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7.2.7 Further NB-IoT enhancements
WID in RP-170852
R1-1704296
NB-IoT further enhancements workplan
Huawei, HiSilicon
R1-1706202
Utilities concerns regarding power consumption for smart metering with NB-IoT
VEOLIA

Withdrawn after offline discussion of preliminary results
Revision of R1-1705198
Utilities concerns regarding power consumption for smart metering with NB-IoT VEOLIA
R1-1705199
NB-IoT disruption because of non-alignement with utilities time to market objectives
VEOLIA

Withdrawn after change of title and wording
R1-1706773
NB-IoT requirements to meet market objectives for Utilities and Water Metering
VEOLIA

7.2.7.1 Latency and power consumption reduction
R1-1704532
UE wakeup mechanism and on-demand access for fNB-IoT UE power saving
CATT
7.2.7.1.1 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
R1-1705017
Efficient monitoring of DL control channels
Qualcomm Incorporated
R1-1704698
DL power consumption reduction for feNB-IoT
Intel Corporation

R1-1705043
Signalling for efficient decoding of physical channels
Nokia, Alcatel-Lucent Shanghai Bell

R1-1704290
On 'wake-up signal' for paging and connected-mode DRX
Huawei, HiSilicon
R1-1705182
Power consumption reduction for paging and connected-mode DRX for NB-IoT
Ericsson

R1-1705495
Power consumption reduction for physical channels for NB-IoT
ZTE, ZTE Microelectronics
R1-1704532
UE wakeup mechanism and on-demand access for fNB-IoT UE power saving
CATT
R1-1704847
UE power consumption reduction by new physical channel in NB-IoT
LG Electronics

R1-1705203
NB-IoT UE Power Consumption Reduction in Idle Mode Paging
Sony
R1-1705309
Power consumption reduction for paging and connected-mode DRX for NB-IoT
Samsung
R1-1706605
[draft]WF on signal for power consumption reduction in NB-IoT
Huawei, HiSilicon

Agreement:

· Techniques to be evaluated:
· Wake-up signal/channel (either relying or not relying on DL synchronization)
· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Dynamic USS periodicity
· The use of the technique can be semi-statically enabled/disabled by the network

R1-1706777
Way forward on simulation assumption on signal for power consumption reduction Huawei, HiSilicon, Ericsson
R1-1706777 is agreed.
7.2.7.1.2 Physical layer scheduling request
Limit to maximum 1 contributions per 1 company/organization/university
SR as NPUSCHf2 or NPRACH
R1-1704292
Physical layer SR
Huawei, HiSilicon
R1-1705018
Physical layer scheduling request
Qualcomm Incorporated
R1-1705310
Discussion on scheduling request for NB-IoT
Samsung

R1-1704848
Scheduling request by dedicated physical channel in NB-IoT
LG Electronics
R1-1704699
Design of scheduling request for feNB-IoT
Intel Corporation
SR with HARQ-ACK feedback
R1-1705487
Discussion on physical layer scheduling request for NB-IoT
ZTE, ZTE Microelectronics
R1-1705183
Physical layer scheduling request for NB-IoT
Ericsson
R1-1706217
Way forward on signaling design for physical layer SR in NB-IoT
Huawei, HiSilicon
R1-1706333
[draft] Way forward on physical layer SR in NB-IoT
Ericsson
R1-1706332
[draft] Way forward on evaluation scenarios of physical layer SR in NB-IoT
Ericsson
Agreements:
· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 

· TA estimation should not be a design target of SR signal.

· Sending SR with HARQ ACK/NACK can serve as the baseline case for UE with DL data 
· Further designs to be considered for dedicated SR signal design are:
· Based on NPRACH signal;
· Based on NPUSCH format 2:
· Non-coherent detection based format is not precluded
· Collision handling for dedicated SR is FFS
R1-1706610
Way forward on design criteria of physical layer SR
Huawei, HiSilicon, Ericsson
Agreements:

· Design criteria for physical layer SR:
· Power consumption reduction
· Latency reduction
· Impact on legacy NB-IoT scheduling and resources
· Traffic models used and SR resource configurations should be reported together with evaluations. 
R1-1706218
Way forward on resource allocation for physical layer SR in NB-IoT
Huawei, HiSilicon
Collision handling
R1-1705044
Support for physical layer SR
Nokia, Alcatel-Lucent Shanghai Bell

7.2.7.2 Narrowband measurement accuracy improvements
Limit to maximum 1 contributions per 1 company/organization/university
R1-1704849
RRM measurement enhancement in NB-IoT
LG Electronics
R1-1705019
Improvement of PHY measurements
Qualcomm Incorporated
R1-1705658
Improving measurement accuracy in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell
R1-1706213
Way forward on narrowband measurement accuracy improvement
Huawei, HiSilicon, Ericsson

Agreements:
· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.

· FFS details of related signaling

· Additional candidates can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band),  physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) and the performance improvements should be evaluated until RAN1#89

· Among the additional candidates, companies are recommended to prioritise CRS (in-band)
· FFS if the existing signal(s)/channel(s) used additionally to NRS can be different in the serving cell to a neighbour cell

· FFS for RRC_connected mode where at least the NPDCCH could be helpful for narrowband measurement accuracy improvement
· FFS details of how UE is informed of differing EPRE between signals

R1-1706577
Way forward on simulation assumptions of narrowband measurement accuracy improvement
Huawei, HiSilicon, LGE
Also supported by Ericsson

Agreement:

· Simulation assumptions for narrowband measurement accuracy evaluation as follows
	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx for stand-alone, 2Tx for for in-band
1Rx

	Frequency error
	±50 Hz 

	NB-IoT carrier type
	Anchor carrier

	*NRS presence
	*Before a UE obtains operationModeInfo, refers to section 10.2.6 of TS 36.211

	Measurement bandwidth
	180kHz

	EPRE of different signals compared to EPRE of NRS
	[0,3,-3] dB for NSSS, NPSS, NPRS, PRS
for others, refers to section 16.2.2 of TS 36.213

	MCL
	164 dB

	**SNR of NRS
	Assuming 5 dB noise figure,
-4.6 dB for stand-alone, -12.6 dB for in-band
Assuming 9 dB noise figure,
-8.6 dB for stand-alone, -16.6 dB for in-band

	Measurement period
	400, 800 ms

	Others not addressed
	Report with the simulation results


*Informs the assumption of existing NRS based RRM measurement 

**The noise figure difference compared to rel-13 does not affect the 164 dB MCL of NB-IoT in Rel-13

R1-1705491
Narrowband Measurement accuracy improvement for NB-IoT
ZTE, ZTE Microelectronics
R1-1705184
Narrowband measurement accuracy improvements for NB-IoT
Ericsson

R1-1706618
WF on assistant information for RRM measurement enhancement
LG Electronics
7.2.7.3 NPRACH reliability and range enhancements
Limit to maximum 2 contributions per 1 company/organization/university
R1-1704294
On support of larger cell radius for NPRACH
Huawei, HiSilicon

R1-1705020
NPRACH support for large cell access
Qualcomm Incorporated
R1-1705186
NPRACH range enhancements for NB-IoT
Ericsson

R1-1706578
Way forward on NPRACH range enhancement
Huawei, HiSilicon

· Working assumption for evaluation until RAN1#89:
· At least the following 2 options are considered for a new NPRACH format 
· Option 1: Rel-13 NPRACH definition with CP length >= 666.67us is introduced. 
· Subcarrier bandwidth <= 1.5 kHz
· Option 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties. 
Agreement:
· The assumptions of link-level simulation refer to the following table
· Performance of ToA estimation by existing Rel-13 NPRACH as a baseline.
· Performance of false alarm by existing Rel-13 NPRACH as a baseline

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx, 2Rx

	Frequency error
	Normal(0, [100]) Hz 

	Frequency drift 
	±22.5 Hz/s

	Distance between UE and eNB
	100km

	UE transmit power
	23 dBm 

	MCL
	164 dB 

	Repetition of NPRACH for UE’s each transmission
	For baseline evaluation, 32
For new NPRACH format, clarify when submit simulation results


R1-1706235
WF on the impact on NPRACH detection performance interference 
ZTE , ZTE Microelectronics
R1-1706236
WF on evaluation methodology for inter-cell NPRACH interference 
ZTE , ZTE Microelectronics
R1-1706715
WF on evaluation methodology for inter-cell NPRACH interference
ZTE , ZTE Microelectronics
Email agreement of NPRACH reliability simulation assumptions until 17 April – (ZTE, Shupeng)

R1-1704293
NPRACH false alarm probability due to inter-cell interference
Huawei, HiSilicon

R1-1705185
NPRACH reliability for NB-IoT
Ericsson

R1-1705496
NPRACH reliability and range enhancements for NB-IoT
ZTE, ZTE Microelectronics
R1-1704850
NPRACH enhancement in NB-IoT
LG Electronics
R1-1705311
Discussion on NPRACH enhancement
Samsung

7.2.7.4 NB-IoT small cell support

Limit to maximum 1 contributions per 1 company/organization/university
R1-1705021
Support of small cells
Qualcomm Incorporated
R1-1705187
NB-IoT small cell support
Ericsson
R1-1705492
On small cell support for NB-IoT
ZTE, ZTE Microelectronics
R1-1706334
Way forward on UL power control in NB-IoT small cell support
Ericsson,  Samsung
Observation:

· More investigation into applicable scenarios for NB-IoT small  cells and the aspects with RAN1-led impacts is needed until the next meeting

R1-1705046
Small cell support in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1705312
Power control for extended coverage UE
Samsung
R1-1705122
On small cell support
Huawei, HiSilicon
R1-1705763
Small cell support for feNB-IoT
Intel Corporation
7.2.7.5 Reduced system acquisition time

See liaison statements in R1-1701571 and R1-1704068.
Limit to maximum 1 contributions per 1 company/organization/university
MIB/SIB
R1-1705764
System acquisition time reduction for feNB-IoT
Intel Corporation
R1-1705022
Reduced system acquisition time
Qualcomm Incorporated
R1-1705488
Discussion on system acquisition time reduction for NB-IoT
ZTE, ZTE Microelectronics

R1-1705167
Discussion on reduction of system acquisition time
Beijing Xinwei Telecom Techn.

R1-1705652
Design of reducing system acquisition time for FeNB-IoT
Lenovo, Motorola Mobility

Synchronization
R1-1704295
On cell search improvements
Huawei, HiSilicon

R1-1704851
System information acquisition time enhancement in NB-IoT
LG Electronics
Section 2.1

Implementation
R1-1705188
On system acquisition time reduction
Ericsson

R1-1705047
Reducing system acquisition time for feNB-IoT
Nokia, Alcatel-Lucent Shanghai Bell
R1-1706611
Way forward on simulation assumption for reduced system acquisition time
Huawei, HiSilicon
Agreements:

· To evaluate the techniques for system acquisition time reduction the following assumptions are proposed:
· Metrics for evaluating performance of acquisition of NPSS, NSSS, NPBCH, SIB1-NB and SI messages: 
	Performance Metric
	Unit

	Acquisition time @ 50th, 90th percentile
	ms

	False detection rate
	% (expressed as percentage of false detection events)

	System overhead
	% (expressed as used percentage of all REs per radio frame)


· The acquisition time of the studied signal/channel may either consider:
· Only the studied signal/channel (e.g. the NPBCH acquisition time not counting the NPSS/NSSS acquisition time )
· The time from higher layers triggers a MO event to the acquisition of the studied signal/channel (e.g. the NPSS, NSSS and NPBCH acquisition time)
· Assumptions for evaluating performance of acquisition of NPSS, NSSS, NPBCH, SIB1-NB and SI messages: 
	Parameter
	Value

	BS TX antenna configuration
	1Tx for stand-alone
2Tx for in-band/guard band

	BS power
	43 dBm for stand-alone
35 dBm for in-band/guard-band

	System BW
	180kHz

	Band
	Band 8 (900 MHz)

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Initial frequency error 
@ acquisition of NPSS
	±20 ppm

	Frequency error
@ acquisition of NSSS, NPBCH, NPDSCH
	±50 Hz 

	UE RX antenna configuration
	1 Rx

	*UE NF
	5, 9 dB

	Coupling loss
	144, 154, 164 dB


· Other assumptions important for achieved performance such as use of cross-subframe channel estimation should be declared.
· The noise figure difference compared to Rel-13 does not affect the 164 dB MCL of NB-IoT in Rel-13
R1-1706619
WF on Reduced system acquisition time
LG Electronics, ZTE

Agreements:

· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered
· Enhancement(s) to NPSS/NSSS
· Enhancement(s) to MIB-NB 
· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)
· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading
· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission
· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced)
· FFS on other SIBx-NB
· Details of all solutions are FFS

· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks
7.2.7.6 Other

Note that data transmission during the random access procedure and semi-persistent scheduling will be treated with lower priority until RAN2 begins work after RAN#76.
Early data transmission

R1-1705189
Early data transmission for NB-IoT
Ericsson

R1-1704853
Data transmission during random access procedure in NB-IoT
LG Electronics

R1-1705121
Transmission of data during random access procedure
Huawei, HiSilicon

R1-1705489
On early data transmission  for NB-IoT
ZTE, ZTE Microelectronics

SPS

R1-1705045
Support for semi-persistent scheduling in NB-IoT
Nokia, Alcatel-Lucent Shanghai Bell

R1-1704291
On support of semi-persistent scheduling
Huawei, HiSilicon

R1-1704852
SPS support in NB-IoT
LG Electronics

R1-1705313
Discussion on semi-persistent scheduling for NB-IoT
Samsung

Other

R1-1704786
pi/2 BPSK with precoding/post-DFT subcarrier spectrum shaping for further enhanced eNB-


IoT/eMTC
IITH, CEWiT, Reliance Jio, IITM, Tejas Networks

R1-1705023
Modulation enhancements for NB-IoT
Qualcomm Incorporated
