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1. Cell Search
Summary of previous agreements:
Agreements:
· 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

Agreements:
· 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

The following contributions were submitted to this A.I.

	R1-1801444
	Reduction of NB-IoT synchronization time
	Huawei, HiSilicon
	Proposal 1: For standalone and guard-band deployments, extend NPSS into the first three OFDM symbols of relevant subframes by using a length-14 cover code (instead of length 11) and repeating the Rel-13 NPSS ZC sequence on each symbol. 
Proposal 2: Use [-1,1,1] to extend the NPSS cover code on the first three OFDM symbols for standalone and guard-band deployments.
Proposal 3: Use a sequence occupying the first three OFDM symbols as an extra NSSS.
Proposal 4: Specify only a maximum length of the periodically repeating phase sequence on NPSS/NSSS at the eNB antenna ports, up to [4] NPSS/NSSS subframes.  There is no need to specify any particular phase sequence.



	R1-1801494
	Cell search time reduction for NB-IoT
	Ericsson
	Proposal 1: Rel-15 does not consider using the 3 unused OFDM symbols in subframes carrying NPSS/NSSS for additional NPSS/NSSS transmissions.


	R1-1801604
	Cell search enhancement for NB-IoT
	ZTE, SaneChips
	Proposal 1: For standalone and guard band mode, extended NPSS/NSSS transmission using unused 3-OFDM symbols can be considered if the extended NPSS/NSSS can significantly improve the synchronization performance and has no negative impact on synchronization performance of Rel-13/14 NB-IoT UEs.
Proposal 2: If unused 3-OFDM symbols used for extended NPSS/NSSS transmission is supported, whether the first 3 OFDM symbols being used for extended NPSS/NSSS transmission can be configured by SIB1-NB.


	R1-1802171
	Cell search latency enhancement
	LG Electronics
	Concerns shown on:
1. If new signal is introduced, it should be applicable to the worst case
1. If new signal is introduced, it should be applicable to the worst case
Until the above concerns are adequately addressed, we’re not sure if we can continue to consider the utilization of unused 3 OFDM symbols for cell search latency enhancement.

	R1-1802272
	Reducing cell search time for feNB-IoT
	Nokia, Nokia Shanghai Bell
	Proposal 1: For stand-alone and guard band deployments, additional transmissions of NPSS/NSSS in the 3 ofdm symbol region, are not considered for Release 15.


	R1-1802337
	Enhancements to cell search
	Qualcomm Incorporated
	Observation 1: The use of additional OFDM symbols for NPSS increases the UE complexity (especially in terms of memory requirements)
Observation 2: The use of additional OFDM symbols seems to benefit only guard-band deployments (sync time in standalone is not an issue)






Open issue #1.1: Use 3 unused symbols for NPSS/NSSS.
Summary of company positions:
1) Do not use 3 additional symbols for NPSS/NSSS: Ericsson, Nokia, Nokia Shanghai Bell, 
2) Use 3 additional symbols for NPSS/NSSS: Huawei, HiSilicon
3) Can be considered if gain is big enough and no impact to legacy UEs: ZTE, Sanechips
4) Concerns with respect to commonality for different modes and/or complexity: Qualcomm, LGE
There is a majority of companies with concerns with respect to introducing the additional 3 symbols, so the following seems to be the majority view:
Possible agreement: Rel-15 does not consider using the 3 unused OFDM symbols in subframes carrying NPSS/NSSS for additional NPSS/NSSS transmissions.

Other issues:
[bookmark: _GoBack]Two companies proposed to specify maximum length of the periodically repeating phase sequence on NPSS/NSSS at the eNB antenna ports, up to [4] NPSS/NSSS subframes.
Need to further discuss

2. System information
Summary of previous agreements:
Agreement:
· Update the agreement from the RAN1#90bis meeting as follows
· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap
· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB as valid downlink subframes only when the UE attempts to decode DCI format N0/N1 scrambled by C-RNTI in UE-specific search space or receive NPDSCH scheduled by DCI format N1 scrambled by C-RNTI in UE-specific search space.
Agreement:
· For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives
· (Alt.1) no additional SIB1-NB transmission
· (Alt.2) half as many as that of the legacy SIB1-NB transmissions
· (Alt.3) the same as that of the legacy SIB1-NB transmissions

Agreement:
· For the repetition number 16, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives
· (Alt.1) the same as that of the legacy SIB1-NB transmissions
· (Alt.2) depends on code rate (e.g., TBS, #CRS/NRS ports, operation mode) of SIB1-NB
· When the code rate of SIB1-NB is equal to or larger than X, additional SIB1-NB subframes are transmitted on every other subframe #3
· Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3
· If the total number of subframes for additional SIB1-NB transmission is less than that of the legacy SIB1-NB transmissions, the starting radio frame index of additional SIB1-NB transmission depends on Cell ID and the number of SIB1-NB repetition scheduled by MIB-NB
Note that this is not relevant to the case of 4 and 8 repetitions and this does not imply any selection among Alt. 1, 2, 3 in the above agreement

Agreement:
· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission will be downselected between the following alternatives
· (Alt.1) The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB
· (Alt.2) reuse coded bits generated for existing SIB1-NB transmission while coded bits-to-subframe allocation is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission
· (Alt.3) the coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer 

Agreement
· Scrambling sequence will be generated and applied to subframes for additional SIB1-NB following one of the alternatives below
· (Alt.1) The additional SIB1-NB reuses the bit-level scrambling mechanism of legacy SIB1-NB, and uses the same symbol-level scrambling mechanism as NPBCH by replacing the initialization equation with [image: ]
· (Alt.2) The scrambling sequence generator for additional SIB1-NB transmission is initialized with [image: ]
· (Alt.3) The scrambling sequence used for the new SIB1-NB subframe is generated based on advancing the Gold sequence generators used for generating the scrambling sequence for SIB1-NB in subframe #4 in the same frame by 2560 shifts
· (Alt.4) Keep the same scrambling sequence as the legacy one if the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB 


The following contributions were submitted to this A.I.

	R1-1801445
	Reduction of NB-IoT system information acquisition time
	Huawei, HiSilicon
	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: For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission is the same as that of the legacy SIB1-NB transmissions, i.e. Alt. 3 is adopted.
Proposal 4: For the repetition number 16, the total number of subframes for additional SIB1-NB transmission is the same as that of the legacy SIB1-NB transmissions, i.e. Alt. 1 is adopted.
Proposal 5: The additional SIB1-NB transmissions use the same coded bits-to-subframes mapping as the legacy SIB1-NB, i.e. Alt. 1 is adopted.
Proposal 6: The additional SIB1-NB reuses the bit-level scrambling mechanism of legacy SIB1-NB, and uses the same symbol-level scrambling mechanism as NPBCH by replacing the initialization equation with  , i.e. adopt Alt. 1.
Proposal 7: The SI change notification from eNB indicates the value-Tag of MIB-NB and indicates whether the other information in MIB-NB has changed.

	R1-1801495
	System information acquisition time reduction for NB-IoT
	Ericsson
	Proposal 1: Do not introduce more NPBCH subframes on the anchor carrier.
Proposal 2: Do not introduce additional subframes on a non-anchor carrier for NPBCH repetitions.
Proposal 3: For the repetition number 4 and 8, the additional SIB1-NB transmissions in subframe #3 is not supported.
Proposal 4: For SIB1-NB TBS 680, support the combination of 16 repetitions in legacy subframe #4 and 16 repetitions in subframe #3, and for other smaller TBS sizes, support the combination of 16 repetitions in legacy subframe #4 and 8 repetitions in subframe #3.
Proposal 5: The coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer, Alt. 3.
Proposal 6: Regarding how the scrambling sequence for subframe #3 carrying SIB1-NB is generated, agree alternative 4 and keep the same scrambling sequence as the legacy.


	R1-1801605
	Remaining issues on system information acquisition improvement for NB-IoT
	ZTE, SaneChips
	Proposal 1: For the repetition number 4 and 8, no additional SIB1-NB transmission is supported. 
Proposal 2: For the repetition number 16, the total number of subframes for additional SIB1-NB transmission is the same as that of the legacy SIB1-NB transmissions (Alt.1).
Proposal 3: The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB (Alt.1).
Proposal 4: The system-level scrambling for additional SIB1-NB transmission is introduced, and initialized with cinit = (nRNTI - 1)·215 + (NIDNcell + 1)((nf mod 61) + 1).
Proposal 5: Additional MIB-NB transmission is not supported.


	R1-1802172
	MIB-NB skipping and System information acquisition latency enhancement
	LG Electronics
	Proposal 1: Use 6 unused bits of Direct Indication Information.
- 1st bit : ab-Enabled
- 2nd ~ 5th bits : 12 states of schedulingInfoSIB1 and one state for Fallback
Proposal 2: For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission is half as many as that of the legacy SIB1-NB transmissions.
Proposal 3: For the repetition number 16, the total number of subframes of additional SIB1-NB transmission depends on code rate (e.g., TBS, #CRS/NRS ports, operation mode) of SIB1-NB
-	When the code rate of SIB1-NB is equal to or larger than X, additional SIB1-NB subframes are transmitted on every other subframe #3 (X is a fixed number and can be defined by RAN4)
-	Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3
Proposal 4: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission.
Proposal 5: The current scrambling method for NPDSCH carrying the BCCH can be used for additional SIB1-NB


	R1-1802273
	Reducing system acquisition time for feNB-IoT
	 Nokia, Nokia Shanghai Bell
	Proposal 1: 	Only support additional transmissions of SIB1-NB when the number of repetitions indicated in the MIB-NB for SIB1-NB, is set to 16, i.e. Alternative 1.
Proposal 2: 	For the repetition number 16, the total number of subframes for additional SIB1-NB transmissions is dependent on the code rate of SIB1-NB, i.e. Alternative 2.
Proposal 3: 	The coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer, i.e. Alternative 3.
Proposal 4:	The same scrambling sequence as the legacy one is kept, provided the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB, i.e. Alternative 4.


	R1-1802338
	Enhancements to system information acquisiton
	Qualcomm Incorporated
	Proposal 1: Do not introduce additional subframes or symbols for NPBCH. Improved NPBCH performance can be achieved by cross-TTI MIB combining.
Proposal 2: The new transmissions of SIB1-NB follow a different order than the legacy transmissions.
Proposal 3: If the new transmissions of SIB1-NB follow the same order as legacy transmissions, use a different scrambling sequence/symbol rotator from legacy transmissions.


	R1-1802380
	System information acquisition time reduction for feNB-IoT
	Intel Corporation
	· The NPBCH coverage should be enhanced and acquisition delays should be reduced by support of additional repetitions of NPBCH in Rel-15 feNB-IoT.
· Consider additional NPBCH repetitions in at least subframe #9 or subframe #4 in every odd radio frame. 




Open issue #2.1: New repetitions for NPBCH:
1) Add new NPBCH repetitions
· Supported by: Intel
2) Do not add new NPBCH repetitions: 
· Supported by: Qualcomm, Ericsson, ZTE, Sanechips
Possible conclusion: Do not support additional subframes for NPBCH repetitions in Rel-15.

Open issue #2.2: Detailed symbol mapping for new SIB1-NB:
· (Alt.1) The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB
· Supported by: Huawei, HiSilicon, ZTE, Sanechips, 
· (Alt.2) reuse coded bits generated for existing SIB1-NB transmission while coded bits-to-subframe allocation is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission
· Supported by: LGE
· (Alt.3) the coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer 
· Supported by: Nokia, NSB, Ericsson
Possible conclusion: Downselect between (Alt.1 and Alt. 3)

Open issue #2.3: Number of subframes for repetition number 16:
· For the repetition number 16, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives
· (Alt.1) the same as that of the legacy SIB1-NB transmissions
· Supported by: ZTE, Sanechips, Huawei, HiSilicon
· (Alt.2) depends on code rate (e.g., TBS, #CRS/NRS ports, operation mode) of SIB1-NB
· Supported by: Nokia, NSB, LGE, Ericsson
· For this alternative, FFS: 
· When the code rate of SIB1-NB is equal to or larger than X, additional SIB1-NB subframes are transmitted on every other subframe #3
· Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3
· If the total number of subframes for additional SIB1-NB transmission is less than that of the legacy SIB1-NB transmissions, the starting radio frame index of additional SIB1-NB transmission depends on Cell ID and the number of SIB1-NB repetition scheduled by MIB-NB
Needs further discussion.
Open issue #2.4: Number of subframes for additional SIB1-NB transmissions for repetition number 4 and 8
· For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives
· (Alt.1) no additional SIB1-NB transmission
· Supported by: ZTE, Sanechips, Nokia, NSB, Ericsson
· (Alt.2) half as many as that of the legacy SIB1-NB transmissions
· Supported by: LGE
· (Alt.3) the same as that of the legacy SIB1-NB transmissions
· Supported by: Huawei, HiSilicon,

Possible conclusion: Majority of companies prefer Alt.1

Open issue #2.6: Scrambling of new SIB1-NB repetitions:
· Scrambling sequence will be generated and applied to subframes for additional SIB1-NB following one of the alternatives below
· (Alt.1) The additional SIB1-NB reuses the bit-level scrambling mechanism of legacy SIB1-NB, and uses the same symbol-level scrambling mechanism as NPBCH by replacing the initialization equation with [image: ]
· Supported by: Huawei, HiSilicon
· (Alt.2) The scrambling sequence generator for additional SIB1-NB transmission is initialized with [image: ]
· Supported by: ZTE, Sanechips
· (Alt.3) The scrambling sequence used for the new SIB1-NB subframe is generated based on advancing the Gold sequence generators used for generating the scrambling sequence for SIB1-NB in subframe #4 in the same frame by 2560 shifts
· Supported by: 
· (Alt.4) Keep the same scrambling sequence as the legacy one if the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB 
· Supported by: Nokia, NSB, LGE, Ericsson,

Need to discuss after concluding on Open issue 2.2

Other proposals:
- Add additional information in direct indication/SI modification to enable MIB skipping. Proposed by LGE, Huawei, HiSilicon.
Further discuss
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