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6.2.7 Further NB-IoT enhancements

WID in RP-170852
6.2.7.1 Latency and power consumption reduction

6.2.7.1.1 Power consumption reduction for paging and connected-mode DRX

Physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH.
Limit to maximum 1 contributions per 1 company/organization/university

Evaluations

R1-1708802
Efficient monitoring of DL control channels
Qualcomm Incorporated
R1-1707319
Analysis of impact of Wake-up signaling on power consumption and resource efficiency for feNB-IoT
Intel Corporation

R1-1708247
Power consumption evaluation of wake-up signal technique
Sony
Section 3

R1-1708072
Signalling for efficient decoding of physical channels
Nokia, Alcatel-Lucent Shanghai Bell

R1-1707021
On 'wake-up signal' for paging and connected-mode DRX
Huawei, HiSilicon

Section 5
Agreements:

· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX
· Wake-up signal with no DTX
· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS

· Connected mode DRX is FFS

Design

R1-1706887
Power consumption reduction for paging and connected-mode DRX for NB-IoT
Ericsson

Section 5

R1-1709552
WF on the impact of power saving signal on paging reliability in NB-IoT
Ericsson
Agreements:

· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.
· The current paging mechanism is used as the baseline for evaluation.
R1-1707021
On 'wake-up signal' for paging and connected-mode DRX
Huawei, HiSilicon

Section 2,3,4

R1-1707781
Discussion on wake-up signal for power consumption reduction for feNB-IoT
Sequans Communications
R1-1707102
Power consumption reduction for physical channels for NB-IoT
ZTE
R1-1709285
Power saving for paging and connected-mode DRX for NB-IoT
Samsung
Revision of R1-1707920
Power saving for for paging and connected-mode DRX for NB-IoT
Samsung
R1-1707571
UE power consumption reduction by new physical signal/channel in NB-IoT
LG Electronics
R1-1707224
Motivation of paging power consumption reduction for feNB-IoT
SoftBank Corp.
R1-1707690
Considerations  on the DL power consumption reduction for feNB-IoT
Guangdong OPPO Mobile Telecom.
R1-1707456
UE wakeup mechanism and on-demand access for fNB-IoT UE power saving
CATT
R1-1709371
WF on power saving signal in NB-IoT
Huawei, HiSilicon
R1-1709367
WF on Power Consumption Reduction for NB-IoT
ZTE, Nubia

R1-1709605
WF on evaluation for power saving physical/signal channel
LG

Recommendations for evaluations:

· In the evaluation of new physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s), provide assumptions on the followings based on the link level simulation 
· Required amount of time units (e.g. subframe, symbol) for the new physical signal/channel transmission
· Required amount of time units (e.g. subframe, symbol) for subsequent NPDCCH/NPDSCH transmission
R1-1709552
WF on the impact of power saving signal on paging reliability in NB-IoT
Ericsson
6.2.7.1.2 Physical layer scheduling request

Limit to maximum 1 contributions per 1 company/organization/university
R1-1707022
On physical layer SR
Huawei, HiSilicon
R1-1708803
Physical layer scheduling request
Qualcomm Incorporated
R1-1707320
Design of scheduling request for feNB-IoT
Intel Corporation

R1-1708073
Design of physical layer SR
Nokia, Alcatel-Lucent Shanghai Bell
R1-1708431
Discussion on SR design for NB-IoT
NTT DOCOMO, INC
R1-1706888
Physical layer scheduling request for NB-IoT
Ericsson

R1-1707094
Physical layer scheduling request design for NB-IoT
ZTE

R1-1707572
Scheduling request by dedicated physical channel in NB-IoT
LG Electronics

R1-1707921
Discussion on scheduling request for NB IoT
Samsung
R1-1709368
WF on Physical layer SR
ZTE, Nubia

Agreements:

· Piggybacked SR with HARQ-ACK is chosen between the following options, with evaluations encouraged at RAN1#90:
· Option 1: QPSK-based constellation
· Option 3: Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols
R1-1709213
WF on SR
Ericsson
R1-1709611
Way forward on physical layer SR in NB-IoT
Huawei, HiSilicon, Qualcomm, Nokia, ASB, ZTE
6.2.7.1.3 Semi-persistent scheduling

Limit to maximum 1 contributions per 1 company/organization/university

R1-1706889
Semi-persistent scheduling for NB-IoT
Ericsson

R1-1707023
On support of semi-persistent scheduling
Huawei, HiSilicon

R1-1708074
Support for semi-persistent scheduling in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1707321
Support of semi-persistent scheduling for feNB-IoT
Intel Corporation

R1-1707573
SPS support in NB-IoT
LG Electronics

R1-1707922
New SPS mechanism for power saving
Samsung

R1-1708804
Semi-persistent scheduling
Qualcomm Incorporated
R1-1709394
WF on SPS for NB-IoT
Samsung
R1-1709214
Way forward on evaluation scenarios of Semi-persistent scheduling in NB-IoT
Ericsson
6.2.7.2 Narrowband measurement accuracy improvements
Limit to maximum 1 contributions per 1 company/organization/university
R1-1706890
Narrowband measurement accuracy improvements for NB-IoT
Ericsson

R1-1708805
Improvement of PHY measurements
Qualcomm Incorporated

R1-1707024
Further consideration on narrowband measurement accuracy improvement
Huawei, HiSilicon

R1-1707098
Narrowband Measurement accuracy improvement for NB-IoT
ZTE

R1-1707574
RRM measurement enhancement in NB-IoT
LG Electronics

R1-1708075
Improving measurement accuracy in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1709372
Way forward on narrowband measurement accuracy enhancement
Huawei, HiSilicon

Agreements:

· For connected mode in the serving cell and idle mode in camped cell and neighbour cells, it is feasible from RAN1 point of view to use NSSS on an anchor carrier for RRM measurement
· RAN4 are requested to consider if NSSS is a suitable transmission
· How to use, i.e. if and/or under what circumstances to combine NRS with NSSS depend on RAN4 study
· Send an LS containing the above to RAN4, including the agreement from RAN1#88bis that “At least NSSS is used additionally to NRS for in-band, guard-band, standalone”
· Continue to study
· CRS for in-band operation mode

· NPBCH, NPDCCH, NPDSCH on an anchor carrier in the serving cell

R1-1709592
Draft LS on narrowband measurement accuracy enhancement
Huawei
The draft LS in R1-1709592 is agreed, final LS in R1-1709781.
R1-1709304
WF on NSSS-based measurement accuracy enhancement
LG Electronics
Also supported by ZTE
Working assumption, confirmation depending on RAN4 feedback:
· For NSSS-aided measurement accuracy enhancement at least in idle mode, the NSSS-NRS EPRE ratios of serving cell and neighbour cells are signaled to UE by higher layers.

· FFS on details of sets of power offset (e.g., {-3, …, 0, …, 3} in dB}
· FFS on power offset information per-neighbor cell or common for all neighbor cells or common for serving cell and neighbor cells. 
· The possibility to use NSSS is indicated by higher layers.
· Detailed signaling design would be left to RAN2.
6.2.7.3 NPRACH false alarm and cell range enhancements
Limit to maximum 2 contributions per 1 company/organization/university
R1-1707105
summary of email discussion for NPRACH reliability simulation assumptions
ZTE

Cell range enhancements

R1-1708806
NPRACH support for large cell access
Qualcomm Incorporated
R1-1707025
On support of larger cell radius for NPRACH
Huawei, HiSilicon

R1-1707104
NPRACH range enhancements for NB-IoT
ZTE

R1-1707575
NPRACH range enhancement for NB-IoT
LG Electronics

R1-1706892
NPRACH range enhancement for NB-IoT
Ericsson
R1-1708076
NPRACH cell range enhancement
Nokia, Alcatel-Lucent Shanghai Bell
R1-1709369
WF on NPRACH range enhancement
ZTE , Nubia,Ericsson

R1-1709590
Way forward on NPRACH cell range enhancement
Huawei, HiSilicon, Qualcomm
Agreements:
· To support of cell range of at least 100 km, FFS between:
· Cat 1: Rel-13 NPRACH

· Cat 2: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones
· CP length FFS between same as or longer than Rel-13 formats
· Cat 3: New NPRACH numerology with CP length FFS between same as or longer than Rel-13 formats
Option A: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz

Option B: 3.75 kHz subcarrier spacing with minimum hop distance 1.25 kHz
Option C: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
· Combinations of Category 2 and Category 3 solutions are not precluded

False alarm enhancements

R1-1707026
On NPRACH false alarm probability due to inter-cell interference
Huawei, HiSilicon
R1-1706891
NPRACH false alarm reduction for NB-IoT
Ericsson

R1-1707103
NPRACH reliability  enhancement for NB-IoT
ZTE

R1-1707576
NPRACH reliability for NB-IoT
LG Electronics

R1-1708881
NPRACH Reliability Enhancement
Qualcomm Incorporated
R1-1709370
WF on NPRACH reliability enhancement, ZTE, Nubia, Ericsson
R1-1709635
WF on NPRACH Reliability Enhancements
Qualcomm
Agreements:
For reduction of NPRACH false alarm probability, FFS between:

· Alt 1: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones

· Alt 2: A frequency shift of k*0.75 kHz is applied to all NPRACH signal in a Cell.
· FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].
· FFS if to apply a phase rotation of m*pi/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
· Signaling of the above frequency shift and phase rotation is FFS.
· Alt 3: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern

· Combinations of the above alternatives are not precluded

R1-1709747
WF on NPRACH range enhancement LG

6.2.7.4 NB-IoT small cell support

Limit to maximum 1 contributions per 1 company/organization/university
R1-1707923
Power control for extended coverage UE
Samsung
R1-1708077
Small cell support in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1707577
UL power control enhancement for NB-IoT small cell
LG Electronics
R1-1706893
NB-IoT small cell support
Ericsson

R1-1707099
On small cell support for NB-IoT
ZTE

R1-1708199
On the support of NB-IoT small cell
Huawei, HiSilicon

R1-1708807
Support of small cells
Qualcomm Incorporated
R1-1709215
Way forward on UL power control in NB-IoT small cell support
Ericsson, Samsung
R1-1709218
Way forward on coverage in NB-IoT small cell
Ericsson

Agreements:
· The number of repetitions in the DL and UL for small cells is not increased
· NOTE: This may imply a reduction in MCL for small cells compared to wide area basestations.

· Inform RAN4 
· FFS other aspects of small cells to identify possible RAN1 impacts. 
R1-1709679
[DRAFT] LS on NB-IoT small cell
Ericsson

· The  draft LS is agreed, final LS in R1-1709780
6.2.7.5 Reduced system acquisition time

Limit to maximum 1 contributions per 1 company/organization/university
R1-1706894
Reduced system acquisition time for NB-IoT
Ericsson
R1-1707578
System information acquisition time enhancement in NB-IoT
LG Electronics

R1-1707027
On cell search and system acquisition time improvement
Huawei, HiSilicon
R1-1707095
Consideration on system acquisition time reduction for NB-IoT
ZTE

R1-1708364
System acquisition time reduction for feNB-IoT
Intel Corporation

R1-1708078
Reducing system acquisition time for feNB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1708808
Reduced system acquisition time
Qualcomm Incorporated
R1-1707109
Reduced system acquisition time for FeNB-IoT
Beijing Xinwei Telecom Techn.

R1-1707775
Design of reducing system acquisition time for FeNB-IoT
Lenovo, Motorola Mobility
R1-1709591
Way forward on reduced system acquisition time
Huawei, HiSilicon, Neul
Agreements:

· Additional transmissions of NPSS/NSSS in subframes other than those used in Rel-13 for in-band, guard-band and standalone are not considered in Rel-15 for an anchor carrier
· FFS: NPSS/NSSS transmission using unused 3-OFDM symbols in existing subframe#5,9 on anchor carrier at least for stand-alone and guard band modes
R1-1709216
Way forward on reduced system acquisition time in NB-IoT
Ericsson
6.2.7.6 Other

Note that data transmission during the random access procedure will be treated with lower priority until RAN2 begins work after RAN#76.
R1-1706895
Early data transmission for NB-IoT
Ericsson

R1-1707096
On early data transmission  for NB-IoT
ZTE

R1-1707579
Data transmission during random access procedure in NB-IoT
LG Electronics

R1-1708079
Data transmission during random access procedure
Nokia, Alcatel-Lucent Shanghai Bell

R1-1708200
On early data transmission for NB-IOT
Huawei, HiSilicon

R1-1708809
Modulation enhancements for NB-IoT
Qualcomm Incorporated

R1-1708810
Early data transmission
Qualcomm Incorporated
Agreement:

· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.

· Include the NB-IoT agreement in the draft LS R1-1709475.

