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Introduction
The recent study in RAN4 has showed that the delay of acquiring the MIB and SIB1 in eMTC may become greater than or equal to the SIB1 modification boundary, and then the UE may have to re-acquire the MIB [1]. The acquisition latency could be very long especially when the device is in deep coverage or when the device is acquiring the system information from neighbor cells. This contribution discusses some enhancements to shorten the system information acquisition time for eMTC by using NB-IoT signals.
In RAN1 #90bis the following was agreed for simulation assumption for cell search and/or system information acquisition improvement [2]: 
[bookmark: _Hlk498528218]Agreement:
· Additional assumptions that can be used for evaluation of improved cell search and/or system information acquisition performance for UEs with apriori information (on top of the assumptions for evaluation of reduced system acquisition time already agreed in R1-1706583):
· Carrier and cell are assumed to be known to the UE.
· The system information is assumed to be unchanged.
· UE power consumption model from the power saving signal evaluation assumptions in R1-1714992
· RTC timing drift model from the power saving signal evaluation assumptions in R1-1714992
· Scenarios B and C from the power saving signal evaluation assumptions in R1-1714992
· Further scenario D: 4-hour Power Saving Mode (PSM)
· Additional evaluation metrics that should be reported if the proponent of a proposed solution think they are relevant and significantly impacted by the proposed solution (on top of the metrics listed in R1-1706583):
· Performance impact on legacy UEs
· UE power consumption impact
· Inter-cell interference sensitivity
· Additional assumptions that are used in the evaluation should be declared.

Reduce acquisition time based on NB-IoT sync signals
	eMTC relies on the Rel. 8 synchronization signals e.g., PSS/SSS for time and frequency synchronization. PSS/SSS occupies the center 6 resources blocks and two OFDM symbols. One way to shorten the synchronization signal acquisition time is to power-boost the PSS/SSS. However, PSS/SSS are not amenable to the power boost, since they only use 2 OFDM symbols and thus power boosting by e.g. 6 dB would require grabbing power from 18 PRBs in only these two symbols. Furthermore, the MIB TTI is also 40ms e.g., MIB changes every 40ms. Although additional repetitions were added in Rel-13 for eMTC, these may not be enough to achieve satisfactory performance.
On the other hand, for NB-IOT, NB-PSS/NB-SSS using 11 OFDM symbols in 1RB are designed for lower SNR. The MIB TTI is extended to a much longer periodicity (640ms), which allows soft combining of a higher number of repetitions. In addition, they are also better for power boosting e.g., we can achieve 6dB power boosting by taking energy from 3 additional RBs. 
Observation 1: Synchronization signals and PBCH for NB-IoT are more amenable to operating in low SNR conditions due to ease of power boosting and longer TTI.
	In [2] a similar objective to improve acquisition time for NB-IoT is agreed. In our view, it would be beneficial to design a single acquisition signal/channel that would apply to NB-IoT and eMTC. This would reduce specification effort in RAN1, and would also reduce overhead for operators deploying both eMTC and NB-IoT. Note that if we introduce enhancements for eMTC and NB-IoT in a backwards compatible manner, the only way to enhance acquisition is by adding additional repetitions or denser signals, which in turn will increase the overhead. If instead of transmitting both eMTC and NB-IoT sync signals an eNB transmits only one of them, the overhead is automatically reduced. Also, from implementation perspective, NB-IoT has lower complexity than eMTC. As a result, an eMTC UE should be able to implement NB-IoT without additional cost. In Figure 1 we depict one particular example on how the NB-IoT signals can be exploited by an eMTC UE by adding SIB1-BR scheduling information to the NB-IoT MIB. In another option, the UE can just by implementation detect the NPSS/NSSS/NPBCH and then move to decoding regular PBCH.



Figure 1 Example of using NB-IoT signals to acquire the eMTC cell. The PSS/SSS/PBCH are replaced by NPSS/NSSS/NPBCH, and after that SIB1-BR is decoded

Proposal 1: Allow an eMTC UE to use NPSS/NSSS/NPBCH to access a cell.
· Option 1: No additional information in NB-MIB related to eMTC
· Option 2: NB-MIB signals the scheduling of SIB1-BR
· Other enhancements (if any) should target the same MCL as NPSS/NSSS/NPBCH

About the implementation of this proposal, we consider two cases:
1) The cell supports both eMTC and NB-IoT: In this case, the cell can transmit NPSS/NSSS without any changes, since there is no risk of “confusing” legacy UEs.
2) The cell supports eMTC but not NB-IoT: To avoid unnecessary power consumption increase in legacy NB-IoT UEs, the transmitted “NPSS” should not be confused with the “legacy NPSS”. One simple way to enable this is to use a different cover code and/or different cyclic shift for NPSS such that the correlation between both is minimized

Proposal 2: For eMTC using NPSS/NSSS/NPBCH, consider the following two cases:
· Cell supporting eMTC and NB-IoT, which uses NPSS/NSSS without any change.
· Cell not supporting NB-IoT, which uses a scrambled version of NPSS with a different cover code. In this case, Option 2 in proposal 1 can be implemented.

For option 2, since this feature is expected to be used in scenarios in which large coverage is expected (for normal coverage there is no need to use the NB-IoT signals), a subset of the SIB1-BR configurations can be signaled to reduce the number of MIB-NB bits that are used. For example, out of the options signaled in Table 1, only the highlighted ones would be needed (total of 7, so 3 bits are needed).

Table 1 Possible configurations for SIB1-BR
	Value of schedulingInfoSIB1-BR-r13
	Number of PDSCH repetitions

	0
	N/A

	1
	4

	2
	8

	3
	16

	4
	4

	5
	8

	6
	16

	7
	4

	8
	8

	9
	16

	10
	4

	11
	8

	12
	16

	13
	4

	14
	8

	15
	16

	16
	4

	17
	8

	18
	16

	19-31
	Reserved



Proposal 3: Consider signaling a subset of the SIB1-BR configurations (e.g. only the ones with 16 repetitions)
Additionally, the UE needs to know the LTE carrier bandwidth (the UE only obtains the distance with respect to the center, but not the actual bandwidth). Although the number of bits to signal the system bandwidth is 3 (due to the 6 possible LTE bandwidths), the following simplifications can be made:
· From crs-SequenceInfo we can derive whether the number of PRBs is odd or even.
· 1.4MHz in-band is not supported in NB-IoT
· Many of the entries are only applicable to one bandwidth. For example, if the bandwidth is even and the PRB index is “-46”, then the cell is 20MHz wide

In Table 2 we show the complete set of CRS-SequenceInfo with all the possible bandwidth values for each entry. We observe that, for the case of even number of PRBs, there are only 2 possible bandwidths for each entry. For the case of odd number, there are some entries that have 3 values (highlighted in cyan in the table). We propose to downselect between the following two options:
1) Include a 1-bit indication in NB-MIB to signal two possible bandwidths for each CRS-SequenceInfo value.
a. For the case of {6,7}, disallow one of the 3 options.
2) For each of the CRS-SequenceInfo, fix in the specification the bandwidth the UE shall assume for SIB1-BR decoding
a. For example, the bandwidth in bold in Table 2 can be selected.

Thus, the total overhead for in-band is 3-4 bits depending on the selected option.
Table 2 CRS-SequenceInfo and possible bandwidth values
	eutra-CRS-
SequenceInfo
	

E-UTRA PRB index for odd number of 
	dl-Bandwidth
	Raster offset
	eutra-CRS-
SequenceInfo
	

E-UTRA PRB index for even number of 
	dl-Bandwidth
	Raster offset

	0
	-35
	75
	-7.5 kHz
	14
	-46
	100
	+2.5 kHz

	1
	-30
	75
	
	15
	-41
	100
	

	2
	-25
	75
	
	16
	-36
	100
	

	3
	-20
	75
	
	17
	-31
	100
	

	4
	-15
	75
	
	18
	-26
	100
	

	5
	-10
	75/25
	
	19
	-21
	100/50
	

	6
	-5
	15/25/75
	
	20
	-16
	100/50
	

	7
	5
	15/25/75
	+7.5 kHz
	21
	-11
	100/50
	

	8
	10
	75/25
	
	22
	-6
	100/50
	

	9
	15
	75
	
	23
	5
	100/50
	-2.5 kHz

	10
	20
	75
	
	24
	10
	100/50
	

	11
	25
	75
	
	25
	15
	100/50
	

	12
	30
	75
	
	26
	20
	100/50
	

	13
	35
	75
	
	27
	25
	100/50
	

	
	
	
	
	28
	30
	100
	

	
	
	
	
	29
	35
	100
	

	
	
	
	
	30
	40
	100
	

	
	
	
	
	31
	45
	100
	




Proposal 4: For in-band operation with same PCI, it is necessary to get the LTE system bandwidth in order to decode SIB1-BR. Consider the following options:
· Option 2.1: Fixed location per bandwidth (no additional signaling)
· Option 2.2: Each eutra-CRS-SequenceInfo-r13 can belong to at most two different bandwidths (use 1 bit to signal this). 

For other inband cases (different PCID) the amount of information to convey would be too large (PCID of LTE cell), so we propose not to support this feature for different PCI. For standalone there is no need to support this feature, since there is no LTE carrier associated with the NB-IoT carrier.
Proposal 5: For standalone operation and in-band different PCI, this feature is not supported.
For guard-band operation, we can support this feature if we assume the following:
· The PCID of guard band NB-IoT carrier and LTE carrier are the same
· There are a limited number of NB-IoT guard-band configurations per bandwidth value.

Thus, the total number of combinations should not be exceedingly large.
Proposal 6: For guard-band operation, use part of the spare bits (3) to signal where is the center of the LTE cell by standardizing a subset of the possibilities.

Reduce acquisition time based on new sync signal
A new synchronization signal has been considered to reduce the acquisition time, e.g., RSS [4]. Whether a new periodic sync signal is needed should be discussed in different scenarios. 
In case of DRX only, the UE wakes up after light sleep. Although there is time drift, the time uncertainty is within a range less than one symbol, e.g., 12.8us for Scenario A and ~51.2us for longest DRX assuming 5ppm (with detailed assumption in Appendix). In such case, there is no need to do searching for acquisition. Therefore, we don’t need any new synchronization signal (e.g., RSS) in this case.
In case of eDRX, the UE wakes up after deep sleep. According to the RAN1 assumption [2], the time uncertainty due to time drift Tdrift_deep is much longer, e.g., 0.41ms for Scenario B, 6.55ms for Scenario C and ~52ms for longest eDRX cycle assuming 20ppm. For Scenario D of PSM with 4 hours, as agreed in [2], the time drift is 288ms. Because of large timing error, the UE requires to do acquisition by searching PSS/SSS. If we introduce a new periodic re-synchronization signal (RSS) for eMTC for cell search and acquisition, the burst transmission with long periodicity is preferred to keep low overhead. For example, the length of this new sync signal for acquisition is approximated as Tdrift_deep+(legacy acquisition time)*β0, where Tdrift_deep is timing error and the legacy acquisition time is the acquisition duration based on legacy PSS/SSS and β0 is the weighting factor to reduce the acquisition time based on new sync signal. For eMTC, β0 is 3.6% assuming the burst transmission instead of the distributed transmission of one pair of PSS/SSS per 5ms. Table 3 summarized the legacy acquisition time and the corresponding length of the new sync signal when MCL=144/154/164dB for Scenario B/C/D, respectively. 
[bookmark: _Hlk498684399][bookmark: _Hlk498684442][bookmark: _Hlk498684482]The deep coverage of high MCL requires very long acquisition time, e,g, 2s for MCL=154dB and ~8s for MCL=164dB. The UE after deep sleep only relies on one-shot detection of the new sync signal before WUS detection per PTW in the eDRX cycle due to long periodicity. Therefore, Tdrift_deep before detection the new sync signal is accumulated at least between its periodicity as Tdrift_deep=New sync periodicity*20ppm. We assume the new sync periodicity set same as the smallest eDRX cycle, 20.48s, to make detectable by the UEs with smallest eDRX. Also, the long periodicity is beneficial to keep the low overhead of the newly introduced sync signal. The new sync signal for the worst case has very lengthy duration, results in system overhead and additional UE detection complexity. As a tradeoff, UEs may need legacy sync signals, such as PSS/SSS, NPSS/NSSS, together with RSS for acquisition prior WUS detection. 
Table 3: RSS length and overhead
	
	MCL=144dB
	MCL=154dB
	MCL=164dB

	Legacy acquisition time
	40ms
	2s
	8s

	Length of a new sync signal 
	2ms
	73ms
	291ms



Observation 2: For DRX, a new synchronization signal for acquisition is not needed. 
[bookmark: _Hlk498684630]Observation 3: For eDRX, a new synchronization signal for acquisition requires very lengthy duration after long deep sleep and the additional overhead and complexity need further study.
Proposal 8: For eDRX, UEs may need legacy sync signals together with a new synchronization signal if introduced for acquisition to reduce the additional overhead and detection complexity. 

Conclusions
The contribution has discussed enhancements for eMTC to improve the system information acquisition latency.
If we use the NB-IoT synchronization channel, the following proposals and observations have been made:
Observation 1: Synchronization signals and PBCH for NB-IoT are more amenable to operating in low SNR conditions due to ease of power boosting and longer TTI.

Proposal 1: Allow an eMTC UE to use NPSS/NSSS/NPBCH to access a cell.
· Option 1: No additional information in NB-MIB related to eMTC
· Option 2: NB-MIB signals the scheduling of SIB1-BR
· Other enhancements (if any) should target the same MCL as NPSS/NSSS/NPBCH

Proposal 2: For eMTC using NPSS/NSSS/NPBCH, consider the following two cases:
· Cell supporting eMTC and NB-IoT, which uses NPSS/NSSS without any change.
· Cell not supporting NB-IoT, which uses a scrambled version of NPSS with a different cover code. In this case, Option 2 in proposal 1 can be implemented.

Further, if Option 2 in proposal 1 is agreed, the following proposals are made.
Proposal 3: Consider signaling a subset of the SIB1-BR configurations (e.g. only the ones with 16 repetitions).

Proposal 4: For in-band operation with same PCI, it is necessary to get the LTE system bandwidth in order to decode SIB1-BR. Consider the following options:
· Option 2.1: Fixed location per bandwidth (no additional signaling)
· Option 2.2: Each eutra-CRS-SequenceInfo-r13 can belong to at most two different bandwidths (use 1 bit to signal this). 

Proposal 5: For standalone operation and in-band different PCI, this feature is not supported.

Proposal 6: For guard-band operation, use part of the spare bits (3) to signal where is the center of the LTE cell by standardizing a subset of the possibilities.
If we consider a new synchronization signal for acquisition reduction, the proposals and observations are as follows:
Observation 2: For DRX, a new synchronization signal for acquisition is not needed. 
Observation 3: For eDRX, a new synchronization signal for acquisition requires very lengthy duration after long deep sleep and the additional overhead and complexity need further study.
Proposal 8: For eDRX, UEs may need legacy sync signals together with a new synchronization signal if introduced for acquisition to reduce the additional overhead and detection complexity. 
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[bookmark: _GoBack]Appendix: Scenarios under consideration
The power models and simulation assumptions to be used for analysing the power savings were also agreed in [5] and are shown in Table A1 below. Note that these models are used to obtain a rough estimate of power savings and may not represent the actual power consumption/savings. 
Table A1: Scenarios for efeMTC [5]
	Scenario
	A
	B
	C

	eDRX cycle [s]
	-
	20.48
	327.68

	DRX cycle [s]
	2.56
	0.32
	0.32

	#POs/PTW
	1
	4
	4

	Paging rate [%]
	10
	10
	10
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