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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#90, the following agreements were made with respect to the reduced system acquisition time [1]. 
Agreements:
· For enhancement of MIB-NB acquisition time, the following candidates are considered:
· Options 1: Using the unused 3-OFDM symbols in subframe#0 on the anchor carrier in standalone and guard-band operation modes
· Options 2: Introducing additional subframe(s) for NPBCH transmission, FFS if there is a possible restriction to non-anchor carriers
· Option 3: Enhanced MIB-NB decoding techniques, e.g. combining the NPBCH across several MIB-NB TTIs.
Agreements:
· At least the following issues are FFS regarding whether to introduce support for the network to optionally transmit additional repetitions(s) of SIB1-NB, in subframe(s) other than R13 existing SIB1-NB transmission subframes:
· The position of the subframe(s) for additional Rel-13 SIB1-NB repetitions
· The scrambling on the new additional repetitions of SIB1
· The pattern of mapping to resource elements for the additional repetition(s) (e.g., order of coded bits-to-subframe allocation)
· If a SIB1-NB with additional subframe(s) can be transmitted on a non-anchor
· How the UE determines if the additional subframe(s) are being transmitted
· The number of additional subframe(s)
· How to handle correct understanding of NPDCCH/NPDSCH transmission for legacy NB-IoT UEs.
[bookmark: _Ref129681832]In this paper, we provide our considerations on the improvement of MIB-NB and SIB1-NB to reduce the system acquisition time. Discussion on reducing the time for NB-IoT synchronization can be found in our companion contribution [2].

System Information acquisition time
In this section, we firstly discuss ways to reduce the time taken to acquire MIB-NB, and then consider SIB1-NB.
The improvement by using the first three OFDM symbols targets the guard-band and standalone deployment, by using resources that are presently wasted in NB-IoT due to the primary focus on in-band designs in Rel-13. However, guard-band deployments are appearing in various parts of the world, and standalone deployments are clearly highly important in the future as NR, with its accelerated standardization timeline, for completion within Rel-15, approaches. Rel-15 is therefore also the right time to enhance NB-IoT for these operation modes, whilst continuing to optimize in-band performance. For in-band deployments, there are other improvements to reduce the system acquisition time, e.g. introducing additional subframes for SIB1-NB or some implementation optimization for MIB-NB and SIB1-NB. Both sets of proposals should be introduced together to reduce the system acquisition time of all the three deployment modes.
MIB-NB improvement for stand-alone and guard band
For the MIB-NB, the first three OFDM symbols and the REs in the last 11 OFDM symbols which are reserved for CRS can be used to extend the MIB-NB codeword.
Since there are in total 52 (36+16) additional REs in subframe #0, so 104 additional bits can be carried accordingly. For example, the 1600-bit codeword can be divided into 8 groups of 200 bits, and then each group extended from 200-bits to 304-bits by cyclic extension. The first 104 bits map to the first three OFDM symbols and the REs in last 11 OFDM symbols which are reserved for LTE CRS, and the later 200 bits to the last 11 OFDM symbols as per the current mechanism to keep the backward compatibility. 
Evaluations are provided to compare the demodulation performance between the legacy and improved NPBCH. The results are shown in Table 1 and Table 2 , and the simulation assumptions and simulation figures can be found in the Appendix.
[bookmark: _Ref493238868]Table 1: Comparison of NPBCH decoding latency in guard-band operation mode
	Latency of NPBCH decoding
	Decoding time @ 10% BLER
	Decoding time @ 1% BLER

	
	Legacy NPBCH
	Improved NPBCH
	Legacy NPBCH
	Improved NPBCH

	164 dB MCL
	2600 ms
	1550 ms
	4850 ms
	3430 ms

	154 dB MCL
	145 ms
	103 ms
	335 ms
	264 ms

	144 dB MCL
	13 ms
	10 ms
	48 ms
	29 ms



[bookmark: _Ref493238877]Table 2: Comparison of NPBCH decoding latency in stand-alone operation mode
	Latency of NPBCH decoding
	Decoding time @ 10% BLER
	Decoding time @ 1% BLER

	
	Legacy NPBCH
	Improved NPBCH
	Legacy NPBCH
	Improved NPBCH

	164 dB MCL
	314 ms
	245 ms
	723 ms
	570 ms

	154 dB MCL
	48 ms
	30 ms
	156 ms
	117 ms

	144 dB MCL
	10 ms
	10 ms
	19 ms
	12 ms



It can be seen from the results that the improved mechanism can save as much as ~1.5 seconds for UE decoding NPBCH. An indication can be signalled for Rel-15 UE that the first three OFDM symbols are used for MIB-NB in subframe#0. 
Proposal 1: For guard-band and standalone deployments, use the first three OFDM symbols and the CRS REs in the last 11 OFDM symbols to extend the MIB-NB codeword, keeping the same generation/mapping mechanism on the last 11 OFDM symbols as Rel-13.
Proposal 2: Introduce an indication for Rel-15 UE that the first three OFDM symbols in subframe #0 are used for extending NPBCH.
SIB1-NB improvement
According to the agreements in last meeting, additional transmissions of SIB1-NB can be considered to reduce the latency of reading SIB1-NB for UE. The first issue we want to discuss is the cases for applying the additional transmission of SIB1-NB. There are two options, option 1 is to just apply the additional SIB1-NB when the repetition number of SIB1-NB is configured to 16 in MIB-NB, and option 2 is to apply the additional SIB1-NB for all repetition numbers. In option 2, the additional transmission of SIB1-NB under repetition factor 4 or 8 can further enable the early termination of UEs to detect the SIB1-NB, which help further reduce the latency and power consumption for UE to read the SIB1-NB. For example, assuming the number of repetitions of SIB1-NB is 8, then if a UE needs 8 repetitions to successfully detect SIB1-NB, it needs 2560 ms according to the legacy mechanism. But after applying additional transmission of SIB1-NB, UE may only need 1280ms to successfully detect SIB1-NB because the SIB1-NB resource is e.g. doubled than legacy. So the additional transmission of SIB1-NB should be available to all the legacy numbers of repetitions.
Proposal 3: Support additional transmissions of SIB1-NB for all numbers of repetitions, i.e. 4, 8, and 16.
The candidate subframes are subframe #4 not carrying SIB1-NB and subframe #9 not carrying NSSS. When the repetition factor of SIB1-NB is 16, eNB chooses the starting frame during 2560 ms for SIB1-NB by cell ID (i.e. PCID mod 2). If using the unoccupied subframe#4 to transmit the additional SIB1-NB, then the new SIB1-NB will collide with the old SIB1-NB of other cells, as Figure 1 shows. Instead, if using the unoccupied subframe#9 to transmit the additional SIB1-NB, then the collision only occurs among the new SIB1-NB of different cells. In general, using unoccupied subframe#9 for additional SIB1-NB causes less collision among SIB1-NB of different cells compared with using unoccupied subframe#4. Additionally, there is not certainly NRS in subframe#5, but always is in subframe#0, hence using subframe #9 can enable the cross channel estimation (at least subframe#0 and #9) which improves the demodulation performance of SIB1-NB. So we prefer to use unoccupied subframe#9 to transmit the additional SIB1-NB.
Proposal 4: Use the subframes#9 not carrying NSSS in the 160 ms of one legacy repetition of SIB1-NB to transmit the additional SIB1-NB repetitions.
[image: ]
[bookmark: _Ref493234870]Figure 1: Comparison of different additional subframes when repetition factor of SIB1-NB is 16
The additional SIB1-NB repetitions can use the same process of coding, scrambling and modulation as legacy SIB1-NB, since there is no difference between the signal generation for the new and old SIB1-NB. For the resource mapping process, the new SIB1-NB repetitions can be mapped on the new subframes within the 160ms including legacy SIB1-NB. Furthermore, some optimization can be considered e.g. a suitable order for transmitting the SIB1-NB code blocks illustrated in [3].
The repetitions/TBS/period of the new SIB1-NB can be the same as indicated for legacy SIB1-NB in MIB-NB, so there is no need to introduce additional configuration of the scheduling. Only one bit in MIB-NB is needed to indicate the presence of the additional SIB1-NB repetitions.
If the repetition factor of SIB1-NB is 16, then all the subframes #9 not carrying NSSS are used for the new SIB1-NB transmission, so eNB can configure the subframe #9 as invalid to avoid the resource fragmentation for Rel-13/14 UE. However, if the repetition factor of SIB1-NB is not 16 (i.e. 4 or 8), then if it is required for eNB to configure all subframes #9 as invalid subframe, there are actually  subframes #9 that are neither occupied by the new SIB1-NB nor NSSS and cannot be used by other downlink transmissions. To avoid resource waste, it can be specified that a Rel-15 UE cannot expect the NPDSCH (except for the SIB)/NPDCCH in invalid subframes except for the subframes#9 which do not contain SIB1-NB and NSSS. Legacy UEs are not impacted, and they still see all the subframes #9 as invalid.
Based on the discussion, we have proposals as follows.
Proposal 5: The repetitions/TBS, coding, scrambling, and modulation of additional SIB1-NB repetitions are the same as the existing repetitions.
Proposal 6: Introduce an indication in MIB-NB to indicate whether there is additional transmission of SIB1-NB.
Proposal 7: Specify that a Rel-15 UE interprets subframe #9 as valid unless it contains SIB1-NB or NSSS, regardless of the valid subframes bitmap. 
Signalling improvements
As well as the additional transmissions for MIB-NB and SIB1-NB, some signalling improvements can be also considered to reduce the probability of decoding MIB-NB /SIB1-NB for UE in serving cell or new cell after cell reselection.
The MIB-NB includes frame information, value-Tag, AB information, scheduling information for SIB1-NB, and operation mode information, among which the frame information, operation mode information or scheduling information for SIB1-NB does not change frequently in a network. The value-Tag will be updated only if any SI has changed. After UE receives a system information change notification in the Direct Indication in DCI format N2 or paging message, the UE should read the MIB-NB, SIB1-NB and the changed SI(s) indicated in SIB1-NB. According to the above discussion, the UE reads MIB-NB mainly to check the value-Tag since others are not changing frequently. It would be useful to reduce the effort required by UE which only needs to read the value-Tag rather than all of MIB-NB.
So a natural optimization is that eNB independently indicates the value-Tag (in MIB-NB) in the SI Change notification, e.g. Direct Indication or paging message. One further bit to enable this value-Tag indication (i.e. indicate whether the information in MIB-NB other than value-Tag does not change) is also needed. When UE receives a SI change notification, and finds only the value-Tag changes in the MIB-NB, then the UE can directly read the value-Tag value and skip reading the MIB-NB.
Proposal 8: eNB indicates the value-Tag of MIB-NB and indicates whether the other information in MIB-NB has changed or not in the SI change notification.
Conclusions
In this paper, we provide our considerations on the improvement of system acquisition time. And several observations and proposals are made.
Proposal 1: For guard-band and standalone deployments, use the first three OFDM symbols and the CRS REs in the last 11 OFDM symbols to extend the MIB-NB codeword, keeping the same generation/mapping mechanism on the last 11 OFDM symbols as Rel-13.
Proposal 2: Introduce an indication for Rel-15 UE that the first three OFDM symbols in subframe #0 are used for extending NPBCH.
Proposal 3: Support additional transmissions of SIB1-NB for all numbers of repetitions, i.e. 4, 8, and 16.
[bookmark: _GoBack]Proposal 4: Use the subframes#9 not carrying NSSS in the 160 ms of one legacy repetition of SIB1-NB to transmit the additional SIB1-NB repetitions.
Proposal 5: The repetitions/TBS, coding, scrambling, and modulation of additional SIB1-NB repetitions are the same as the existing repetitions.
Proposal 6: Introduce an indication in MIB-NB to indicate whether there is additional transmission of SIB1-NB.
Proposal 7: Specify that a Rel-15 UE interprets subframe #9 as valid unless it contains SIB1-NB or NSSS, regardless of the valid subframes bitmap. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 8: eNB indicates the value-Tag of MIB-NB and indicates whether the other information in MIB-NB has changed or not in the SI change notification.
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Appendix
· [bookmark: OLE_LINK4]Simulation assumptions

	Parameter
	Value

	BS TX antenna configuration
	1Tx for stand-alone, 2Tx for guardband

	BS power
	43 dBm for stand-alone,35 dBm for guardband

	System BW
	180kHz

	Band
	900 MHz

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Initial frequency error 
@ acquisition of NPSS
	± 20 ppm

	Initial frequency error for NPBCH
	± 50 Hz

	Initial timing error for NPBCH
	± 2.6 us

	UE RX antenna configuration
	1 Rx

	UE NF
	5, 9 dB

	Coupling loss
	144, 154, 164 dB



· Simulation figures
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