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6.2.9 Enhancements of NB-IoT
WID in RP-161901. 
The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.
R1-1611873
Draft RRC parameter list for NB-IoT enhancements
Huawei

R1-1612377
RAN1 agreements for Rel-14 NB-IoT
Ericsson
Email approval  for the higher layer parameters list and send to RAN2 until November 25 (Matthew, Huawei)
6.2.9.1 Positioning
6.2.9.1.1 Design of narrowband OTDOA positioning reference signal
R1-1611116
On NPRS RE pattern design
Ericsson

R1-1611143
Design of downlink positioning reference signal for NB-IoT
Huawei, HiSilicon
R1-1611762
Design of NPRS for eNB-IoT
LG Electronics

R1-1613294
WF on NPRS pattern for NB-IoT OTDOA
ZTE , ZTE Microelectronics,ITL…
R1-1613690
NPRS pattern for NB-IoT OTDOA
ZTE , ZTE Microelectronics, HW, HiSilicon, Qualcomm
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
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 is the subcarrier index within LTE bandwidth which is used for NB-IoT NPRS transmission;  
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, and PBCH antenna ports number will be signaled by higher layers.
· If NPRS subframe configuration is part B only, NPRS is punctured in OFDM symbols 5 and 6 in each slot
Agreements:

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:
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 is the OFDM symbol number within slot  ; 
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 is the subcarrier index within LTE bandwidth which is used for NB-IoT NPRS transmission;  
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of neighboring cell will be signaled by higher layers.
· If  NPRS subframe configuration is part B,  NPRS is punctured in OFDM symbols 5 and 6 in each slot
R1-1611540
OTDOA for eNB-IoT
Sony
R1-1612986
NPRS Design for OTDOA Positioning
Fraunhofer IIS
R1-1611118
On NPRS performance
Ericsson

R1-1611145
Evaluation of downlink positioning accuracy for NB-IoT
Huawei, HiSilicon

R1-1611872
Analysis of power consumption and complexity for NB-IoT downlink positioning
Huawei, HiSilicon

R1-1612790
A new system simulator for NB-IoT positioning
Ericsson

6.2.9.1.2 Remaining details of narrowband OTDOA positioning configuration
R1-1611117
On the remaining details of narrowband OTDOA positioning configurations
Ericsson
R1-1611144
Configuration of downlink positioning reference signal for NB-IoT
Huawei, HiSilicon
R1-1611629
OTDOA positioning reference signal
Qualcomm Incorporated

Section 3

R1-1612602
OTDOA for NB-IoT
ZTE

R1-1611302
NPRS Muting Pattern for OTDOA Positioning in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell
R1-1613296
WF on NPRS subframe configuration for NB-IoT OTDOA ZTE, ZTE Microelectronics
Agreements:

· 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’
· FFS: Part B on its own, and Part B when used together with Part A
R1-1613444
WF on PRS configuration for NB-IoT UEs
Qualcomm, Huawei, HiSilicon, ITL, Acorn Technologies, Nokia, Alcatel-Lucent Shanghai Bell

Agreements:

· 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 = [image: image25.png]aTpPRS
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R1-1613526
Way forward on NPRS sequence generation
Huawei, HiSilicon, Ericsson, Nokia, ZTE, ZTE Microelectronics

Agreements
· 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.
R1-1613215
Way forward on NPRS muting pattern Huawei, HiSilicon
Agreements:

· 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) 
Agreement:
· If part A and part B are both configured then a subframe contains NPRS if both configurations indicate it contains NPRS 

Proposal

· Send LS to RAN2,3,4 containing the agreements on narrowband OTDOA positioning reference signal and Remaining details of narrowband OTDOA positioning configuration (Alberto, Qualcomm)
R1-1613471
WF on NRS presence in non-anchor PRBs
Qualcomm, Intel, Sony

Also supported by Sierra Wireless

R1-1613679
WF on NB-IoT Rel-14 non-anchor NRS presence during paging reception, random access response, NRSRP & RLM measurements
Ericsson

R1-1611763
OTDOA configuration for eNB-IoT
LG Electronics
R1-1611630
Configuration options for OTDOA
Qualcomm Incorporated

R1-1611301
NPRS Configuration for OTDOA Positioning in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell
R1-1611864
Discussion on NPRS configuration and RSTD measurement gap
MediaTek
Agreements:

· UE is not required to receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during RSTD measurements.
· Send the above agreement in a LS to RAN2, RAN4
R1-1613467
[DRAFT] LS on RSTD measurement for Rel-14 NB-IoT positioning
RAN1
Source should be MediaTek[RAN1]
The LS in R1-1613467 is approved, with the following change:

Considering NB-IoT UE is low complexity
Final LS is in R1-1613468.
R1-1611303
RSTD Measurement and Reporting in NB-IoT 
Nokia, Alcatel-Lucent Shanghai Bell

R1-1612795
On OTDOA framework for NB-IoT
Ericsson
R1-1611304
UE Capability Indication Enhancement for OTDOA Positioning in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell
6.2.9.1.3 Narrowband UTDOA positioning using an existing NB-IoT transmission 
R1-1611140
On reusing NPRACH for NB-IoT uplink positioning
Huawei, HiSilicon
R1-1611119
NPRACH based UTDOA impact on NB-IoT availability
Ericsson
R1-1611305
UTDOA Positioning in NB-IoT 
Nokia, Alcatel-Lucent Shanghai Bell

R1-1611631
Uplink-based narrowband positioning
Qualcomm Incorporated

R1-1612603
UTDOA for NB-IoT
ZTE
R1-1611120
NPRACH based UTDOA performance
Ericsson

Proposed observations on use of Rel-13 NPRACH for UTDOA:

· It is possible to configure NPRACH resources such that the eNB can provide a dedicated resource for UTDOA positioning

· In these configurations, in scenarios where there is mixed use of NPRACH for positioning and normal purposes there would be impact to

· System capacity
· NPRACH intra-cell and inter-cell interference 
· Battery life and latency of UEs in other NPRACH resources

· RAN1 concludes its verification of UTDOA in Rel-13.

· Inform RAN3, RAN4 of the above.

R1-1613564
WF on UTDOA positioning in NB-IoT
Ericsson, Nokia, ASB, Qualcomm, Verizon, Sony, Samsung
R1-1611141
Simulation results of reusing NPRACH for NB-IoT uplink positioning
Huawei, HiSilicon

R1-1611142
On power consumption and device complexity of reusing NPRACH for NB-IoT uplink positioning
Huawei, HiSilicon

R1-1611306
Considerations on support of Rel-13 UEs for UTDOA
Nokia, Alcatel-Lucent Shanghai Bell

6.2.9.2 Multicast support

R1-1613421 [draft] LS reply on coverage enhancement in SC-PTM for FeMTC and eNB-IoT
Ericsson

Revision of R1-1613053
[draft] LS reply on coverage enhancement in SC-PTM for FeMTC and eNB-IoT
Ericsson

The draft LS in R1-1613421 is endorsed, final LS in R1-16xxxxx (Yutao, Ericsson)
Agreement
· Send an LS to RAN2 (Xiaolei, HiSilicon) informing them of

· Agreements regarding maximum TBS for SC-PTM

· Agreements regarding DCI formats for scheduling SC-PTM

Search space design and DCI formats
R1-1613087
SC-PTM support for eNB-IoT
Intel Corporation
Revision of R1-1611941
SC-PTM support for eNB-IoT
Intel Corporation
R1-1611150
NPDCCH search space and DCI formats for multicast in NB-IoT
Huawei, HiSilicon

R1-1611307
SC-PTM search space design for NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell
R1-1613216
WF on search space for NB-IoT SC-PTM
Huawei, HiSilicon, Intel, Qualcomm, LGE, ZTE
Also supported by Sony
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 :
Agreements:

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}


R1-1611121
NB-IoT Search Space and DCI design for multicast service
Ericsson
R1-1611310
DCI formats and SPS support for SC-PTM
Nokia, Alcatel-Lucent Shanghai Bell

R1-1611764
Multicast support for eNB-IoT
LG Electronics
R1-1613217
WF on DCI formats for NB-IoT SC-PTM
Huawei, HiSilicon, Ericsson, ITL
Agreements:

· 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
SC-MCCH and change notification

R1-1611151
SC-MCCH transmission in NB-IoT
Huawei, HiSilicon

R1-1612797
SC-MCCH transmission and configuration for NB-IoT
Innovative Technology Lab Co., KT Corp
R1-1613346
WF on reduced interruption of SC-MTCH reception due to SC-MTCH reception due to SC-MCCH acquirement
Huawei, HiSilicon

SC-MTCH 
R1-1612599
Remaining issues on multicast support for NB-IoT
ZTE

R1-1611632
Support of multicast
Qualcomm Incorporated

R1-1611152
SC-MTCH transmission in NB-IoT
Huawei, HiSilicon

R1-1611309
SC-MTCH transmission reliability and feedback
Nokia, Alcatel-Lucent Shanghai Bell

R1-1612254
Discussion on SC-MTCH in NB-IoT
Beijing Xinwei Telecom Techn.

Collision handling

R1-1611122
NB-IoT L1 configuration of multicast service
Ericsson

R1-1611308
SC-PTM collision handling
Nokia, Alcatel-Lucent Shanghai Bell

R1-1611153
Collision handling for multicast in NB-IoT
Huawei, HiSilicon

R1-1613345
WF on collision handling in NB-IoT SC-PTM
Huawei, HiSilicon

Agreements:

· 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.

Working assumptions, to be confirmed or abandoned after RAN2 decision on their related working assumption:

· 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.
R1-1613370
WF on larger TBS support issue on SC-PTM for eNB-IoT
LG Electronics
Agreements
· 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
6.2.9.3 Non-anchor PRB enhancements
Transmission of paging on non-anchor PRBs
R1-1611084
LS on NB-IoT Rel-14 RACH and Paging on non-anchor carrier
RAN2, Ericsson

R1-1613054
[draft] LS reply on LS on NB-IoT Rel-14 RACH and Paging on non-anchor carrier
Ericsson
Agreement:

· 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
· Send LS to RAN2 informing them of this agreement, and note that in DCI format N1 there are 8 reserved bits in case of NPDCCH order, and note that RAN1 have not yet decided if there are new DCI formats introduced in Rel-14.
R1-1613511
[draft] LS reply on LS on NB-IoT Rel-14 RACH and Paging on non-anchor carrier
Ericsson

The draft LS in R1-1613511 is endorsed, final version in R1-16xxxx (Yutao, Ericsson)
R1-1611146
On non-anchor carrier enhancements
Huawei, HiSilicon

R1-1611124
NB-IoT Paging on non-anchor PRBs
Ericsson
R1-1611633
Non-anchor PRB enhancements
Qualcomm Incorporated

R1-1611942
Remaining details of multi-PRB enhancements for eNB-IoT
Intel Corporation

R1-1612605
Remaining issues  on multiple PRB support for NB-IoT
ZTE

R1-1611123
NB-IoT Paging capacity
Ericsson

R1-1611313
Paging on non-anchor PRB for NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1611765
Non-anchor PRB enhancement for eNB-IoT
LG Electronics
R1-1613371
WF on paging PRB configuration for eNB-IoT
LG Electronics, Intel
Agreement
· Do not support paging PRB hopping
6.2.9.4 Power consumption and latency reduction
Timing relationships in DL and UL for 2 HARQ processes, monitoring and contents of DCI formats
R1-1611126
Power consumption and latency reduction by increasing the maximum NPUSCH transport block size or using two HARQ processes
Ericsson

R1-1611127
Power consumption and latency reduction by increasing the maximum NPDSCH transport block size or using two HARQ processes
Ericsson

R1-1611943
Power consumption and latency reduction for eNB-IoT
Intel Corporation

2 HARQ timing relationships

R1-1611147
On 2 HARQ processes for enhancement of NB-IoT downlink
Huawei, HiSilicon

R1-1611148
On 2 HARQ processes for enhancement of NB-IoT uplink
Huawei, HiSilicon
R1-1611865
Discussion on downlink timing relationship for 2 HARQ processes
MediaTek

R1-1611866
Discussion on uplink timing relationship for 2 HARQ processes
MediaTek

R1-1611634
Support of larger TBS and 2 HARQ processes
Qualcomm Incorporated
R1-1611311
Timing relationships for 2 HARQ processes 
Nokia, Alcatel-Lucent Shanghai Bell
R1-1612591
Discussion on 2 HARQ process for eNB-IoT
LG Electronics Inc.
R1-1612600
Considerations on timing relationship for 2 HARQ processes for NB-IoT
ZTE

R1-1612768
HARQ Timeline for two processes in Rel-14 NB-IoT
SoftBank Corp.

R1-1612789
On new NPUSCH Format 2 for supporting the bundling of ACK/NACK for two NPDSCH HARQ processes
Ericsson
DCI formats
R1-1611149
DCI formats for 2 HARQ and larger TBS
Huawei, HiSilicon

R1-1612787
On new DCI format for the support of two NPDSCH HARQ processes
Ericsson

R1-1612788
On new DCI format for the support of two NPUSCH HARQ processes
Ericsson

R1-1611867
NPDCCH Monitoring and new DCI format for 2 HARQ processes
MediaTek

R1-1611314
DCI formats to support 2 HARQ processes 
Nokia, Alcatel-Lucent Shanghai Bell

R1-1613508
WF to achieve NB-IoT power consumption and latency reduction
Ericsson, Intel, Huawei, Sierra Wireless, Nokia/Alcatel-Lucent Shanghai Bell
Also supported by: HiSilicon, Neul, Deustche Telekom, u-blox
R1-1613351
WF on 2 HARQ processes for NB-IoT
MediaTek, Qualcomm, AT&T, DoCoMo, NEC, Nokia, Alcatel-Lucent Shanghai Bell, KDDI, Samsung, Softbank, Sony, Sharp, MTI, APT, Xinwei, ZTE
Also support by: ZTE Microelectronics, LG
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
Agreement

· Inform RAN2 in an LS of the above agreements (Wuyiling, Huawei)
6.2.9.5 Others
R1-1611312
Aspects for supporting low-power UE
Nokia, Alcatel-Lucent Shanghai Bell

R1-1612606
Remaining issues for supporting low-power class UE for NB-IoT
ZTE
R1-1613361
WF on initial CE level selection of low power UEs
LG
