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5.2.7 Further enhancements of NB-IoT
WID in RP-171428
Limit to maximum 1 contribution per 1 company/organization/university for each agenda item, except for Other and where noted otherwise.

5.2.7.1 Latency and power consumption reduction

Where solutions are specified, draft CRs to be provided to RAN#78

5.2.7.1.1 Power consumption reduction for paging and connected-mode DRX

Physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH.
R1-1712113
Consideration and evaluation on power saving signal in NB-IoT
Huawei, HiSilicon

R1-1712501
Wake-up signal for feNB-IoT
Intel Corporation

R1-1712621
Power consumption reduction for paging and connected-mode DRX for NB-IoT
Ericsson

R1-1712806
Efficient monitoring of DL control channels
Qualcomm Incorporated

R1-1713015
Power consumption reduction for physical channels for NB-IoT
ZTE

R1-1713100
Discussion on wake up singal and wake up channel for NB-IoT
LG Electronics

R1-1713258
Considerations  on the DL power consumption reduction for feNB-IoT
Guangdong OPPO Mobile Telecom

R1-1713544
Power saving for for paging and connected-mode DRX for NB-IoT
Samsung

R1-1713789
Signalling for efficient decoding of physical channels
Nokia, Nokia Shanghai Bell

R1-1713829
Discussion on Light Paging
CMCC

R1-1714178
Discussion on wake-up signal for power consumption reduction for feNB-IoT
Sequans Communications
R1-1714937
WF on power saving signal in NB-IoT
Huawei, HiSilicon
Working assumption:
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:

· Wake-up signal or DTX

· Wake-up signal with no DTX

· FFS:
· Information conveyed by the physical signal
· Design of the physical signal
· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.
R1-1714960
WF on principles of power saving physical signal/channel
LG

Agreements:

· For idle mode,

· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell

b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)
R1-1714806
Way Forward FeNB-IoT DL Channel Power Efficiency Evalulation Assumptions
Ericsson
Revision of R1-1714610
Way Forward FeNB-IoT DL Channel Power Efficiency Evalulation Assumptions
Ericsson
Email discussion to agree simulation assumptions for NB-IoT and eMTC power consumption evaluation of power saving signal/channel until 4 September (Magnus, Ericsson)
5.2.7.1.2 Physical layer scheduling request
R1-1712114
On physical layer SR
Huawei, HiSilicon

R1-1712502
Scheduling request for feNB-IoT
Intel Corporation

R1-1712622
Physical layer scheduling request for NB-IoT
Ericsson

R1-1712807
Physical layer scheduling request
Qualcomm Incorporated

R1-1713009
Physical layer scheduling request design for NB-IoT
ZTE

R1-1713101
Scheduling request for NB-IoT
LG Electronics

R1-1713545
Discussion on scheduling request for NB IoT
Samsung

R1-1713790
Design of physical layer SR
Nokia, Nokia Shanghai Bell

R1-1713888
Discussion on SR transmission for NB-IoT
NTT DOCOMO, INC.
R1-1714758
WF on physical layer SR in NB-IoT
Huawei, HiSilicon, NTT DOCOMO, Nokia, ZTE, Sanechips
Also supported by: NSB

Revision of R1-1714936
WF on physical layer SR in NB-IoT
Huawei, HiSilicon
R1-1714611
WF on dedicated Physical layer scheduling request for NB-IoT
Ericsson
R1-1714759
WF on Piggybacked SR
Qualcomm
5.2.7.1.3 Semi-persistent scheduling and data transmission during the random access procedure

Until RAN2 has achieved sufficient progress, companies are encouraged to identify what the physical layer aspects are which need to be considered in the evaluation and design, including e.g. SPS NPDCCH monitoring changes, and Msg3 TBS range. Limit to maximum 2 contributions per 1 company/organization/university.
SPS

R1-1713319
Considerations on SPS in NB-IoT
ZTE

R1-1713791
Support for semi-persistent scheduling in NB-IoT
Nokia, Nokia Shanghai Bell

R1-1713546
New SPS mechanism for power saving
Samsung

R1-1712808
Early data transmission and SPS
Qualcomm Incorporated

Section 6

R1-1712115
On support of semi-persistent scheduling
Huawei, HiSilicon

R1-1712503
Semi-persistent scheduling for feNB-IoT
Intel Corporation

R1-1712623
Semi-persistent scheduling for NB-IoT
Ericsson

R1-1713102
SPS support in NB-IoT
LG Electronics
R1-1714756
WF on SPS for NB-IoT
Samsung
Also supported by: Nokia, NSB

Agreement:

· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:
· DCI format(s), size(s), and purpose(s)
· Reduction of NPDCCH monitoring occasions 
· Retransmission scheme(s) for UL and DL.
· Activation/release mechanism(s)

· Issues between SPS and dynamic scheduling

· What baseline should be used to compare SPS to
Data during RACH procedure

R1-1712624
Data transmission during random access procedure for NB-IoT
Ericsson

R1-1713803
Data transmission during random access procedure
Nokia, Nokia Shanghai Bell

R1-1713321
On early data transmission for NB-IoT
ZTE

R1-1713363
On early data transmission for NB-IoT
Huawei, HiSilicon

R1-1712808
Early data transmission and SPS
Qualcomm Incorporated

Sections 2-5

R1-1713103
Data transmission during random access procedure in NB-IoT

LG Electronics
R1-1714612
WF on Data transmission during random access procedure for NB-IoT
Ericsson
5.2.7.2 Narrowband measurement accuracy improvements
R1-1712116
Further consideration on narrowband measurement accuracy improvement
Huawei, HiSilicon, Neul

R1-1712625
Narrowband measurement accuracy improvements for NB-IoT
Ericsson

R1-1712809
Improvement of PHY measurements
Qualcomm Incorporated

R1-1713104
RRM measurement enhancement in NB-IoT
LG Electronics

R1-1713792
Improving measurement accuracy in NB-IoT
Nokia, Nokia Shanghai Bell
R1-1714961
WF on CRS-aided measurement accuracy improvement
LG

R1-1714754
WF on narrowband measurement accuracy enhancement
Huawei, HiSilicon

R1-1714755
[DRAFT]LS on narrowband measurement accuracy enhancement
Huawei

R1-1714613
WF on narrowband measurement accuracy improvements Ericsson
5.2.7.3 NPRACH false alarm and cell range enhancements

Limit to maximum 2 contributions per 1 company/organization/university
R1-1712117
On support of larger cell radius for NPRACH
Huawei, HiSilicon

R1-1712118
On NPRACH false alarm probability due to inter-cell interference
Huawei, HiSilicon

R1-1712626
NPRACH false alarm reduction for NB-IoT
Ericsson

R1-1712627
NPRACH range enhancements for NB-IoT
Ericsson

R1-1712810
NPRACH support for large cell access
Qualcomm Incorporated

R1-1712811
NPRACH Reliability Ehnancement
Qualcomm Incorporated

R1-1713016
NPRACH reliability enhancement  for NB-IoT
ZTE

R1-1713019
NPRACH range enhancement
ZTE

R1-1713105
Preamble structure for NPRACH enhancement
LG Electronics

R1-1713106
Resource configuration for NPRACH enhancement
LG Electronics

R1-1713547
False alarm reduction and cell range enhancment for NPRACH
Samsung

R1-1713793
NPRACH enhancements for NB-IoT
Nokia, Nokia Shanghai Bell
R1-1714751
WF on further details of Cat. 3 solution for NPRACH cell range enhancement
Huawei, HiSilicon
R1-1714476
WF on NPARCH resource sharing and boundary alignment
LG

R1-1715024
WF on Guard time for NPRACH range enhancement
LG

R1-1714948
WF on NPRACH reliability enhancement
ZTE , Ericsson,Samsung,Sanechips

Also supported by: Nokia, NSB, LG
Possible conclusion

· Regarding NPRACH false alarm rate reduction and cell range extension, companies are encouraged to explain the potential impacts of the agreed categories/alternatives on implementations.

5.2.7.4 NB-IoT small cell support
R1-1712628
NB-IoT small cell support
Ericsson

R1-1712812
Support of small cells
Qualcomm Incorporated

R1-1713020
On small cell support for NB-IoT
ZTE

R1-1713107
UL power control enhancement for NB-IoT small cell
LG Electronics

R1-1713362
On the support of NB-IoT small cell
Huawei, HiSilicon

R1-1713548
Power control for extended coverage UE
Samsung

R1-1713794
Small cell support in NB-IoT
Nokia, Nokia Shanghai Bell
R1-1714614
Way forward on UL power control in NB-IoT small cell support
Ericsson

5.2.7.5 Reduced system acquisition time

Where solutions are specified, draft CRs to be provided to RAN#78
R1-1712119
On NB-IoT synchronization time reduction
Huawei, HiSilicon, Neul

R1-1713108
System information acquisition time enhancement in NB-IoT
LG Electronics

R1-1712629
Reduced system acquisition time for NB-IoT
Ericsson
R1-1713795
Reducing system acquisition time for feNB-IoT
Nokia, Nokia Shanghai Bell
R1-1712813
Reduced system acquisition time
Qualcomm Incorporated

R1-1713010
Consideration on system acquisition time reduction for NB-IoT
ZTE

R1-1714121
System acquisition time reduction for feNB-IoT
Intel Corporation
R1-1714749
WF on enhancement of MIB-NB acquisition time in NB-IoT
Huawei, HiSilicon, Ericsson
Agreements:

· For enhancement of MIB-NB acquisition time, the following candidates are considered:
· Options 1: Using the unused 3-OFDM symbols in subframe#0 on the anchor carrier in standalone and guard-band operation modes
· Options 2: Introducing additional subframe(s) for NPBCH transmission, FFS if there is a possible restriction to non-anchor carriers
· Option 3: Enhanced MIB-NB decoding techniques, e.g. combining the NPBCH across several MIB-NB TTIs. 
R1-1714750
WF on enhancement of SIB1-NB acquisition time in NB-IoT
Huawei, HiSilicon, LGE
Agreement:
· At least the following issues are FFS regarding whether to introduce support for the network to optionally transmit additional repetitions(s) of SIB1-NB, in subframe(s) other than R13 existing SIB1-NB transmission subframes:
· The position of the subframe(s) for additional Rel-13 SIB1-NB repetitions
· The scrambling on the new additional repetitions of SIB1
· The pattern of mapping to resource elements for the additional repetition(s) (e.g., order of coded bits-to-subframe allocation)
· If a SIB1-NB with additional subframe(s) can be transmitted on a non-anchor

· How the UE determines if the additional subframe(s) are being transmitted
· The number of additional subframe(s)

· How to handle correct understanding of NPDCCH/NPDSCH transmission for legacy NB-IoT UEs.

R1-1714615
WF on enhanced NPBCH decoder to reduced system acquisition time for NB-IoT
Ericsson
5.2.7.6 TDD
R1-1713322
On support of positioning for TDD NB-IoT
ZTE

R1-1714182
OTDOA for TDD NB-IoT
SoftBank, CEWiT, Huawei, HiSilicon, IITH, IITM, KDDI, Nokia, Nokia Shanghai Bell, Reliance Jio, Sprint, Tejas Networks, ZTE
5.2.7.6.1 Downlink aspects

E.g. DL frame structure, NPSS/NSSS/NPBCH, etc.
General DL
R1-1712630
On the DL of NB-IoT TDD
Ericsson

R1-1712814
Downlink aspects of TDD
Qualcomm Incorporated

R1-1713365
On downlink TDD NB-IoT
Huawei, HiSilicon
R1-1713011
Considerations on downlink aspects to support TDD NB-IoT
ZTE

Sections 2.3, 2.4, 2.5

Focused on synchronization design
R1-1712504
Design of synchronization signals and system information for TDD support in feNB-IoT
Intel Corporation
R1-1713727
NB-IoT TDD DL NPSS/NSSS
IITH

R1-1713109
Discussion on TDD for NB-IoT in downlink aspects
LG Electronics

R1-1712674
TDD downlink aspect for FeNBIoT
Lenovo, Motorola Mobility

R1-1713549
Discussion on DL common channel/signal for TDD NB-IoT
Samsung

R1-1713797
Downlink aspects of TDD support in NB-IoT
Nokia, Nokia Shanghai Bell
R1-1714745
Way Forward on NB-IoT TDD sync signal
Ericsson

R1-1714725
Way forward on NPSS and NSSS in TDD NB-IoT
Huawei, HiSilicon

Agreements:

· We will position NPSS and NSSS and NPBCH in subframes from among the set: {0, 4, 5, 8, 9} – FFS which precise subframes.
· If NPSS and NSSS are the same as FDD:

· The combination of {NPSS in subframe #5 and NSSS in subframe #9} is a precluded option.
· Subframes 0 and 5 will certainly be used

R1-1714757
WF on NB-IoT TDD
Reliance-Jio

Agreements:
· NPSS uses

· The last 11 OFDM symbols in one subframe

· As a working assumption: the lower 11 subcarriers in  one subframe

· As a working assumption: the same cover code as in FDD

· The design shall be decodable within the same signal processing effort as the design used for FDD
· RAN1 intends to prefer NPSS designs for TDD with the smallest practicable impact to FDD NB-IoT UEs’ initial cell acquisition
R1-1714746
WF on System information transmission for TDD NB-IoT
ZTE
Agreements:
· The transmission of SIB1-NB is FFS between:

· Always on the same NB-IoT carrier as NPSS/NSSS

· Always on a different NB-IoT carrier as NPSS/NSSS

· Can be on a different NB-IoT carrier as NPSS/NSSS

· Other SIBs than  SIB1-NB can be transmitted on non-anchor carrier
R1-1714724
Way forward on NPBCH in TDD NB-IoT
Huawei, HiSilicon
5.2.7.6.2 Uplink aspects

E.g. UL frame structure, NPRACH, etc.
Focus on NPUSCH
R1-1712631
On the UL of NB-IoT TDD
Ericsson


Section 3.1.1

R1-1713798
Uplink aspects of TDD support in NB-IoT
Nokia, Nokia Shanghai Bell

Section 3

R1-1712815
Uplink aspects of TDD
Qualcomm Incorporated
Section 2.2

R1-1713110
Discussion on TDD for NB-IoT in uplink aspects
LG Electronics
Section 2.2

R1-1713550
Discussion on UL channel for TDD NB-IoT
Samsung
Section 3
R1-1713324
Overview of UL TDD NB-IoT
Sharp
Sections 2.1, 2.2
Focus on NPRACH

R1-1713779
NB-IoT TDD NPRACH
IITH
R1-1713012
Considerations on uplink aspects to support TDD NB-IoT
ZTE
Section 2

R1-1713366
On uplink TDD NB-IoT
Huawei, HiSilicon
Section 2
R1-1714122
Design of NPRACH for TDD support in feNB-IoT
Intel Corporation
R1-1713550
Discussion on UL channel for TDD NB-IoT
Samsung
Section 2

R1-1713798
Uplink aspects of TDD support in NB-IoT
Nokia, Nokia Shanghai Bell

Section  2
R1-1712815
Uplink aspects of TDD
Qualcomm Incorporated
Section 2.3

R1-1712631
On the UL of NB-IoT TDD
Ericsson


Section 3.1.2

R1-1713110
Discussion on TDD for NB-IoT in uplink aspects
LG Electronics
Section 2.3

R1-1714753
WF on NPRACH for NB-IoT TDD
Samsung

Agreements:

· NPRACH for TDD supports single-tone with frequency hopping
· Multi-tone NPRACH formats can also be considered
· FFS details of frequency hopping
· One symbol group is defined by one CP, and N symbols. 
· FFS the value(s) of N
· FFS CP durations, symbol duration
· A preamble is defined by P symbol groups
· FFS: Guard time usage

· Repetition of NPRACH preamble is supported
· The cell radius target for TDD NPRACH is FFS
R1-1714617
Way Forward on considerations for NPUSCH in NB-IoT TDD
Ericsson
5.2.7.6.3 Common aspects

E.g. Relaxations of MCL, latency, capacity targets; UL:DL configurations, special subframe, HARQ, etc.
R1-1713780
NB-IoT TDD Common aspects
IITH

R1-1713013
Considerations on common aspects to support TDD NB-IoT
ZTE
R1-1713799
Common Aspects of NB-IoT TDD Operation
Nokia, Nokia Shanghai Bell
R1-1712632
On the other aspects of TDD for NB-IoT
Ericsson
Agreement
· Send a LS to the RAN4 to:

· Ask what is the minimum time for DL-to-UL and UL-to-DL switching on one NB-IoT carrier for TDD NB-IoT UEs. 

· Prepare draft LS in R1-1714758 (Yutao, Ericsson)

R1-1715085
WF on UL to DL and UL to DL switching time in NB-IoT TDD Ericsson
R1-1713551
Discussion on NB-IoT TDD configuration
Samsung

R1-1713111
Discussion on TDD for NB-IoT in common aspects
LG Electronics
Agreements:

· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).

· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target

· For evaluations, the FDD numbers of repetitions for physical channels are assumed 

· FFS the noise figure (eNB and UE) which will be assumed
· The 2.6 GHz TDD band is prioritized for evaluations
· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed

· Targets of latency, and capacity may be relaxed for TDD NB-IoT.

R1-1712505
Overall design for TDD support in feNB-IoT
Intel Corporation

R1-1712675
TDD support common issue for FeNBIoT
Lenovo, Motorola Mobility

R1-1712816
General considerations on TDD design
Qualcomm Incorporated

R1-1713364
Common aspects for TDD NB-IoT
Huawei, HiSilicon
R1-1714618
Way Forward on TDD NB-IoT Configurations
Ericsson
· The proposed alternatives for the TDD configurations to be supported by NB-IoT TDD are:
· Alt1: In Rel-15, all the LTE configurations are supported by NB-IoT TDD.
· Alt2: In Rel-15, prioritize LTE TDD configurations having a more adequate number of UL and DL subframes (e.g., TDD configuration #1, #2, #3, #4).
· There should be no difference in the number of TDD configurations supported in different operation modes (i.e., in-band, guard-band, and standalone).
· Non-anchor carriers should be supported in NB-IoT TDD
· FFS the detailed configurations
· The LTE TDD special subframes should be supported and used by NB-IoT
· FFS whether all the special subframe configurations can be supported by NB-IoT. 
R1-1714726
Way forward on UL:DL configurations in TDD NB-IoT
Huawei, HiSilicon

· On UL DL configurations for TDD NB-IoT:
· For in-band and guard-band mode, strive to support as many LTE UL:DL configurations as possible.
· For standalone mode, at least all LTE UL:DL configurations are supported. FFS additional UL:DL configurations for standalone mode.
· The supported UL:DL configurations for standalone mode can be different with that for in-band/guard-band mode. 
· The supported UL:DL configurations may be different if there is one NB-IoT carrier configured than if there is more than one NB-IoT carrier configured.
Agreements:

· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD

· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.

· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD
R1-1714727
Way forward on special subframe in TDD NB-IoT
Huawei, HiSilicon
R1-1714774
WF on cross-carrier scheduling in TDD
LG Electronics
R1-1715091
WF on UL/DL interlacing in TDD
LG Electronics
Revision of R1-1714829
WF on UL/DL interlacing in TDD
LG Electronics
5.2.7.7 Others
R1-1712817
Modulation enhancements for NB-IoT
Qualcomm Incorporated

R1-1714548
On NB-IoT System Information acquisition time reduction
Huawei, HiSilicon, Neul 
