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[bookmark: _Toc436096729][bookmark: _Toc448452928]Introduction
This contribution lists RAN1 agreements made for Rel-14 NB-IoT (WI code NB_IOTenh, WID in RP-161901) until after the RAN1#88 in Feb 2017.
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, 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 provided in separately in R1-1704032. 
OTDOA based positioning
	RAN1#86:
· No agreements but only observations are made in this meeting. 
RAN1#86bis agreements:
· Introduce a new positioning reference signal for OTDOA in NB-IoT
· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.
· The subframes which contain NPRS are configured by higher-layers
· Per NB-IoT carrier, it is possible to configure the subframes used NPRS transmission such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs in the cell of:
· NPDCCH
· NPDSCH
· NPBCH
· NPSS/NSSS
· Configuration of time resources for NPRS
· Indication of exact subframes is by
· Part A: A bitmap on subframes which are not NB-IoT DL subframes (i.e. invalid DL subframes)
· Alt. 4.A1: Bitmap is a fixed length of 10 bits
· Alt. 4.A2: Bitmap is a the same length as valid subframe configuration, i.e. 10 bits or 40 bits
· Alt. 4.A3: Bitmap is a fixed length of x bits (e.g., x = 20)
· FFS which until RAN1#87
· Part B: Indicated with one start subframe, one periodicity, and one number of repetitions for the occasions 
· On an anchor carrier, Part A and/or Part B	Comment by Author: Note: In RAN1#88 Support for inband PRS pattern with part B only is removed

· On a non-anchor carrier, Part A and/or Part B
· Indication of NPRS muting patterns is
· Indicated with a periodic NPRS muting sequence
· Details are FFS
RAN1#86bis Working assumptions:	Comment by Author: Note: NB-IoT positioning reference signal design was completed by later agreements. 
· NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 
· FFS: With additional REs in guard-band and standalone operation modes
· FFS: Increased density per cell according to coverage
· NB-IoT PRS do not occur in a subframe containing
· NPDCCH
· NPDSCH
· NPBCH
· NPSS/NSSS
RAN1#87 agreements:
For inband scenario
· If NPRS subframe configuration is part A or Part A + Part B, legacy LTE PRS pattern in one PRB is adopted
· The NPRS location in slot is generated by the formula below

where   is the slot number within a radio frame;    is the OFDM symbol number within slot    ;  is the subcarrier index within LTE bandwidth which is used for NB-IoT NPRS transmission;   is the PRB index within LTE bandwidth which is used as NB-IoT NPRS PRB;          is the cell-specific frequency shift generated by     ,where   equals  unless configured by higher layers.
· Note:  It is assumed  , , , and PBCH antenna ports number will be signalled by higher layers.
· If NPRS subframe configuration is part B only, NPRS is punctured in OFDM symbols 5 and 6 in each slot

For standalone and guard-band scenario
· If NPRS subframe configuration is part A or Part A+ Part B, the pattern in the figure below is adopted 
· The NPRS location in slot is generated by the formula list below:


        
where  is the OFDM symbol number within slot  ;  is the subcarrier index within LTE bandwidth which is used for NB-IoT NPRS transmission;      is the cell-specific frequency shift generated by     ,where   equals  unless configured by higher layers.
· Note:  It is assumed  , ,  will be signalled by higher layers.
· If  NPRS subframe configuration is part B,  NPRS is punctured in OFDM symbols 5 and 6 in each slot

· NPRS is configured per NB-IoT carrier transmitting NPRS
· Each NB-IoT carrier can have different configuration parameter
· Part A:A bitmap for NPRS subframe indication in one NPRS occasion
· bitmap length is the same as valid subframe configuration, i.e. 10 bits or 40 bits
· Subframes not containing NPRS are indicated with ‘0’
· Subframes containing NPRS are indicated with ‘1’
· Signalling is provided for the UE to indicate its capability of  maximal bandwidth for RSTD measurement for OTDOA positioning to the E-SMLC in LPP
· An NB-IoT UE can receive assistance information regarding LTE PRS.
· This includes additional PRS configurations introduced in Rel-14 Indoor Positioning and FeMTC work items (if any).
· UE is not required to receive any reference signal not within the bandwidth of one NB-IoT carrier containing NPRS at a time.
· RAN4 are requested to set requirements for NB-IoT positioning assuming UE uses only NPRS within one carrier.
· Additionally or alternatively, an NB-IoT UE can receive assistance information regarding 1-PRB NPRS
· For Part-B NB-IoT specific assistance information:
· Number of subframes of NPRS in one occasion is NPRS {10, 20, 40, 80, 160, 320, 640, 1280} 
· Periodicity of NPRS occasion TPRS: 160ms, 320ms, 640ms, 1280ms.
· Valid configurations are those satisfying NPRS <= TPRS
· For a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion = , 

· NPRS sequence is determined based on a subsequence of length-2 truncated from PRS sequence introduced in Rel-14 for further indoor positioning enhancements.
· For stand-alone and guard band operations, the length-2 NPRS sequence is the central 2 elements of Rel-14 PRS sequence.
· For in-band operation, the length-2 NPRS sequence is truncated from Rel-14 PRS sequence corresponding to the LTE PRB of the NB-IoT carrier.
· Muting pattern
· Support 2, 4, 8, and 16 bit bitstring
· Each bit in a muting pattern corresponds to:
· For Part A, consecutive 10 subframes
· For Part B,  one NPRS occasion
· Per NB-IoT carrier, one muting pattern is signaled associated with Part A (if configured) and one muting pattern is signaled associated with Part B (if configured) 
· If part A and part B are both configured then a subframe contains NPRS if both configurations indicate it contains NPRS measurements.

· UE is not required to receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during RSTD measurements.

RAN1#88 agreements:
· NPRS are mapped to antenna port 2006
· For in-band operation, OTDOA Assistance Data includes information for the UE to calculate the LTE PRB index of each NB-IoT carrier configured with NPRS according to the following table:

	[bookmark: OLE_LINK233][bookmark: OLE_LINK234][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK227]NPRS-SequenceInfo
	

E-UTRA PRB index for odd number of 
	NPRS-SequenceInfo
	

E-UTRA PRB index for even number of 

	0 - 74
	-37, -36, …, 37
	75 - 174
	-50, -49, …, 49



· Support for inband NPRS pattern with part B only is removed
· If configured, target device may assume that the antenna ports between NPRSs in different NPRS configurations are quasi co-located.	Comment by Author: Note: It is RAN1 understanding that the these agreements do not require additional requirements by RAN4
· If configured, target device may assume that the antenna ports between NPRS in a NPRS configuration and PRS in a PRS configuration are quasi co-located.
· If a target device is configured to allow to assume the antenna ports of NPRS/PRS are quasi co-located, the target device reports a single RSTD measured for the quasi co-located antenna ports of NPRS/PRS.
· If the anchor NB-IoT carrier supports NPRS configuration by Part B only, the repetition number of SIB1-NB on the anchor carrier is indicated in OTDOA assistance data 
· Detail signaling is left to RAN2.
· The slotNumberOffset and SFN_offset between reference cell and neighbor cell for OTDOA in NB-IoT can optionally be included in assistance data for OTDOA
· If slotNumberOffset is not included in higher layer signaling for NB-IoT, follow current TS36.355 specification, i.e. slotNumberOffset, corresponds to the number of full slots counted from the beginning of a radio frame of the assistance data reference cell to the beginning of the closest subsequent radio frame of the neighbor cell.
· Value set of slotNumberOffset is {0,1,…19}
· SFN_offset = N_rf mod 64 , N_rf corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of the assistance data reference cell to the beginning of the closest subsequent radio frame #0 of the neighbor cell.
· Value set of SFN_offset is {0,1,…63}
· Detail signaling is left to higher layer.
· UE may assume the slot timing of the neighbor cell is the same as for the assistance data reference cell, if slotNumberOffset is absent.
· UE may assume the frame timing of the neighbor cell is the same as for the assistance data reference cell, if SFN_offset is absent.
· Per NB-IoT carrier configured for NPRS
· UE may assume the same precoder is used for a number of NPRS subframes corresponding to length of bitmap for part A or part A+ part B and NNPRS for part B only
· Note: It is up to the editor how to capture this in the specification
· UE can assume NPRS are not present in subframes transmitting NPSS, NSSS, NPBCH, in the serving cell, for part A, part B, and part A + part B.
· Collision between NPDCCH/NPDSCH and PRS/NPRS PRBs.
· It is up to eNB how to avoid or manage interference between PRS/NPRS transmission and NPDCCH/NPDSCH transmission 
· Use PRS baseband definition for NPRS in case of in-band NB-IoT carrier configured with NPRS
· UE can assume that any subframe configured to contain NPRS by part A bitmap in part A or partA+part B configuration does not contain NRS.







UTDOA based positioning
	RAN1#86:
· No agreements but only observations are made in this meeting. 
RAN1#86bis conclusions:
· Rel-13 NPRACH preamble is the best candidate and can be used as a signal for NB-IoT UTDOA in some scenarios.
· Whether it is feasible in a given network deployment depends on issues including network coordination, interference handling, power control, in-band emissions, capacity impacts, etc.
· Companies are encouraged to identify in RAN1#87 scenarios where it is and is not feasible.
RAN1#87:
· No agreements nor observations are agreed in this meeting. 
RAN1#88 Conclusion:
· There was no consensus on the feasibility and performance of UTDOA using Rel-13 NPRACH.




SC-PTM

	RAN1#86 agreements:
· SC-PTM in NB-IoT is supported at least in RRC_IDLE mode. FFS RRC CONNECTED mode.
· In RRC IDLE mode, priority between SC-PTM and the following needs to be decided at least for:
· SC-PTM and paging, if there is a collision issue
· SC-PTM and a random access procedure (e.g. for unicast BSR), if there is a collision issue
· If RRC_CONNECTED mode is supported, priority between SC-PTM and the following needs to be decided at least for:
· SC-PTM and unicast, if there is a collision issue
RAN1#86bis agreements:
· The maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE. 
· Transmission of a given SC-MCCH is restricted to one NB-IoT carrier
· Transmission of a given SC-MTCH is restricted to one NB-IoT carrier
· Different SC-MTCHs can be transmitted over different NB-IoT carriers, while one SC-MTCH is sent on one NB-IoT carrier
· For the search space scheduling SC-MCCH (called Type1-MSS for RAN1 purposes)
· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS
· α, Rmax, and G values for Type1-MSS are configured per SC-MCCH by higher layers
· For the search space scheduling SC-MTCH (called Type2-MSS for RAN1 purposes)
· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS
· α, Rmax, and G values for Type2-MSS are configured per SC-MTCH in SC-MCCH
· UE is not required to simultaneously monitor Type1-MSS and Type2-MSS
· UE is not required to monitor Type2-MSS while receiving NPDSCH carrying SC-MTCH

RAN1#87 agreements:
· UE monitoring of blind decoding candidates of Type1-MSS (SC-MCCH) is the same as the UE monitoring behaviour of Type1-CSS: 
· UE monitoring of blind decoding candidates of Type2-MSS (SC-MTCH) is the same as the UE monitoring behaviour of Type2-CSS :
Value range of parameters for Type1-MSS
	Parameter name
	Value range

	Rmax
	{1,2,4,8,16,32,64,128,256,512,1024,2048}

	G
	{1.5, 2, 4,8,16,32,48,64}

	αoffset
	{0,1/8,1/4,3/8,1/2,5/8,3/4,7/8}



Value range of parameters for Type2-MSS
	Parameter name
	Value range

	Rmax
	{1,2,4,8,16,32,64,128,256,512,1024,2048}

	G
	{1.5, 2, 4,8,16,32,48,64}

	αoffset
	{0,1/4,1/2,3/4}  
Note: revised in RAN1#88 to {0,1/8,1/4,3/8,1/2,5/8,3/4,7/8}



· At least the following fields are introduced in DCI formats for scheduling NPDSCH carrying SC-MCCH/SC-MTCH:
· Resource assignment: 3 bits, indicate ISF  value and reuse the mapping from ISF to NSF.
· Modulation and coding scheme: 4 bits, indicate IMCS  value and use the Rel-14 mapping from IMCS to modulation scheme and TBS.
· Repetition number: 4 bits, Indicate Irep value and reuse the mapping from Irep to number of repetitions.
· DCI subframe repetition number: 3 bits for Type-1 MSS and 2 bits for Type2-MSS
· Scheduling delay field is not introduced in DCI format for scheduling SC-MCCH
· Introduce scheduling delay field in DCI format for scheduling SC-MTCH
· 3 bits field {0, 4, 8, 12, 16, 32, 64, 128} not conditional on Rmax
· The size of the DCI formats is no more than 23 bits
· There can be reserved bits
· In case of collision between NPDSCH carrying SC-MTCH/SC-MCCH and NPSS/NSSS, NPBCH, and SIBs, the NPDSCH carrying SC-MTCH/SC-MCCH is postponed.
· In case of collision between Type1-MSS or Type2-MSS and NPSS/NSSS, NPBCH, and SIBs, the NPDCCH is postponed.
· There is at least 4 ms from the end of one Type1-MSS or Type2-MSS to the start of the next Type1-MSS or Type2-MSS
· This also applies to partial search spaces
· UE is not required to monitor Type1-MSS while receiving NPDSCH carrying SC-MCCH;
· When a UE is monitoring Type1-MSS or receiving NPDSCH carrying SC-MCCH, it is not required to simultaneously monitor Type2-MSS nor receive NPDSCH carrying SC-MTCH.
· Maximum TBS value for NPDSCH carrying SC-MCCH or SC-MTCH is 2536 bits
· Cat NB-1 UE does not need to receive the NPDSCH if the DCI indicates a TBS larger than 680 bits

Working assumptions, to be confirmed or abandoned after RAN2 decision on their related working assumption:	Comment by Author: Note: Confirmed in RAN1#88
· NB-IoT UE is not required to monitor Type1-MSS or receive NPDSCHs carrying SC-MCCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging.
· NB-IoT UE is not required to monitor Type2-MSS or receive NPDSCHs carrying SC-MTCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging message.
· NB-IoT UE is not required to monitor Type1-MSS or Type2-MSS nor receive NPDSCH carrying SC-MCCH/SC-MTCH when UE is receiving/sending messages during a random access procedure.

RAN1#88 agreements:
· The downlink transmission gap configuration applies to NPDSCH carrying SC-MCCH and SC-MTCH
· The scheduling delay from n+5 DL subframe to the earliest start of NPDSCH for SC-MCCH is fixed to 0, where the NPDCCH for SC-MCCH ends in subframe n
· For UEs who are interested in receiving SC-MCCH or SC-MTCH, the valid DL subframe configuration is provided by higher layers for the NB-IoT carrier where the SC-MCCH or SC-MTCH is transmitted
· Support only 1 HARQ process for SC-MTCH and SC-MCCH
· Therefore no NDI bit nor HARQ process ID field is introduced in DCIs
· Revise the agreement in RAN1#87 regarding the value range of αoffset  for type2A-CSS as:
· αoffset = {0,1/8,1/4,3/8,1/2,5/8,3/4,7/8}
· The followings are agreed in the LS (R1-1703468) to RAN2
· Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP.
· Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts.
 
The following working assumptions for RAN1#87 are agreed, with Type1-MSS replaced by Type-1A CSS, and with Type2-MSS replaced by Type-2A CSS:
· NB-IoT UE is not required to monitor Type1-MSS or receive NPDSCHs carrying SC-MCCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging.
· NB-IoT UE is not required to monitor Type2-MSS or receive NPDSCHs carrying SC-MTCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging message.
· NB-IoT UE is not required to monitor Type1-MSS or Type2-MSS nor receive NPDSCH carrying SC-MCCH/SC-MTCH when UE is receiving/sending messages during a random access procedure.







Non-anchor PRB enhancements
	RAN1#86 agreements:
· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID
· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.
RAN1#87 agreements:
· An additional DCI field is introduced in DL grant DCI format(s) for carrier indication for PDCCH ordered NPRACH.
· The size of the field is FFS pending RAN2 decision on the maximum number of UL non-anchor carriers configured for NPRACH per CE level
· Do not support paging PRB hopping
RAN1#88 agreements:
· Valid DL subframes for NPDCCH/NPDSCH bitmap is signalled in SIB-NB for non-anchor carriers for paging and RAR
· For RAR monitoring, the UE can assume that NRS are present in subframes {0,4,9} for in-band, {0,1,3,4,9} for standalone/guard-band, and valid DL subframes at least during the following:
· 10 valid subframes before the start of each Type-2 CSS in the RAR window
· 4 valid subframes after the end of each Type-2 CSS in the RAR window
· 4 valid subframes prior to the first subframe of the NPDSCH carrying RAR messages and until 4 valid subframes after the NPDSCH.

· On a non-anchor carrier, the UE can assume that NRS are present from 10 valid subframes prior to the first subframe of the type-1 CSS, in the NPDCCH candidate in which UE finds a DCI scrambled by P-RNTI, and until 4 valid subframes after
· It is proposed that on a non-anchor carrier, a UE can assume that the NRS will be in SFs, starting from 4 valid subframes prior to the first subframe of the NPDSCH carrying paging messages and until 4 valid subframes after the NPDSCH.
· On a non-anchor carrier, the NRS presence assumptions for monitoring Type-1A CSS and Type-2A CSS are that NRS are present for 10 valid subframes prior to the first subframe of the search space, until 4 valid subframes after the end of the search space
· On a non-anchor carrier, the NRS presence assumptions for receiving NPDSCH carrying SC-MCCH and SC-MTCH are that NRS are present for 4 valid subframes prior to the first subframe of the NPDSCH carrying paging messages and until 4 valid subframes after the NPDSCH



Power consumption and latency reduction
	RAN1#86bis agreements:
· Maximum DL TBS is 1352 bits	Comment by Author: Note: Replaced by RAN1#88 agreements
· Maximum UL TBS is 1800 bits
· The same values of N_SF and N_RU and I_TBS are used as in Rel-13
RAN1#87 agreements:
· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits
· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 
· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 
· The gap between NPUSCH to any DL reception is ≥ 1ms. 
· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes
· HARQ process ID is indicated DL grant DCI with one bit
· Monitored only in USS
· FFS TBS table details.
· Soft buffer size is FFS until next RAN1#88
· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2

RAN1#88 agreements:
· The total number of soft channel bits for the new NB-IoT category is 6400 bits for 1 HARQ and 2 HARQ
· The HD-FDD guard period for the new NB-IoT category is Type B
· Support max DL and UL TBS of 2536 bits for two HARQ processes.
· Adopt the same NPDSCH and NPUSCH TBS tables for two HARQ processes as for the single HARQ process defined in R1-1613508.
· This replaces the following agreements from RAN1#86bis:
· Maximum DL TBS is 1352 bits
· Maximum UL TBS is 1800 bits
· The same values of N_SF and N_RU and I_TBS are used as in Rel-13
· After receiving one UL grant, Rel-14 NB-IoT UE supporting 2 HARQ processes is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms before the start of the first NPUSCH format 1





Others

	RAN1#88 agreements:
· Ask the TS36.214 editor to capture the following note in section 5.1.15:
For a HD-FDD UE, if the UE does not receive any DL transmission in radio frame #i, it shall compensate for the difference in the received timing of radio frame #i and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.
· RAN1 recommends to RAN2 to modify the current RAN2 decision regarding RSRP threshold offset as follows.
· UE with reduced power class shall correct the RSRP threshold (signalled in the NPRACH configuration) with min {0, (P-min (23, PEMAX,c))} (P = power of the reduced power class UE)
· PEMAX,c is the RRC IE P-Max
RAN1#88 Conclusion: 
Collision cases for 2 HARQ have no specified UE/eNB behaviour.
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