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[bookmark: _Toc436096729]Introduction
This contribution lists RAN1 agreements made for Rel-13 NB-IoT (WI code NB_IoT-Core	, WID in RP-152284) until after the RAN1 NB-IoT adhoc#2 in March 2016.
Since the purpose of this contribution is to serve as input to RAN1 CR drafting, this contribution does not capture observations and other informative notes, only agreements and working assumptions 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 not included. The text boxes present the RAN1 agreements – all other text is just informative text from the WI rapporteur. 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]RRC parameters (36.331)
New or modified RRC parameters for L1 configuration are captured in the Excel sheet in the LS in R1-16xxxx. 
Numerology
	RAN1#83 agreements updated in WID at RAN#70 (RP-152284):
· OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs



TDD support
	RAN1#83 agreements:
· NB-IoT supports FS2 in Rel-13 or a later release

RAN1#83 conclusion: 
· NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD
· FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting. 

RAN#70 conclusion:
· REL-13: FDD only + forward compatibility for TDD




CP lengths

	RAN1#83 agreements:
· CP length for DL:
· Alt-1: Normal CP only
· Alt-2: Both normal CP and extended CP are supported
· Down selection between Alt-1 and Alt-2 until next meeting




System information and paging

	RAN1#83 agreements:
· Master information broadcast and system information broadcast are supported for NB-IoT
· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel
· System information broadcast is carried by a second physical channel 
· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 



	RAN1#84 agreements:
· For in-band case, the control region size is indicated in NB-SIB1
· The UE assumes that NB-SIB1 starts from symbol 3
· For guard-band and standalone cases, the control region size is assumed to be 0
· Note that it doesn’t change any previous agreement regarding symbols for NB-PBCH
· SIB1 agreements
· The same TB for NB-SIB1 is transmitted over 8 subframes
· NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames
· Period of NB-SIB1 is not more than 512 radio frames, and choose one of the following alternatives:
· Alt 1. 256 radio frames, with repetitions {4,8,16}
· Alt 2. 512 radio frames, with repetitions {8, 16, 32}
· The subframes which are used are fixed in specification
· The repetitions of NB-SIB1 are equally spaced in time during the period of NB-SIB1
· The NB-SIB1 modification period is FFS



	Post RAN1#84 email agreements:
· Subframe #4 is used for NB-SIB1 transmission within each radio frame transmitting NB-SIB1.
· The period of NB-SIB1 is 256 radio frames, with repetitions {4,8,16}
· Working assumption: The NB-SIB1 modification period is 40.96s.



	RAN1 NB-IoT adhoc#2 agreements:
· System information change
· Agree DCI format N2 for the flag = 0 case in R1-161561 (Latest 36.212 CR)
· FFS: details on flag = 1 case
· Multiplexing of paging records within one RRC paging message is supported by physical layer
· Subframes for scheduling paging transmission is not available for subframes 0 and 5
· NB-SIB1 Details
· 4 NB-MIB bits are used to indicate TBS and the number of repetitions of NB-SIB1( RNB-SIB1) via a table
· The 4 TBS values are selected from the TBS values of NB-PDSCH corresponding to 8 subframe transmission

	Value
	TBS
	Number of repetitions of NB-SIB1 (RNB-SIB1)

	0
	TBS1
	4

	1
	TBS1
	8

	2
	TBS1
	16

	3
	TBS2
	4

	4
	TBS2
	8

	5
	TBS2
	16

	6
	TBS3
	4

	7
	TBS3
	8

	8
	TBS3
	16

	9
	TBS4
	4

	10
	TBS4
	8

	11
	TBS4
	16

	12~15
	Reserved


· The starting frame number for NB-SIB1 repetitions in the NB-SIB1 period is determined according to a table

	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 16

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 48

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 16

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1



· Starting Subframe of Paging CSS
· Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations
· Starting subframe of paging CSS is determined by (PF, PO)
· Starting subframe of paging CSS is further determined by the following: 
· Use the existing PO paging subframe pattern 
· If the subframe SF0 determined by {PF, PO} is a valid DL subframe, then the subframe SF0 is the starting subframe of the paging CSS. 
· If the subframe SF0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DL subframe after SF0 is the starting subframe of the paging CSS 
· Valid DL subframe above refers to subframes NOT occupied by NPBCH, NPSS, NSSS and NSIB1 and not indicated as invalid in a SIB1
· FFS whether and how subframes can be indicated as invalid 
· Note that this definition of valid is specific for the context of this agreement.
	Ns 
	PO when i_s=0
	PO when i_s=1 
	PO when i_s=2 
	PO when i_s=2 

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9



·  SI scheduling
· SI scheduling information is provided in NB-SIB1.
· One transport block of an SI message is transmitted over 8 consecutive valid DL subframes. 
· SI scheduling information is given by –
· TBS (2 bits)
· Values to be decided by RAN2, possible values are {208, 256, 328, 440, 552, 680}
· Repetition pattern
· Number(s) of repetitions (set of values up to RAN2)
· Time interval(s) between repetitions (set of values up to RAN2)
· Note that which is the first subframe for the repetition pattern relative to the start of the SI window is up to RAN2 to define. 




Transmission schemes
	RAN1#83 Working Assumption:
· NB-IoT supports operation with more than one DL tx antenna port
· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC
· Can be revisited at Jan Adhoc if UE complexity issues are identified



	RAN1 NB-IoT adhoc agreements:
· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH


NPBCH
	RAN1#83 agreements:
· For in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index
· i.e. a single fixed predefined PRB location NB-IoT is precluded. 




	RAN1 NB-IoT adhoc#1 agreements:
· In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame
· In FDD mode, NB-PBCH does not use the first 3 symbols in a subframe at least in in-band operation
· For stand-alone and guard band operations, in the subframe transmitted NB-PBCH, the first 3 symbols contains no NB-PBCH
· NB-PBCH is rate matched around 4 port LTE CRS location based on PCID from NB-SSS
· It is not precluded the PCID from NB-SSS is different from the LTE PCID
· Note that the PCID from NB-SSS and the LTE PCID indicate the same LTE CRS position
· The time interval where MIB remains unchanged is 640 ms
· NB-PBCH consists of 8 independently decodable blocks of 80 ms duration
· NB-PBCH reuses the following functionalities from LTE PBCH:
· CRC generation and attachment.
· Tail biting convolutional encoding.
· Rate matching.
· Scrambling.
· Modulation.
· Layer mapping.
· Precoding
· From RAN1 point of views, NB-MIB can be 34-bit payload and has a 16-bit CRC
· NB-MIB includes at least
· SFN
· FFS: Detailed information
· FFS on LTE CRS information
· FFS on NB-RS information
· SIB1 scheduling information
· Operation mode
· FFS: Details at least including explicit or implicit signaling
· FFS on CFI
· FFS on system BW
· FFS on FDD/TDD indication



	RAN1#84 agreements:
· The 4 most significant bits of NB-IoT SFN are indicated in NB-MIB
· 4 bits are used to indicate NB-SIB1 scheduling information in NB-MIB
· Rate matching, scrambling and mapping for Normal CP 
· In FDD mode, after CRC attachment and channel coding, the NB-MIB is rate matched to E=1,600 bits denoted by e0, e1, …,eE-1 according to Section 5.3.1.3 in TS 36.212 
· The rate matched bits are scrambled with a sequence of length 1,600 
· The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 and is initialized with the NB-IoT Physical Cell Identifier (PCI) in each radio frame fulfilling nf mod 64 = 0 where nf is the System Frame Number (SFN) 
· The modulated bits are mapped to resource elements in a frequency first, time second fashion
· Within one NB-MIB TTI, the i-th block of 80ms duration, i=0,1,…,7, is used to transmit bits e200*i+j , j=0,1,…,199, i.e., identical symbols are transmitted in each subframe #0 within the i-th block
· The number of NB-RS ports (1 or 2) is indicated by NB-PBCH CRC masking (all 0’s for 1 port, and all 1’s for 2 ports, as in the current spec for LTE CRS)
· For rate matching purpose for NB-PBCH,  the number of NB-RS ports is based on 2 
· The number of CRS ports is indicated by NB-MIB.
· The deployment mode is indicated by NB-MIB
· Note: it doesn’t imply that it has to be a separate information field
· Raster offset is indicated in NB-MIB
· Working assumption:
· Information to obtain CRS sequence (only needed if same-PCI indicator is set to true), and a same-PCI indicator (to indicate whether or not LTE PCI and NB-IoT PCI are the same) are indicated in NB-MIB 
· Note that this working assumption is related to the working assumption regarding the potential usage of LTE CRS for demodulation
· FFS whether same-PCI indicator and PRB index are always present, or only in in-band case
· The differentiation of FDD vs. TDD is NOT indicated in Rel-13
· Note: it is assumed that there is at least one reserved bit in NB-MIB
· NB-MIB indicates the TBS of NB-SIB1, where the number of different TB sizes for NB-SIB1 transmission is 4.



	RAN1 NB-IoT adhoc#2 agreements:
· Mode indication in MIB
· 2 bits indicating:
· 00: In-band mode when the same PCI indicator is true
· 01: In-band mode when the same PCI indicator is false
· 10: Guard band mode
· 11: Stand-alone mode
· LTE CRS port is indicated separately
· PRB indexing for NB-IoT in-band operation
· PRB indexing offset is from the middle of the LTE system.
· 5 bits are used to indicate the index as given in the table
	Bit index
	Raster 7.5 kHz case (odd case)
	Bit index
	Raster 7.5 kHz case (odd case)
	Bit index
	Raster 2.5 kHz case (even case)
	Bit index
	Raster 2.5 kHz case (even case)

	0
	-35
	9
	15
	14
	-46
	23
	5

	1
	-30
	10
	20
	15
	-41
	24
	10

	2
	-25
	11
	25
	16
	-36
	25
	15

	3
	-20
	12
	30
	17
	-31
	26
	20

	4
	-15
	13
	35
	18
	-26
	27
	25

	5
	-10
	
	
	19
	-21
	28
	30

	6
	-5
	
	
	20
	-16
	29
	35

	7
	5
	
	
	21
	-11
	30
	40

	8
	10
	
	
	22
	-6
	31
	45



· MIB content
· The MIB payload size for all operation modes is the same.
· The exact size should be decided by RAN2 but should be no more than 34 bits without CRC
· The interpretation of the bits depends on the operation mode
· For inband with the same PCI indicator set to false, number of LTE CRS antenna ports is signaled using one bit, i.e., either the same as number of ports used by NB-RS or 4. 
· For inband with the same PCI indicator set to false and guardband, the raster offset is signaled using two bits for {2.5,-2.5,7.5,-7.5}
· Working Assumption on indication of HyperSFN: 
· Use 2 bits in MIB to indicate the two LSB of HyperSFN 
· This working assumption need to be confirmed by RAN2




NPDCCH
	RAN1#83 agreements:
· NB-IoT supports a physical downlink control channel, NB-PDCCH



	RAN1 NB-IoT adhoc#1 agreements:
· A CCE for NB-PDCCH is composed by resources within a subframe
· within a PRB pair, 2 CCEs are defined 
· Single antenna port transmission is also supported based on the above definition 
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
· In in-band, first few OFDM symbols are not used for NB-PDCCH
· FFS CFI is signaled by SIB or MIB or fixed to 3
· In stand-alone and guard-band, all OFDM symbols are assumed to be available for NB-PDCCH
· REG is not defined for NB-PDCCH
· Within CCE resource(s) for NB-PDCCH transmission, a SFBC pair is transmitted consecutively available two REs which is within a OFDM symbol
· REs within SFBC pair can be separated at most one tone
· LTE CRS (if present) is rate matched
· NB-RS  is rate matched
· This has no implication of NB-RS patterns
· FFS: handling of CSI-RS REs
· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM



	RAN1#84 agreements:
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
· Mapping of 2 CCEs: Upper 6 subcarriers are allocated to one CCE and lower 6 subcarriers are allocated to the other CCE within a PRB pair. 
· NB-PDCCH is punctured on REs used for CSI-RS in the in-band case
· No signalling of CSI-RS configurations is provided to NB-IoT UEs.
· CSS is defined for RAR (as well as paging)
· UE is not required to simultaneously monitor NB-PDCCH USS and CSS
· Max aggregation level for NB-PDCCH: 2
· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH
· When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe
· For blind decoding, UE is not required to monitor more than:
· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 
· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe



	Post RAN1#84 email agreements:
· For NB-PDCCH UE-specific search space: 
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {1, 1, 2}, {2, 1, 1}						for Rmax = 1
· {1, 1, 2}, {2, 1, 1}, {2, 2, 1}					for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}					for Rmax = 4
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}	for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
· The duration of a search space is Rmax valid subframes.
· For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4:
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {2, 1, 1}								for Rmax = 1
· {2, 1, 1}, {2, 2, 1}						for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}					for Rmax = 4
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax/2, 1}, {2, Rmax, 1}	for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space
· For CSS for paging, 
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to monitor a single candidate which starts at the beginning of the search space. 
· The parameter Rmax,paging is cell specific and broadcasted in NB-SIB. 
· For in-band and guard-band operations, Power boosting is assumed for extreme coverage on the CSS for paging



	RAN1 NB-IoT adhoc#2 agreements:
· Confirm the working assumptions
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
· DCI content: 
· Number of repetitions of NB-PDCCH:
· 2 bits (except for CSS for paging)
· 3 bits for CSS for paging
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
· 3 bits for NB-PDSCH (except for CSS for paging)
· 0 bits for paging
· 2 bits for NB-PUSCH
· Values are FFS. 
· Start of PDCCH search space: 
· Signalled by RRC with 3 bits for each search space except for CSS for paging
· NPUSCH subcarrier allocations
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. The total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of
1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}
3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}
4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12}
· 6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces
· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
· For NB-PDCCH common search space for Paging, UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
	Rmax
	Common search space monitoring sets

	1
	{2, 1, 1}                                                                                                                                                                                                                            

	2
	{2, 1, 1}, {2, 2, 1}                                                                                                               

	4
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                                               

	8
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}                                                                                

	16
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}                                                              

	32
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}                                            

	64
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}

	128
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}

	256
	{2, 1, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}

	512
	{2, 1, 1}, {2, 4, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}

	1024
	{2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}

	2048
	{2, 1, 1}, {2, 8, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}, {2, 2048,1}      


· Working Assumption:
· At least for UEs in extreme coverage (FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any), for transmission in downlink which requires large number of repetitions, DL gaps can be introduced during the repetitions of NPDSCH and NPDCCH
· Note: During a DL gap, UEs other than those configured with the particular gap can receive their NPDSCH and/or NPDCCH 
· Gap configuration is provided by SIB signaling
· Configuration information is composed of a subset of the following: 
Gap enable/disable, Gap starting point (periodicity, offset), Gap size, number of Gaps for Rmax
· Rmax repetitions
· Exact subset is FFS.
· FFS how many gap configurations are needed
· For a given UE, the subframes designated as DL gap are treated as invalid DL subframes for the given UE
· Invalid subframe means: When overlapping with a DL gap, PDCCH and PDSCH repetitions are FFS (until RAN1#84bis)
· either postponed to the next valid DL subframe 
· or skipped
· Note that these gaps do not apply in Idle Mode. 
· Note that this does not impact downlink-uplink timing relationships



NPDSCH

	RAN1#83 agreements:
· NB-IoT supports a physical downlink shared channel, NB-PDSCH
· The max TBS size for NB-IoT in DL is no less than 520bits



	RAN1 NB-IoT adhoc#1 agreements:
· There are two NB-IoT downlink transmission schemes defined in all operation modes:
· Single antenna port (port 0)
· Two antenna ports (ports 0 and 1), using transmit diversity, i.e. SFBC
· No NB-IoT transmission mode is defined using any other transmission scheme
· If the number of NB-PBCH antenna port is 1, single-antenna port, otherwise transmit diversity, i.e. SFBC
· For PDSCH: 
· Resource mapping: frequency first, then time.
· QPSK baseline, 16-QAM FFS
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported
· Multiple NB-IoT carriers operation for NB-IoT is supported  at least for in-band, guard-band operation modes
· FFS: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB
· FFS: which PRB is defined as the anchor PRB
· Additional PRBs are configured by MIB and/or SIB and/or RRC signaling
· If more than one PRBs are allocated in the in-band operation, not all of those PRBs need to satisfy 100 kHz channel raster requirements
· FFS: Detailed signaling
· FFS: Stand-alone operation




	RAN1#84 agreements:
· Error detection through 24-bit Cyclic Redundancy Check (CRC) for NB-PDSCH follows Section 5.3.2.1 in TS 36.212
· Note that it does not have impact on the discussion of potential support of data over physical control channel
· Clarify that the Tail biting convolutional encoding  agreed for NB-PDSCH is according to section 5.1.3.1 in TS 36.212
· 16QAM is not supported for NB-PDSCH
· The maximum TBS for NB-PDSCH is 680 bits
· Redundancy versions (RVs) for NB-PDSCH are not supported
· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS
· Sub-PRB allocations of the NB-PDSCH are not supported
· In in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS.
· NB-PDSCH for paging is always scheduled by a control channel
· Multiple NB-IoT carriers for the in-band, guard-band and standalone deployments
· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 



	Post RAN1#84 email agreements:
· The scrambling sequence for NB-PDSCH is according to Section 7.2 of TS 36.211
· If the codeword is mapped to more than one subframe, the scrambling sequence generator is initialised at the start of each codeword and at the start of each repetition cycle
· A repetition cycle is defined as the basic unit in which a full codeword is repeated
· If the codeword is mapped to a single subframe, the scrambling sequence initialization is FFS
· The initialisation value cinit is according to Section 6.3.1 of TS 36.211 for the LTE PDSCH
· FFS: cinit also depends on the radio frame number and/or repetition number in case scheduling window is agreed
· Note: support of symbol level combining is not precluded




	RAN1 NB-IoT adhoc#2 agreements:
· CW for NB-PDSCH can be mapped to multiple subframes
· MCS/TBS definitions
· Separate indication of and NPRB and ITBS with 3-bit NPRB sizes and 4-bit ITBS and total 7 bits indication
· Yellow colored entries in the table are supported. The entries without colors are not supported. 
· QPSK for all TBS.
· ITBS = 11 and 12 are supported only for standalone and guardband. 
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696 680

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328 88
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712 680
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536



· PDCCH order is always received in the UE-specific SS
· After receiving Msg.4 (random access procedure success),
· if the UE cannot be RRC reconfigured
· UE uses the previous configured dedicated RRC configuration (e.g. it monitors the USS in the previously configured PRB)
· Any combination, i.e., inband+inband, inband+guardband, and guardband+guardband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs from the same FFT
· No support of NB-IoT multi-carrier operation for standalone mode with either guard-band or in-band mode of operation
· Standalone+standalone should be allowed for NB-IoT multi-carrier operation with the constraint that the total frequency span cannot exceed 20MHz and both NB-IoT carriers are synchronized, i.e., the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104
· On PRBs different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions, the NB-IoT UE does not rate match around NB-PBCH and NB-PSS/SSS, i.e., the mapping of NB-PDCCH/PDSCH symbols to REs occurs without consideration of NB-PSS/SSS/PBCH
· Repetition
· The repetition pattern within the allocated resources is realized by using Cyclic repetition
· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times
· Z = Min(4, repetition) for multi-tone transmission
· Z = 1 for single-tone transmission
· Different scrambling is used in each cycle




NPSS and NSSS
	RAN1#82bis agreements:
· Design of synchronization signal should consider the UE power consumption, UE complexity, resource overhead, and performance, and impact to the false detection of legacy devices
· Synchronization signal should not utilize the legacy control region
· FFS: size of the legacy control region
· The synchronization signals of NB-IoT consist of primary synchronization signal (PSS) and secondary synchronization signal (SSS). 
· NB-IoT PSS/SSS do not use at least:
· the LTE PDCCH control region 
· REs used by LTE CRS
· The following mechanisms may be considered: 
· NB-IoT PSS/SSS are punctured by LTE CRS 
· Other mechanisms (including, for example, not using OFDM symbols used by LTE CRS, or transmitting the NB-IoT PSS/SSS in LTE MBSFN subframes) are not precluded
· NB-IoT PSS/SSS design should consider different CP lengths (e.g. normal CP and extended CP) if supported 
· FFS whether the operation mode (i.e. some or all of standalone / guard-band / in-band) needs to be indicated somehow.
· FFS whether/how FDD/TDD needs to be indicated. 



	RAN1#83 agreements:
· Confirm working assumption on supporting 504 PCIDs
· PCID is indicated by NB-SSS 
· FFS whether some bits of the NB-IoT frame number are derived from NB-SSS
· FFS how many bits of NB-IoT frame number are indicated
· FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases
· Operation mode is indicated in one of the following ways:
· Alt-1:Indication is by NB-SSS
· Alt-2: Indication is by NB-MIB
· Other options are not precluded
· FFS whether the number of values that can be indicated is equal to or less than the number of operation modes (i.e. 3) 
· The following resource mapping rules are complied with:
· The first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS
· FFS for special subframe in TDD
· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists)
· FFS for CRS ports 2,3 in FS2
· NB-PSS/SSS occupy fixed number of OFDM symbols in each synchronization subframe 
· Extended CP if supported: NB-PSS and NB-SSS span 9 OFDM symbols and Y OFDM symbols in each subframe transmitting synchronization signal 
· One value of Y to be selected in the range 6 to 9, at least for FDD
FFS: NB-PSS/SSS are punctured by LTE CSI-RS and PRS if collision occurs



	RAN1 NB-IoT adhoc#1 agreements:
· One transmission of NB-PSS, NB-SSS, NB-PBCH, and NB-PDSCH never overlaps between multiple LTE PRB bandwidths for inband operation
· The number of subcarriers for NB-SSS is 12
· The number of subcarriers for NB-PSS is 12 or 11
· FFS: exact number of subcarrier
· 100kHz channel raster is assumed by UEs in all three operation modes (i.e. standalone, guard-band and in-band)
· The NB-IoT NB-PSS/NB-SSS center frequency is aligned to 100kHz channel raster in standalone mode
· NB-PSS uses the last 11 OFDM symbols of subframes in which NB-PSS occurs for normal CP
· NB-SSS uses the last [11] or [9] OFDM symbols of subframes  in which NB-SSS occurs for normal CP



	RAN1#84 agreements:
· The periodicity of NB-PSS transmission is 10ms.
· The sequence for NB-PSS is generated at each OFDM symbol
· Length-11 Zadoff-Chu Sequence in frequency domain is used for sequence generation for each OFDM symbol and 11 REs are used per OFDM symbol.
· The 11 root sequence indices are FFS. 
· NB-PSS is transmitted in subframe 5
· NB-SSS is transmitted in subframe 9 
· Number of symbols for NB-SSS: 11
· NB-SSS base sequence is constructed from one or more ZC sequences
· Length FFS
· FFS whether multiple root sequences are used or a binary scrambling code
· For NB-IoT DL carrier frequency determination in in-band operation mode
· Before RRC connection, the UE only expects NB-PSS/SSS in PRBs which satisfy the following:
· The maximum offset from the LTE channel raster to the center frequency of an NB-IoT carrier which transmits NB-PSS/SSS is no more than 7.5 kHz
· NB-PSS/SSS of an NB-IoT carrier is aligned to a PRB indexed by nRB in in-band operation mode
· The set of nRB  consists of LTE PRB indices in the following Table (starting from 0)  on the next slide
[image: ]
· For NB-IoT DL carrier frequency determination in guard-band operation mode, before RRC connection, the UE only expects NB-PSS/SSS in PRBs which satisfy the following:
· The center frequency of a NB-IoT carrier which transmits NB-PSS/SSS is fd kHz away from LTE center in guard-band operation mode
· Each fd is such that the NB-IoT carrier is within the guard-band, and the center frequency is with a frequency separation from LTE centre which is at most 7.5 kHz offset from the 100 kHz channel raster.
· Note: the 15KHz numerology is still assumed in the guard band
· For NB-IoT UL frequency carrier determination for all deployment scenarios:
· For initial access, the NB-IoT DL/UL frequency separation is configured by higher layers (SIBx) and is cell-specific
· After the initial random access procedure success, there can also be a UE specific configuration for the NB-IoT DL/UL frequency separation.



	RAN1 NB-IoT adhoc#2 agreements:
· NPSS
· Adopt the NB-PSS design from R1-161981
· Base sequence: Zadoff-Chu sequence of size 11 with root index 5 and no shift
· Code cover: [1  1  1  1  -1  -1  1  1  1  -1  1]




DL Reference signals
	RAN1 NB-IoT adhoc#1 agreements:
· A NB-RS is used at least for NB-PBCH and that is common among all operation modes
· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes
· FFS: Additional utilization of LTE CRS in in-band operation mode
· For NB-PDCCH/NB-PDSCH,
· In-band operation
· NB-RS is present without condition
· Stand-alone and guard-band operations
· Only NB-RS is used



	RAN1#84 agreements:
· For the two antenna ports of NB-RS, antenna ports 0 and 1 are mapped to the last two OFDM symbols of the slot.


· NB-RS uses a cell-specific frequency shift derived as NB-IoT Cell ID mod 6
· For NB-RS sequence, LTE CRS sequence is reused for NB-RS
· Centre of LTE CRS sequence is used as NB-RS sequence for all PRBs 
· Working assumption:
· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
· When the same-PCI indicator is set to true
· The UE may assume that cell ID is identical for NB-IoT and LTE,  
· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS
· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS
· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1
· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available
· When the same-PCI indicator is set to false
· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching



	RAN1 NB-IoT adhoc#2 agreements:
· Confirm the working assumption on usage of CRS
· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2
· Presence of NRS
· In cell-specific valid DL PRB pairs, a NB-IoT UE may assume that NB-RS is present 
· In cell-specific invalid DL PRB pairs, a NB-IoT UE shall not expect NB-RS
· In the PRB pair to carry NB-PSS and NB-SSS, a NB-IoT UE shall not expect NB-RS
· For in-band operation, in NB-IoT carrier, a UE without a valid configuration of the cell-specific valid DL subframes may assume NB-RS is transmitted in subframes #0 and #4 and in subframe #9 if it does not contain NB-SSS
· For guard-band and stand-alone operation, in NB-IoT carrier, a UE may assume NB-RS is transmitted in all subframes except for NB-PSS and NB-SSS
· NRS Signaling Support
· UE may assume
· If the number of NB-RS antenna ports is one,
· the EPRE of NB-RS and the EPRE of all NB-IoT DL channels is the same
· If the number of NB-RS antenna ports is two,
· the EPRE per antenna port of NB-RS port is 3dB larger compared to the EPRE per antenna port of all NB-IoT DL channels
· This means no signaling support of power offsets
· NRS power allocation
· When the same-PCI indicator is set to TRUE, 
· NB-RS power offset between NB-RS and LTE CRS is indicated in SIB
· If there is no SIB indication, UE may assume the equal power between NB-RS and LTE CRS
· RAN1 recommends RAN2 to indicate this signaling by SIB1




NPUSCH
	RAN1 NB-IoT adhoc#1 agreements:
· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD
· X(115kHz) is 8 for 15 kHz case with single tone transmission
· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission
· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)
· In case of 12 tones is allocated for one UE, X{12} is 1
· UL multi-tone transmission for the data with 12 tones is supported
· UL multi-tone transmission for the data also supports followings of numbers of multiple 
· {3} with 4 msec resource unit size
· {6} with 2 msec resource unit size
· Allow one TB scheduled over more than one resource units in time
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 
· At least for FDD with the normal CP case,
· For 3.75kHz subcarrier spacing of uplink, 
· Define a 2ms NB-slot, there are 7 symbols. 
· One symbol consists of [FFS] Ts of symbol with CP length of [FFS] Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.
· The above symbols are located from the beginning of 2ms period. FFS the usage of the remaining time in the NB-slot if there is the remaining time
· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd
· FFS on collision of LTE SRS for in band mode 
· Opt 1: eNB scheduling or implementation
· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 
· Opt 3: define a GP to avoid potential collision
· Note combination of above options can also be considered. 
· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized
· FFS: Phase rotation for RS(s)
· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT
· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR



	RAN1#84 agreements:
· Adaptive HARQ is supported for uplink.
· The HARQ re-transmissions in the uplink are asynchronous. 
· PHICH is not supported for NB-PUSCH
· Working Assumption:  
· Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)
· For 3.75kHz subcarrier spacing of uplink with normal CP, 
· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 
· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS



	RAN1 NB-IoT adhoc#2 agreements:
· Maximum TBS size for NB-PUSCH is 1000 bits
· Repetition
· The repetition pattern within the allocated resources is realized by using Cyclic repetition
· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times
· Z = Min(4, repetition) for multi-tone transmission
· Z = 1 for single-tone transmission
· Different scrambling is used in each cycle
· NOTE: RV cycling is feasible under this repetition
· Two redundancy versions, LTE RV0 and LTE RV2, are supported for NB-PUSCH
· TBS/MCS
· For multi-tone and single-tone,
· RV0 or RV2 is separately indicated by 1 bit DCI. RV2 is supported in all ITBS
· Starting point is to reuse TBS/MCS table for DL
· ITBS is 4 bits indication in DCI
· NPRB is 3 bits indication in DCI. NPRB indicates the number of resource unit   
· For multi-tone, support ITBS equals 0 to at least 10
· For single-tone, support ITBS equals 0 to 10
· For single-tone cases,
· Pi/2 BPSK is used for the lowest one ITBS entry or lowest two ITBS entries. Pi/4 QPSK is used in the other ITBS entries




RACH for NB-IoT
	RAN1 NB-IoT adhoc#1 agreements:
· Use only preamble based PRACH for NB-IoT
· Msg3 sizes up to 64 bits at the physical layer can be supported under all conditions (Coverage, operation mode, and subcarrier spacing)
· RAN1 may agree the further larger values for the Msg3 size
· Support one PRACH scheme for all MCL cases
Working assumption:
· PRACH scheme is based on single-tone transmission



	RAN1#84 agreements:
· Confirm WA that NB-PRACH is based on single-tone with frequency hopping.
· NB-PRACH uses a subcarrier spacing of 3.75kHz 
· 2 CP lengths are provided to support different cell sizes
· 66.7 us and 266.7 us
· Hopping is between groups of symbols
· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us
· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 
· Details of hopping:
· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups
· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups
· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:
· Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping
· eMTC search space scheme is reused for Msg3 retransmission and Msg4 transmission.
· The following numbers of NB-PRACH repetitions are provided in the specifications:  
· {1, 2, 4, 8, 16, 32, 64, 128}
· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set
· Power ramping:
· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level
· Otherwise, the UE uses NB-PRACH power ramping 
· The UL grant for the initial transmission of Msg3 is included in the RAR.
· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.
· DCI in NB-PDCCH indicates the number of repetitions of NB-IoT RAR / Retransmission of Msg3/Msg4
· Note that joint indication of number of repetitions with other DCI contents is not precluded
· Multi-tone Msg3 is supported
· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 
· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection
· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:
· NB-PRACH sequence
· NB-PRACH hopping pattern
· Each NB-PRACH resource also has a repetition level configured 
· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications
· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 
· Subcarrier spacing is indicated:
· For Msg3:
· in RAR 
· Subsequent NB-PUSCH transmissions:
· Follow RAR always
· Note that if RAN decides that one subcarrier spacing is not mandatory for the UE, a decision would need to be taken as to whether or not to specify error cases.




	RAN1 NB-IoT adhoc#2 agreements:
· For NB-PRACH,
· A symbol group consists of 1 CP + 5 identical symbols
· The symbol values do not change across symbol groups during a NB-PRACH transmission
· The configuration of NB-PRACH resource is given by
· Periodicity (3 bits)
· {40, 80, 160, 240, 320, 640, 1280, 2560} ms
· When PRACH resource and PUSCH collide, PUSCH is postponed
· Number of repetitions (3 bits)
· {1, 2, 4, 8, 16, 32, 64, 128}
· Number of opportunities per period
· 1 (no indication needed)
· Starting time of period (FFS bits)
· FFS
· Repetition uses contiguous subframes within one period 
· Frequency
· Frequency location in subcarrier offset (3 bits)
· {0, 12, 24, 36, 2, 18, 34}
· Number of subcarriers (2 bits)
· {12, 24, 36, 48}
· Multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH
· {32, 64, 128}
· RAR is transmitted on an NPDSCH scheduled by an NPDCCH
· The NPDSCH transport block can contain RAR messages to multiple UEs
· Existing timing advanced procedure is reused for NB-IoT
· FFS: The time for the TA adjustment (legacy is n+6)
· The timing advance update does not impact the phase settings
· i.e. phase is determined in the same way with or without timing advance
· Timing relationships for random access
· For NB-PRACH transmission following a PDCCH order, the start of NB-PRACH transmission is the first opportunity that is >=8ms later than the end of its associated PDCCH order.
· For Msg3, 
· The start of Msg3 transmission is the first opportunity that is >=12ms later than the end of the corresponding RAR transmission.
· In case a RAR is received with no response to the corresponding NB-PRACH, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR.
· In case no RAR is received at the end of the RAR window, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR window.




Timing Relationships
	RAN1#84 agreements:
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 
· The start of DL A/N transmission is >=3ms later than the end of the corresponding NB-PUSCH transmission
· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission
· Working Assumptions:
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
· Half duplex operation:
· The HD-FDD guard period is Type B
· When NB-IoT UE is transmitting, UE is not expected to monitor or receive any downlink channels



Uplink DM-RS
	Post RAN1#84 email agreements:
· pi/2-BPSK constellation is used for DM-RS sequence for pi/2-BPSK modulated data symbols
· pi/4-QPSK constellation is used for DM-RS sequence for pi/4-QPSK modulated data symbols 
· The same sequence generator is used for DM-RS sequence for both pi/2-BPSK and pi/4-QPSK modulated data symbols 
· DM-RS is not mapped to a OFDM symbol which can potentially collide with LTE SRS 
· In 3.75 kHz, 4th symbol in each NB-slot 
· In 15 kHz, 14th symbol



	RAN1 NB-IoT adhoc#2 agreements:
· One OFDM symbol in each NB-slot is assumed for DM-RS transmission for NB-PUSCH with data
· Legacy DM-RS sequence with length 12 is used for 12-tone transmission
· Sequence generation
· DM-RS pattern for single tone NB-PUSCH that conveys data transmission:
· Alt.1 Element-wise product of 
· a Hadamard sequence (one row of a Hadamard matrix)
· a PN or Gold-sequence based binary random sequence
· Alt.2 Element-wise product of 
· a codeword from a linear cyclic code 
· a PN or Gold-sequence based binary random sequence
· Gold sequence or PN sequence is common (not cell_id dependent)
· Note: Choice of Alt.1 vs. Alt.2 depends on ratio on required number of sequences to sequence length
· Hadamard sequence or codeword from a linear cyclic code is cell_id dependent
· Preclude CDM within the same cell
· Gold sequence or PN sequence is reset in the first symbol of the transmission
· Length of the sequence for DM-RS is 16
· Phase rotation
· For single-tone modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211 for QPSK and Table 7.1.1-1 for BPSK) by exp(j*m*π/2) for π/2-BPSK case and exp(j*m*π/4) for π/4-QPSK respectively
· Where m = ( symbol index mod 2 )
· symbol index counts from 0
· Note: The waveform generation should ensure that the phase transitions at symbol boundaries (i.e. between the end of one symbol and the start of the CP of the next symbol) match those defined by the used modulation scheme, i.e., ±π/2 for π/2-BPSK, and ±π/4 or ±3π/4 for π/4-QPSK
· DM-RS for multi-tone transmission
· For 3-tone transmission, DM-RS is mapped to 3-tone in the same subcarriers as data
· For 6-tone transmission, DM-RS is mapped to 6-tone in the same subcarriers as data
· New DM-RS base sequences with length 6 are introduced at least for 6-tone transmission
· Working assumption: 16 different base sequences are provided
· DM-RS base sequence is based on QPSK symbols in the frequency domain
· FFS: One new DM-RS base sequence with length 3 is introduced for 3-tone transmission
· FFS: DM-RS base sequence is based on QPSK symbols in the frequency domain
· FFS: 6 cyclic shift values are supported for 6-tone transmission
· FFS: 3 cyclic shift values are supported for 3-tone transmission
· DMRS pattern for single tone NB-PUSCH that conveys data transmission:
· For 15 kHz subcarrier spacing, the 4th symbol of every 7 symbols (i.e. same as LTE).
· For 3.75 kHz subcarrier spacing, the 5th symbol of every 7 symbols in 2ms NB-slot



Uplink control information
	Post RAN1#84 email agreements:
· Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes: 
· No CRC 
· Repetition coding is used 
· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used 
· Frequency offset for A/N transmission resource is dynamically indicated by DL grant 
· FFS whether time resource of A/N transmission is also indicated by DL grant or implicitly determined.



	RAN1 NB-IoT adhoc#2 agreements:
· A/N transmission subcarrier spacing is same to the subcarrier spacing configured for PUSCH when single tone transmission is used for A/N transmission
· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission
· Number of repetitions for A/N transmission corresponding to Msg 4 is semi-statically configured by SIB per PRACH resource set
· This is used as a default value to number of repetitions for A/N transmission after Msg4
· A/N piggybacking on PUSCH is not supported in Rel-13
· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 
· Details FFS in RAN1
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:
· Only single tone transmission is supported
· Working Assumption: 
· Support 3 DM-RS symbols per 7 symbol period
· The DM-RS sequence is obtained as
· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH
· 
The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
· Working Assumption can be changed to 1 DMRS symbol at RAN1#84bis if significant gain is not observed compared to 1 DMRS symbol. 
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:
· ∏ /2-BPSK modulation is used for single tone transmission
· Number of repetitions of A/N resource unit is semi-statically configured by RRC signaling at least if the associated NB-PDSCH is after Msg4


Uplink power control
	RAN1 NB-IoT adhoc#2 agreements:
· For NB-PUSCH data transmission, the uplink power setting re-use section 5.1.1.1 of 36.213, that is for serving cell c and subframe i ( for 15 kHz subcarrier spacing) or NB-Slot i (for 3.75 kHz subcarrier spacing)
· PNPUSCH,c(i)=min{PCMAX,c(i), 10log10(MNPUSCH,c(i))+PO_NPUSCH,c+ αc(j) PLc+fc(i)}
· MNPUSCH,c(i)
· Alt 1: {1/4, 1,3,6,12} (reflecting UL transmission resource BW)
· Alt 2: {1,3,6,12} (3.75 kHz is adjusted by using PO_NPUSCH,c)
· PO_NPUSCH,c(j)=PO_UE_NPUSCH,c(j)+PO_NOMINAL_NPUSCH,c(j)
· When j = 1, PO_UE_NPUSCH,c(1) and PO_NOMINAL_NPUSCH,c(1) are configured by higher layers, where j = 1 is used for NB-PUSCH data (re)transmissions.
· When j = 2, which is used for NB-PUSCH (re)transmissions corresponding to the random access response grant, PO_UE_NPUSCH,c(2)=0 and PO_NOMINAL_NPUSCH,c(2)=PO_PRE+ΔPREAMBLE_Msg3, where the parameter PO_PRE and ΔPREAMBLE_Msg3 are signaled from higher layers for serving cell .
· For j = 1, αc(j) is configured by higher layers, and αc(j)=1 for j = 2.
· fc(i)
· Alt 1: A power adjustment parameter indicated by DCI
· Alt 2: No TPC command, fc(i)=0
· UL power control for ACK/NACK transmission uses the same procedure as normal NB-PUSCH transmission.
· Alt. 1: Accept above formulas
· Alt. 2: With alpha = 1
· Power headroom
· RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using [2 bits] for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits
· Dynamic indication utilizing DCI is not supported
· Note: Above does not request to change Msg. 3 size
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