PDSCH transmission in coverage-limited scenarios, the UE does not need to know the PSD boosting level. 
[bookmark: _Ref416181416]Table 1. Approximate number of required repetitions for various techniques (10% BLER, EPA 1 Hz, 100Hz residual frequency error, 2Tx-1Rx).
	Target MCL (dB)
	Required Repetitions

	
	2Tx – 1Rx

	
	Multi-SF Ch. Est (2SF) + Freq Hopping
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + 6dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB PDSCH+CRS Boosting

	143.7
	3
	3
	2
	2

	149.7
	16
	12
	10
	8

	155.7
	140
	80
	64
	40


Based on the results shown, it can be observed that cross-subframe channel estimation and PSD boosting can be used to reduce the number of required repetitions. PSD boosting is already supported as part of implementation although the power control dynamic range is limited (e.g. up to 3dB for PDSCH when QPSK or 16-QAM is used). Thus, it might be beneficial to consider whether the range can be expanded. Note that, in this case PDSCH PSD boosting is done by nulling out other PRBs not used for BL/CE UEs. Thus, there is a loss in capacity for this technique. 
Observation 1: 	CRS and PDSCH PSD boosting can reduce the number of required repetitions for SI messages significantly.
Defining additional SI-msg repetitions is another method that could be used to improve SI acquisition times.  SI-messages are currently scheduled in such a way that they do not overlap in time.  Note for non-BL/CE UEs this constraint was originally driven by the limitation of having only one SI-RNTI.  To maintain backwards compatibility without comprising the SI-window/repetitions options used for legacy eMTC devices, additional repetitions could potentially be scheduled by SIB1-BR in separate narrowbands at separate times (e.g. overlapping in time but not frequency with the previous SI-window).  
Proposal 2:  	For PDSCH used for SI messages, additional repetitions in different narrowbands, can be scheduled by SIB1-BR.
Currently SIB1-BR includes a 5-bit value tag, the 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.  BL UE or UE in CE considers 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.
Currently for the UE to use the systemInfoValueTag to determine if it needs to reacquire other SI messages, it needs to first acquire SIB1-BR.   New schemes that allow the UE to receive an alternative systemInforValueTag without acquiring SIB1-BR could greatly reduce the frequency that the UE is required to fully reacquire SI.  Possible schemes for transmitting this new pre-SIB1-BR systemInfoValueTag include:
· Using spare values in the current PBCH  
· NB-IoT already does this
· This is highly unlikely due to shortage of spare values.
· Using a predefined SF (or SFs) to transmit a new eMTC style PBCH
· Using 1 or 2 SFs specifically to send this new systemInfoValueTag is considered more beneficial than sending additional repetitions of the PBCH 
· Sending a compact DCI in a predefined CSS, that includes the system value tag 
· The DCI would itself carry systemInfoValueTag (i.e. direct indication).
Proposal 3:	A UE can determine if it needs to reacquire SI from a new periodically broadcast systemInfoValueTag that can be received by a UE without having to acquire SIB1-BR. 
In addition to systemInfoValueTag, in NB-IoT ab-Enabled is also transmitted on the NPBCH. This parameter tells the UE whether access barring is enabled so that the UE knows whether to acquire SystemInformationBlockType14-NB before initiating RRC connection establishment or resume. It can be considered whether this parameter can also be introduced for eMTC and transmitted together with the periodically broadcast systemInfoValueTag. This can save acquisition time if the systemInfoValueTag transmitted on the new periodically broadcast channel is modified to be common to all SIBs other than MIB, SIB14, and SIB16. 
Conclusions
In this contribution, from our discussions of various techniques that could be specified to reduce system acquisition times, we have the following observations and proposals:
Observation 1: 	CRS and PDSCH PSD boosting can reduce the number of required repetitions for SI messages significantly.
Proposal 1:	For improving PBCH acquisition times, joint decoding techniques across multiple 40ms windows can be used.
Proposal 2:  	For PDSCH used for SI messages, additional repetitions in different narrowbands, can be scheduled by SIB1-BR.
Proposal 3:	A UE can determine if it needs to reacquire SI from a new periodically broadcast systemInfoValueTag that can be received by a UE without having to acquire SIB1-BR. 
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