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[bookmark: _Toc436096729][bookmark: _Toc448452928]Introduction
This contribution lists RAN1 agreements made for Rel-15 Further NB-IoT enhancements (WI code NB_IOTenh2, WID in RP-172063) until after the RAN1#91 in Nov 2017.
Since the purpose of this contribution is to serve as input to RAN1 CR drafting, this contribution does not capture observations, simulation assumptions and other informative notes, only agreements, working assumptions, and conclusions with potential RAN1 specification impacts. Some agreements have been combined or edited for better readability. Agreements, working assumptions and FFSs that have been made obsolete by later agreements are usually not included. Note that this document is just an interpretation of the RAN1 agreements, i.e. this document does in no way override the official RAN1 minutes. 
[bookmark: _Toc436096730][bookmark: _Toc448452929]Higher layer parameters (36.331)
A list of higher layer parameters is provide in R1-1803882. The list of higher layer parameters will be discussed and approved via email discussion [92b-LTE-11] by 4/27(Fri). 
Latency and power consumption reduction
Power consumption reduction for paging and connected-mode DRX
	RAN1#88bis agreements:
· Techniques to be evaluated:
· Wake-up signal/channel (either relying or not relying on DL synchronization)
· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Dynamic USS periodicity
· The use of the technique can be semi-statically enabled/disabled by the network
· Simulation assumption on signal for power consumption reduction is agreed in R1-1706777. 

RAN1#89 agreements:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX
· Wake-up signal with no DTX
· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length
· Design details are FFS
· Connected mode DRX is FFS
· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.
· The current paging mechanism is used as the baseline for evaluation.


RAN1#90 agreements:
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)



Others:
Email discussion to agree simulation assumptions for NB-IoT and eMTC power consumption evaluation of saving signal/channel. Agreed simulation assumptions are given in R1-1714993 for NB-IoT. 

RAN1#90bis agreements:
· The UE is configured with a transmission duration of WUS by higher layers
· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
· RAN1 assumes that introduction of WUS does not alter PO/PF definition
· At least in a UE’s DRX cycle:
· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in an NB-IoT carrier;
· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in an NB-IoT carrier.
· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· WUS signal is at least cell-specific;
· FFS scrambling of WUS including time varying scrambling
· Long ZC sequence based signal is considered as the starting point for WUS signal:
· FFS: whether the sequence can span over multiple subframes
· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;
· FFS: Support transmit diversity for NB-IoT WUS 
· FFS: NSSS like signal is used as the wake-up signal


RAN1#90bis Working assumptions:
· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:
· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

RAN1#91 agreements:
· The [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:
· depends on Rmax and if so the number of lists specified
· is a single list for all Rmax
· Note: the Rmax refers to the one configured for paging
· The non-zero gap from the end of the configured [maximum] WUS duration to the associated PO is configurable
· FFS the minimum duration
· FFS the configuration is explicit or implicitly derived
· The [maximum] duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
· There is a non-zero gap from the end of configured [maximum] WUS duration to the associated PO
· FFS: exact value of non-zero-gap
· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.
· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.
· FFS: value of X
· WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.

RAN1#91 Working assumptions:
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage (WA confirmed in RAN1#92).
· Prioritize to minimize impact on UE synchronization performance.


RAN1#92 agreements:
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS

· There is a non-zero gap from the end of configured maximum WUS duration to the associated PO
· FFS: exact value of non-zero-gap
· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:
· depends on Rmax and if so the number of lists specified
· is a single list for all Rmax
Note: the Rmax refers to the one configured for paging
· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable
· FFS the minimum duration
· FFS the configuration is explicit or implicitly derived

· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
· Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.
· WUS conveys the cell ID;
· FFS: UE group ID
· FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)

RAN1#92 Working assumptions, confirmation depending on RAN4 feedback:
If RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption is automatically confirmed.
	on NB-IoT WUS:
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS
· The RRM measurement relaxation is enabled/disabled by the network.
· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.
· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles
· FFS for eDRX case
· FFS whether N depends on the length of PTW.
· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.
· FFS for other DRX cycles and values of N
· FFS whether N is fixed, configurable, or depends on the DRX cycle

on eMTC WUS/sync:
· For eMTC, a new periodic synchronization signal is introduced.
· The new periodic sync signal is configurable (including OFF/ON configuration)
· FFS on the functionality/information provided by the synchronization signal, including 
· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs
· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.
· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal
· System information change notification
· FFS on location of the sync signal
· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)
· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.






RAN1#92bis agreements:
· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs.
· Confirm the following working assumption 
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
· Note: the above applies to at least the case where the gap is large enough for scheduling UE
· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM
· 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS.
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 
· WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced
· WUS can be time-varying from subframe to subframe.
· Besides information on cell ID, WUS signal is designed based on the following information: 
· UE group ID (if introduced)
· time information of the starting subframe of the WUS or PO (Paging Occasion)
· FFS: (part of) the SFN information
· When generating power saving signal in a subframe where NRS is assumed to be transmitted, the power saving signal in the subframes shall be generated and mapped in the same way as in other valid subframes where NRS is not assumed to be transmitted;
· WUS is punctured in RE-level by NRSs.
· WUS signal in a subframe is as follows,
[image: ]
where LZC = 131 for inband mode (FFS for SA and GB modes)
· [bookmark: _Hlk511920673]FFS RE-level cover codes/RE-level scrambling sequence c(m) using 
· Hadamard codes
· Gold sequences
· M sequences
· FFS phase shift
· FFS detailed design for time-varying 
· 11 symbols for inband mode and 14 symbols for SA and GB modes
· Strive toward as much as possible commonality between SA/GB and inband



Reduced system acquisition time
	RAN1#88bis 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


RAN1#89 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


RAN1#90 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. 
· 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.



RAN1#90bis agreements:

· SIB1-NB can be additionally transmitted in subframe(s) other than Rel.13 existing SIB1-NB transmission subframes on the anchor-carrier.
· Additional SIB1-NBs are transmitted on subframe #3
· The periodicity of additional SIB1-NB transmissions is 20 ms and in the same radio frame as legacy transmission
· FFS the supported number(s) of additional transmissions of SIB1-NB
· There is no signalling of the number of additional SIB1-NB transmissions
· The TBS, coding, and modulation of additional SIB1-NB repetitions are the same as the existing ones for Rel.13 SIB1-NB
· FFS scrambling
· FFS: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved compared to the existing SIB1-NB transmission
· 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 (and NSSS) as valid downlink subframes
· Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB
· FFS if additional SIB1-NB transmissions are also supported on non-anchor carriers

RAN1#91 agreements:
· SIB1-NB transmissions in non-anchor carrier are not further considered in Rel-15 for NB-IoT FDD.
· 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.
· For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission will be down selected 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
· For the repetition number 16, the total number of subframes for additional SIB1-NB transmission will be down selected 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
· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission will be down selected 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 
· 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


RAN1#92 agreements:

· For additional SIB1-NB
· For the repetition number 4 and 8, the following alternative is downselected for the total number of subframes for additional SIB1-NB transmission
· no additional SIB1-NB transmission
· For the repetition number 16, the following alternative is downselected for the total number of subframes for additional SIB1-NB transmission
· the same as that of the legacy SIB1-NB transmissions
· The following alternative is downselected for the sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission
· 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
· The following alternative is downselected for the scrambling sequence applied to subframes for additional SIB1-NB
· Keep the same scrambling sequence as the legacy one
· For NPBCH
· Do not introduce new NPBCH repetitions
· For MIB skipping
· “From RAN1 point of view, SI acquisition latency reduction after SI modification indication is expected if the UE can skip MIB-NB decoding, e.g., by using Direct indication information field in the DCI format N2 scrambled by P-RNTI.”

RAN1#92bis:
No agreements were made in this meeting. 





Data transmission during the random-access procedure
	[bookmark: _Hlk500142171]RAN1#89 agreements:
· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.

RAN1#90bis agreements:
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.
· FFS if and how there will also be a larger supported maximum total TBS
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead

RAN1#91 agreements:
· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view, 
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4


RAN1#92 agreements:

· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 NPUSCH tables.
· The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are FFS. FFS: How the UE obtains the up to 4 possible values.
· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.

RAN1#92bis agreements:
· The 8 maximum TBS is {1000, 936, 808, 680, 584, 504, 408, 328}.
· Only values of NRU and values of TBS in legacy Rel-13 NPUSCH table can be used for EDT 
· For each of the 8 maximum TBS values
· For each of the Rel-13 reserved ‘MCS index’ states there is one number of RUs
· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy NPUSCH repetition numbers (FFS how) 
· Potential new numbers of repetitions may include multiple of 4 or 8
· The 8 maximum TBS values are: 1000, 936, 808, 680, 584, 504, 408, 328 bits
· For 1000 bits max TBS: I_RU = 3, 4, 5, 6, 7
· For 936 bits max TBS: I_RU = 3, 4, 5, 6, 7 
· For 808 bits max TBS: I_RU = 3, 4, 5, 6, 7
· For 680 bits max TBS: I_RU = 2, 3, 4, 6, 7
· For 584 bits max TBS: I_RU = 2, 3, 4, 5, 6
· For 504 bits max TBS: I_RU = 2, 3 4, 5, 6
· For 408 bits max TBS: I_RU = 2, 3, 4, 5, 6
· For 328 bits max TBS: I_RU = 2, 3, 4, 5, 6
· The 3 legacy MCS indices are used for fallback to non-EDT transmission;
· The use of TBS smaller than the maximum configured is configured per CE level in SIB.
· Per cell, in the below, Ti < Ti+1, eNB can configure that the UE chooses from:
· When there are 4 permitted actual transmitted TBS {T1, T2, T3, T4}
· T2 or T4
· T1, or T2, or T3, or T4
· When there are 3 permitted actual transmitted TBS {T1, T2, T3}
· T2 or T3
· T1 or T2 or T3
· When there are 2 permitted actual transmitted TBS {T1, T2}
· T1 or T2
· Ti with the maximum value of i is the maximum TBS in SIB.
· Up to 4 TBS values are defined based on only the maximum broadcast TBS

	
	328 
	408 
	504 
	584 
	680 
	808 
	936 
	1000 

	T1 
	328 
	328 
	328 
	328 
	328 
	328 
	328
	328 

	T2 
	
	408 
	408
	408
	456 
	504 
	504 
	536 

	T3 
	
	
	504 
	504 
	584 
	680 
	712 
	776 

	T4 
	
	
	
	584 
	680 
	808 
	936 
	1000



RAN1#92bis conclusion
· Further study aspects related to Msg. 3 retransmission until RAN1#93 meeting




Semi-persistent scheduling (SPS)
	RAN1#90 agreements:
· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:
· DCI format(s), size(s), and purpose(s)
· Reduction of NPDCCH monitoring occasions 
· Retransmission scheme(s) for UL and DL.
· Activation/release mechanism(s)
· Issues between SPS and dynamic scheduling
· What baseline should be used to compare SPS to

RAN1#92bis:
No agreements were made in this meeting. 




Physical layer scheduling request
	RAN1#88bis agreements:
· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 
· TA estimation should not be a design target of SR signal.
· Sending SR with HARQ ACK/NACK can serve as the baseline case for UE with DL data 
· Further designs to be considered for dedicated SR signal design are:
· Based on NPRACH signal;
· Based on NPUSCH format 2:
· Non-coherent detection based format is not precluded
· Collision handling for dedicated SR is FFS
· Design criteria for physical layer SR:
· Power consumption reduction
· Latency reduction
· Impact on legacy NB-IoT scheduling and resources
· Traffic models used and SR resource configurations should be reported together with evaluations. 


RAN1#89 agreements:
· Piggybacked SR with HARQ-ACK is chosen between the following options, with evaluations encouraged at RAN1#90:
· Option 1: QPSK-based constellation
· Option 3: Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols


RAN1#92 Working assumptions:

Physical-layer SR with and without HARQ-ACK transmission is supported. 
· When SR is transmitted with HARQ-ACK:
· Option 3 is adopted;
· SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 
· [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1] is used to signal SR OFF.
· [1 -1 1 -1  1 -1  1 -1 1 -1 1 -1  1 -1  1 -1] is used to signal SR ON.
· When SR is transmitted without HARQ-ACK
· FFS whether it is transmitted in NPUSCH resources or reserved NPRACH resources.
· FFS whether BSR is conveyed on SR without HARQ-ACK
Note that companies are encouraged to provide evaluation results based on the agreed criterion, which are considered when confirming the WA. 

RAN1#92bis agreements:
· If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal.
· If the working assumption is confirmed, UE transmits the physical layer SR at the first opportunity unless there is a collision with another physical layer transmission/reception:
· Collision between SR without HARQ-ACK resource and NPDSCH - SR is not transmitted, and remains pending
· FFS: Collision with NPDCCH search space 




TDD
DL aspect
	RAN1#90 agreements:
· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.
· If NPSS and NSSS are the same as FDD:
· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.
· Subframes 0 and 5 will certainly be used
· The design shall be decodable within the same signal processing effort as the design used for FDD
· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition
· The transmission of SIB1-NB is FFS between:
· Always on the same NB-IoT carrier as NPSS/NSSS
· Always on a different NB-IoT carrier as NPSS/NSSS
· Can be on a different NB-IoT carrier as NPSS/NSSS
· Other SIBs than  SIB1-NB can be transmitted on non-anchor carrier


RAN1#90bis agreements:
· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15.
· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:
· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier
· It is supported that SIB1-NB is transmitted only on the anchor carrier
· In at least subframe #0 in odd frames
· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details
· It is necessary to consider SFN wraparound as part of FFS
· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)
· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)
· For NPSS, NSSS and NPBCH transmission in TDD:
· NPSS is transmitted on subframe #5 in every radio frame
· NSSS is transmitted on subframe #0 in every even-numbered radio frame
· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.
· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.
· The NPSS and NSSS sequences for TDD are the same as FDD.
· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.
· 

RAN1#90bis working assumptions:
· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15.

RAN1#91 agreements:
· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.
· At least for 16 repetitions for SIB1-NB transmission,
· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.
· When SIB1-NB is transmitted on non-anchor carrier, at least subframe #0 is used.
· FFS: SIB1-NB can be transmitted on anchor carrier other than subframe #0
· FFS: The frequency position of non-anchor carrier is indicated by [0, 1, or 2] bits in MIB-NB for in-band scenario.
· FFS: case for guard-band and stand-alone scenarios
· FFS: Cases for 4 and 8 repetitions
· The radio frame is determined by table-1
[image: ]


RAN1#92 agreements:
· On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE.
· The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:
· In-band anchor + in-band non-anchor
· Guard-band anchor + guard-band non-anchor, FFS which guard-band combinations the signaling will permit
· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)
· Standalone anchor + standalone non-anchor
· For NPDSCH
· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 
· FFS if all DwPTS configurations are supported for NPDCCH
· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
· FFS if all numbers of repetitions of NPDCCH are supported
· FFS if all aggregation levels of NPDCCH are supported
· FFS on NRS mapping
· For starting radio frame number for 16 SIB1-NB repetitions, support the following
· When SF#0 is used for 16 SIB1-NB repetitions on anchor carrier, 
	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	16
	All PCIDS
	SFN mod 256 = 1



· When SF#4 is used for 16 SIB1-NB repetitions on anchor carrier, 
	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1




RAN1#92 working assumptions:
· For NPDCCH
· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 
· FFS if all DwPTS configurations are supported for NPDCCH
· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
· FFS if all numbers of repetitions of NPDCCH are supported
· FFS if all aggregation levels of NPDCCH are supported
· FFS on NRS mapping
· For 8 repetitions for SIB1-NB transmission, SIB1-NB can be transmitted on non-anchor carrier.
RAN1#92bis agreements:
· For SIB1-NB transmission in TDD on an anchor carrier, the subframe index and TBS are indicated by schedulingInfoSIB1 as follows:
	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	Subframe
	TBS

	0
	4
	0
	208

	1
	8
	0
	208

	2
	16
	0
	208

	3
	4
	0
	328

	4
	8
	0
	328

	5
	16
	0
	328

	6
	4
	0
	440

	7
	8
	0
	440

	8
	16
	0
	440

	9
	4
	0
	680

	10
	8
	0
	680

	11
	16
	0
	680

	12
	16
	4
	208

	13
	16
	4
	328

	14
	16
	4
	440

	15
	16
	4
	680



· For 16 and 8 repetitions of SIB1-NB on a non-anchor carrier, the starting radio frame is as follows:
	Number of SIB1-NB repetitions
	PCID
	Starting radio frame number for SIB1-NB repetitions (nf mod 256)

	16 
	PCID mod 2 = 0
	 0

	
	PCID mod 2 = 1
	1

	8
	PCID mod 2 = 0
	0

	
	PCID mod 2 = 1
	16



· When SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame
· One transport block of SIB1-NB is transmitted over 16 SIB1-NB subframes 
· 16 SIB1-NB subframes carry encoded bits of SIB1-NB continuing reading them from circular buffer.

· For non-anchor carrier transmission of SIB1-NB
· MIB-NB has 3 bits to indicate the number of repetitions/TBS
· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier
· `For In-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB
· FFS guard-band combinations
· For standalone+standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.
· For normal subframes, NRS resource mapping is the same as FDD.
· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each slot
· For special subframe configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot.
· For special subframe configurations #1, #2, #6 and #7, NRS is mapped to
· The 6th and 7th symbols of the first slot
· For special subframe configuration #0 and #5, NRS is not transmitted





UL aspect
	RAN1#90 agreements:
· NPRACH for TDD supports single-tone with frequency hopping
· Multi-tone NPRACH formats can also be considered
· FFS details of frequency hopping
· One symbol group is defined by one CP, and N symbols. 
· FFS the value(s) of N
· FFS CP durations, symbol duration
· A preamble is defined by P symbol groups
· FFS: Guard time usage
· Repetition of NPRACH preamble is supported
· The cell radius target for TDD NPRACH is FFS

RAN1#90bis agreements:
· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.
· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD
· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD
· This needs to take into consideration the co-existence of NPRACH and NPUSCH.
· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.
· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes
· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration
· G is FFS, and G≥2
· P (number of symbol groups in a preamble) is even.
· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.
· FFS the details of the hopping pattern
· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported
· For the hopping between discontinuous transmissions within one preamble
· FFS hopping distance and hopping pattern
· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions
· FFS details

RAN1#91 agreements:
For NPUSCH in NB-IoT TDD:
· For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FSS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).


RAN1#92 agreements:
· NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
· NPRACH symbol duration is 266.67us.
· Define the following NPRACH formats

	Format
	Description
	G
	P
	N
	CP length 
	Nominal cell size

	0
	Two symbol groups followed by a guard time fit into 1 UL subframe
	2
	4
	1
	4778 Ts
(~155.5us)
	~23.3km

	1
	Two symbol groups followed by a guard time fit into 2 UL subframes
	2
	4
	2
	8192 Ts
(~266.7us)
	~40.0km

	2
	Two symbol groups followed by a guard time fit into 3 UL subframes
	2
	4
	4
	8192 Ts
(~266.7us)
	~40.0km

	0-a
	Three symbol groups followed by a guard time fit into 1 UL subframe
	3
	6
	1
	1536 Ts
(~49.95us)
	~7.5km

	1-a
	Three symbol groups followed by a guard time fit into 2 UL subframes
	3
	6
	2
	3072 Ts
(~99.9us)
	~15.0km



· FFS how and which format to use for each TDD UL/DL configuration 
· For the table above referring to NPRACH format for TDD NB-IoT, a guard time will be created naturally to fit into one (format 0,0-a), two (format 1, 1-a) or three (format 2) UL subframes.
· FFS the supported number of repetitions for each format

RAN1#92bis agreements:
Mapping table for TDD UL/DL configuration and TDD NPRACH formats is list in Table X
· FFS configuration 6 if it is supported
· Transmit Format 0 and Format 0-a in all NPRACH subframes, and aligned with subframe boundary
Table X Mapping table for UL/DL configuration and NPRACH format
	UL/DL Configuration  index
	Format 0
	Format 1
	Format 2
	Format 0-a
	Format 1-a

	 1
	√
	√
	
	√
	√

	2
	√
	
	
	√
	

	 [3]
	[√]
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	[√]
	

	4
	√
	√
	
	√
	√

	5
	√
	
	
	√
	


· For G=2, P=4  (format 0, 1, 2) 
· when the repetition number =1
Tone index of the first and third symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index to hopping pattern mapping is
	Index of the tone used by the 1st symbol group
	Deterministic hopping length for the 2nd within a repetition unit

	0, 2, 4, 6, 8, 10
	+3.75kHz

	1, 3, 5, 7, 9, 11
	-3.75kHz

	Index of the tone used by the 3rd symbol group
	Deterministic hopping length for the 4th within a repetition unit

	0, 1, 2, 3, 4, 5
	+22.5kHz

	6, 7, 8, 9, 10, 11
	 -22.5kHz 


Table 16
· when repetition number >=2 
The initial tone index to hopping pattern mapping follows table above.
Tone index of the first symbol groups in the odd preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)] . 

Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first and third symbol groups, the candidate tone index for the first and third symbol groups in the even preamble is chosen by [SFN and ]cell specific pseudo-random sequence and will be confined to one of the tone indexes in the opposite half of the bandwidth as follows: 
 	
	Odd Preamble Repetition Unit
	Even Preamble Repetition Unit

	Index of the tone used by the 1st symbol group
	Candidate Indexes for the tone to be used by the 1st symbol group

	0, 2, 4, 6, 8, 10
	1, 3, 5, 7, 9, 11

	1, 3, 5, 7, 9, 11
	0, 2, 4, 6, 8, 10

	Index of the tone used by the 3rd symbol group
	Candidate Indexes for the tone to be used by the 3rd symbol group

	0, 1, 2, 3, 4, 5
	6, 7, 8, 9, 10, 11

	6, 7, 8, 9, 10, 11
	0, 1, 2, 3, 4, 5


Table 17

· For G=3, P=6 (format 0-a, format 1-a)
· Tone index of the first and fourth symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index of the first and fourth symbol groups to hopping pattern mapping is

· Table 18 Hopping patterns for 2nd and 3rd symbol group within a repetition unit
	Index of the tone used by the 1st symbol group
	Hopping pattern for  the 2nd and 3rd symbol group within a repetition unit

	0, 2, 4,6, 8, 10
	+3.75kHz，-3.75kHz

	1, 3, 5,7, 9, 11
	-3.75kHz，+3.75kHz


· Table 19 Hopping patterns for 5th and 6th symbol group within a repetition unit
	Index of the tone used by the 4th symbol group
	Hopping pattern for the 5th and 6th symbol group within a repetition unit

	0, 1, 2, 3, 4, 5
	+22.5kHz，-22.5kHz

	6, 7, 8,9, 10, 11
	-22.5kHz，+22.5kHz，



· For NPUSCH transmission with 15 kHz subcarrier spacing, the number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6 and 12.
·  RU length reuses FDD
· For TDD NB-IoT with 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.
· The previous agreement above refers to NPUSCH format 1
· 3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.




Common aspect
	RAN1#90 agreements:
· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).
· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target
· For evaluations, the FDD numbers of repetitions for physical channels are assumed 
· FFS the noise figure (eNB and UE) which will be assumed
· The 2.6 GHz TDD band is prioritized for evaluations
· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed
· Targets of latency, and capacity may be relaxed for TDD NB-IoT.
· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD.
· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.
· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD.

No agreements were made in RAN1#90bis meeting. 
No agreements were made in RAN1#91 meeting. 


RAN1#92 agreements:
· UL/DL configuration and the special subframe configuration are indicated via SIB1-NB.
· For standalone mode, at least the same UL/DL configurations as TDD NB-IoT in-band/guard-band are supported. FFS new UL/DL configurations in standalone.
· Confirm the following working assumption as agreement.
· TDD NB-IoT will support all LTE special subframe configurations
· FFS CRS-less special subframe configuration 10 is supported  
· For in-band
· UpPTS is not used for NPUSCH and NPRACH
· For standalone and guard-band
· In the LTE special subframe configurations, UpPTS behaviour is the same as in-band
· For standalone
· FFS if to introduce new special subframe configurations comprising ‘DwPTS+GP’ and ‘GP+UpPTS’, and FFS the use of DwPTS/UpPTS in them
· Supporting two HARQ processes is an optional UE capability in NB-IoT TDD system.
· A 2-HARQ capable UE configured with 2 HARQ processes can be scheduled to transmit in UL subframes that occur during a DL reception, and receive in DL subframes that occur during a UL transmission.
· Dynamic indication of scheduling delay in DCI is used for TDD NB-IoT.
· FFS: definition of DL/UL scheduling delay
· Higher layers signal one bitmap containing to indicate whether the DL/UL/special subframes are valid or not.
· The length of the bitmap applies to
· For guard-band: 10 ms
· For standalone: 10 ms
· FFS: other values if any for co-existence purpose 
· For in-band: At least 10 ms and 40 ms are supported; FFS if also an 80 ms length is supported for coexistence with dynamic TDD.
· The maximum UL and DL TBS for Cat. NB1 and Cat. NB2 are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems

RAN1#92 Conclusion: 
Revisit the working assumption about TDD UL/DL configuration 6 once the TDD design as a whole is more advanced.

RAN1#92bis agreements:
· DwPTS can be used for NB-IoT transmission in CRS-less special subframe configuration #10 in TDD NB-IoT.
· FFS on how to use the blank REs corresponding to CRSs
· Downlink scheduling delay is defined by 4 physical subframes + k0, and k0 is based on valid downlink subframes. The scheduling delay values in FDD NB-IoT are reused.
· FFS on whether valid special subframes which include DwPTS can be counted as a part of the scheduling delay k0
· Email discussion [92b-LTE-12] to decide the details on DL/UL interlacing until 5/4. 

RAN1#92bis email discussion [92b-LTE-12] agreements:

· For a UE configured with 2 HARQ processes, the minimum timing relationships within one HARQ process for NPDCCH to NPDSCH, NPDCCH to NPUSCH format 1, NPDSCH to corresponding ACK/NACK, NPUSCH format 1 to corresponding ACK/NACK, and NPUSCH format 2 to next DCI for the same process, are the same as Rel-14 FDD.
· The 1 ms minimum gap from end of NPUSCH format 2 for one HARQ process to NPDCCH for the other HARQ process is not specified for TDD NB-IoT.
· For UE configured with 2 HARQ processes, eNB can schedule NPDSCH of a DL HARQ process which begins before the completion of NPUSCH format 1 for an UL HARQ process or format 2 of the other DL HARQ process transmission
· For UE configured with 2 HARQ processes, eNB can schedule NPUSCH format 1 for an UL HARQ process or format 2 of a DL HARQ process which begins before the completion of NPDSCH reception for the other DL HARQ process
· Collisions between NPUSCH format 1 for an UL HARQ process and NPUSCH format 2 corresponding to a DL HARQ process are assumed to be avoided by eNB, with no specified UE behavior in case of collision.





Narrowband measurement accuracy improvements
	RAN1#88bis agreements:
· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.
· FFS details of related signalling
· Additional candidates can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band),  physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) and the performance improvements should be evaluated until RAN1#89
· Among the additional candidates, companies are recommended to prioritise CRS (in-band)
· FFS if the existing signal(s)/channel(s) used additionally to NRS can be different in the serving cell to a neighbour cell
· FFS for RRC_connected mode where at least the NPDCCH could be helpful for narrowband measurement accuracy improvement
· FFS details of how UE is informed of differing EPRE between signals

RAN1#89 agreements:
· For connected mode in the serving cell and idle mode in camped cell and neighbour cells, it is feasible from RAN1 point of view to use NSSS on an anchor carrier for RRM measurement
· RAN4 are requested to consider if NSSS is a suitable transmission
· How to use, i.e. if and/or under what circumstances to combine NRS with NSSS depend on RAN4 study
· Send an LS containing the above to RAN4, including the agreement from RAN1#88bis that “At least NSSS is used additionally to NRS for in-band, guard-band, standalone”
· Continue to study
· CRS for in-band operation mode
· NPBCH, NPDCCH, NPDSCH on an anchor carrier in the serving cell
· 
RAN1#89 Working assumption, confirmation depending on RAN4 feedback:
· For NSSS-aided measurement accuracy enhancement at least in idle mode, the NSSS-NRS EPRE ratios of serving cell and neighbour cells are signalled to UE by higher layers.
· FFS on details of sets of power offset (e.g., {-3, …, 0, …, 3} in dB}
· FFS on power offset information per-neighbor cell or common for all neighbor cells or common for serving cell and neighbor cells. 
· The possibility to use NSSS is indicated by higher layers.
· Detailed signaling design would be left to RAN2.


RAN1#90 Working assumption, confirmation depending on RAN4 feedback: 
· The ratio of NSSS EPRE to NRS EPRE is configured from {-3, 0, 3, spare} dB. 
· Send LS to RAN4 (cc RAN2) to inform the above, and request feedback on the above working assumption.

RAN1#92 agreements:
· The combination of NRS with NSSS for RRM measurement accuracy improvement is not considered further in RAN1.
· NPDCCH, NPDSCH are not considered as candidates in addition to NSSS, nor in combination with NSSS, to improve the measurement accuracy for serving cell and neighboring cells.
· FFS changes to the NRSSI definitions based on RAN1/4 agreements. 

RAN1#92 Working assumption, confirmation depending on RAN4 feedback
· It is feasible from RAN1 point of view to use NPBCH in addition to NRS for RRM measurement, to be confirmed by RAN4
· In setting new RAN4 requirements (if any), RAN4 does not assume UE regenerates NPBCH and this is up to UE implementation
· Ask RAN4 feedback on the combination of NPBCH with NRS

RAN1#92bis agreements:
· The eNB signals the number of consecutive NSSS occasions, with possible values of 2, 4, [8], that use different precoders for NSSS transmission, and the UE may take such information into account when using NSSS for measurement. If eNB does not signal this, the UE makes no assumptions of the antenna port(s), i.e., “the UE shall not assume that the transmissions of the narrowband secondary synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary synchronization signal in any other subframe”. The signaling does not mandate how, when, and over how many subframes the UE should measure the NSSS, and the measurement accuracy should not assume the UE measures consecutive NSSS occasions.



NPRACH false alarm and cell range enhancements
	
RAN1#89 agreements:
· To support of cell range of at least 100 km, FFS between:
· Cat 1: Rel-13 NPRACH
· Cat 2: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones
· CP length FFS between same as or longer than Rel-13 formats
· Cat 3: New NPRACH numerology with CP length FFS between same as or longer than Rel-13 formats
Option A: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz
Option B: 3.75 kHz subcarrier spacing with minimum hop distance 1.25 kHz
Option C: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
· Combinations of Category 2 and Category 3 solutions are not precluded

· For reduction of NPRACH false alarm probability, FFS between:
· Alt 1: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones
· Alt 2: A frequency shift of k*0.75 kHz is applied to all NPRACH signal in a Cell.
· FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].
· FFS if to apply a phase rotation of m*pi/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
· Signaling of the above frequency shift and phase rotation is FFS.
· Alt 3: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
· Combinations of the above alternatives are not precluded

RAN1#90 Conclusion
· Regarding NPRACH false alarm rate reduction and cell range extension, companies are encouraged to explain the potential impacts of the agreed categories/alternatives on implementations.

RAN1#92 agreements:
· For NPRACH range enhancements, 
· New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.
· Only 800 us CP length is supported


RAN1#92bis agreements:
Confirm the following working assumption made in RAN1#92
· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.
· Down-select the following alternatives at RAN1#92bis:
· Symbol level scrambling
· Symbol group scrambling

· Configurable NPRACH bandwidth is integer multiple of 45 kHz.
· For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.
· For one NPRACH symbol group for subcarrier spacing of 1.25 kHz, one NPRACH symbol group consists of CP+3 Symbols
· FFS the number of symbol groups per NPRACH preamble repetition.
· For frequency hopping within one NPRACH preamble, down-select the following alternatives at RAN1#93 meeting
· Alt 1: 2-level  -/+ 1.25 kHz -/+ 22.5 kHz
· Alt. 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz
· Specification supports that the new NPRACH format resources can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.




NB-IoT small cell support
	RAN1#89 agreements:
· The number of repetitions in the DL and UL for small cells is not increased
· NOTE: This may imply a reduction in MCL for small cells compared to wide area base stations.
· Inform RAN4 
· FFS other aspects of small cells to identify possible RAN1 impacts. 

RAN1#92 agreements:
· FFS the needs of UL power control enhancement in NB-IoT small cell.
· RAN1 does not further study the following topics in NB-IoT small cell in Rel-15
· UL/DL decoupling
· Cell range expansion techniques with NB-IoT small cell
RAN1#92bis agreements:
No agreements were made in this meeting. 



Others
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Table-1: Starting radio frame for SIB1-NB transmission on anchor carrier.
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