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[bookmark: _Toc494788929]Further enhancements of NB-IoT
WID in RP-172063. 
[bookmark: _Toc494788930]Latency and power consumption reduction
Where solutions are specified, draft CRs to be provided to RAN#78
Power consumption reduction for paging and connected-mode DRX
Physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH.
Wake-up signal functions
Including: with or not with DTX; with or not with synchronization function; information conveyed; connected mode DRX, etc.
R1-1716973	On functions of power saving signal	Huawei, HiSilicon
R1-1717207	Power consumption reduction for physical channels for NB-IoT	ZTE, SaneChips
R1-1717272	Discussion on power saving signal/channel function	LG Electronics
R1-1718140	Wake-up signal functions	Qualcomm Incorporated

R1-1717009	Wake-up signal functions	Ericsson
R1-1717226	Functions of wake-up signal	Nokia, Nokia Shanghai Bell
R1-1717343	The function scope of wake-up signal for feNB-IoT	Intel Corporation
R1-1717457	Remaining details on wake-up signal functions for feNB-IoT	vivo
R1-1718062	On wake-up signal functionalities	Guangdong OPPO Mobile Telecom

R1-1718919	WF on power saving signal/channel for connected mode DRX	LG
R1-1718943	Way Forward on wake up signal function	Huawei, HiSilicon

R1-1719012	WF on Wake-up Signal Functions	Ericsson, Samsung, Qualcomm, Intel,[ZTE],Sony

Agreements:
· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;
· The UE is configured with a transmission duration of WUS by higher layers
· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
Wake-up signal configurations and procedures
How many UEs and POs the signal applies to; resource allocation; timing relationships to NPDCCH/NPDSCH.
R1-1717208	Discussion on wake up signal  configuration for NB-IoT	ZTE, SaneChips
R1-1716985	On configurations and procedures of power saving signal	Huawei, HiSilicon
R1-1717010	Wake-up signal configurations and procedures	Ericsson
R1-1717344	Configurations of wake-up signal for feNB-IoT	Intel Corporation

R1-1717227	Wake-up signal configurations and procedures	Nokia, Nokia Shanghai Bell
R1-1718063	On wake-up signal transmission	Guangdong OPPO Mobile Telecom

R1-1718141	Wake-up signal configurations and procedures	Qualcomm Incorporated
R1-1717568	Discussion on Wake up signal configuraion	Samsung
R1-1717273	Discussion on power saving signal/channel configurations and procedures	LG Electronics

R1-1717922	Avoiding the impact on MME	SoftBank Corp.

R1-1718944	Way Forward on Wake-up signal configurations and procedures	Huawei, HiSilicon

Agreements:
· RAN1 assumes that introduction of WUS does not alter PO/PF definition
· At least in a UE’s DRX cycle:
· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a cell;
· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a cell
· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102)

Working assumption:
· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:
· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

Agreements: 
· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case 
Detailed design of wake-up signal
Design of the physical signal, evaluations, etc.
R1-1716986	On detailed design and evaluations of power saving signal	Huawei, HiSilicon
R1-1717209	Details design of wake up signal for NB-IoT	ZTE, SaneChips
R1-1718142	Wake-up signal design	Qualcomm Incorporated

R1-1717274	Design of power saving signal/channel	LG Electronics
R1-1717345	Wake-up signal design for feNB-IoT	Intel Corporation
R1-1718064	On wake-up signal design	Guangdong OPPO Mobile Telecom

R1-1717228	Considerations for design of wake-up signal	Nokia, Nokia Shanghai Bell
R1-1717011	Detailed design of wake-up signal	Ericsson
R1-1717458	Views on design of wake-up signal for feNB-IoT	vivo

R1-1718942	Way Forward on detailed design of wake up signal	Huawei, HiSilicon, LGE

Agreements:
· WUS signal is at least cell-specific;
· FFS scrambling of WUS including time varying scrambling
· Long ZC sequence based signal is considered as the starting point for WUS signal:
· FFS: whether the sequence can span over multiple subframes
· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;
· FFS: Support transmit diversity for NB-IoT WUS 
· FFS: NSSS like signal is used as the wake-up signal

R1-1718941	WF on Wake-up Signal Transmission in NB-IoT	Qualcomm, Ericsson
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.
R1-1717014	Data transmission during random access procedure for NB-IoT	Ericsson
R1-1717213	On early data transmission  for NB-IoT	ZTE, SaneChips
R1-1717229	Data transmission during random access procedure	Nokia, Nokia Shanghai Bell
R1-1717275	Data transmission during random access procedure in NB-IoT	LG Electronics
R1-1717569	Discussion on early data transmission for NB-IoT	Samsung
R1-1717724	Early data transmission in RACH for NB-IoT	Huawei, HiSilicon
R1-1717871	Early data transmission for feNB-IoT	Intel Corporation
R1-1718143	Physical layer aspects of data transmission during random access procedure	Qualcomm Incorporated

R1-1719014 Way Forward on early data transmission in NB-IoT	Huawei, HiSilicon
Revision of R1-1718950	Way Forward on early data transmission in NB-IoT Huawei, HiSilicon

Agreements:
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.
· FFS if and how there will also be a larger supported maximum total TBS
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead
· Send LS to RAN2 informing the above (Xiaolei, HiSilicon, R1-1719100) (including eMTC agreements)

R1-1719100	[Draft] LS on agreements on early data transmission during random access procedure for NB-IoT and BL/CE UEs in Rel-15	HiSilicon [TSG RAN WG1]

· LS is agreed in R1-1719103, with the following changes

In Rel-13/14, the TBS for Msg3 is:
· 88 bits for NB-IoT UEs
· Maximum 712 bits for BL/CE UEs in CE mode A
· Maximum 328 bits for BL/CE UEs in CE mode B

In RAN1#90bis, the following were agreed in RAN1 regarding data transmission during the random access procedure for NB-IoT:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.
· FFS if and how there will also be a larger supported maximum total TBS
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead.

[bookmark: _Hlk495573327]Note that for Msg3 for Rel-13 Cat. NB 1 UEs, the maximum total TBS is 88 bits.

[bookmark: _Toc494788923]RAN1 also agreed the following agreements for early data transmission during the random access procedure for BL/CE UEs:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.
· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.
· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.
[bookmark: _Toc494788931][bookmark: _Toc464256839]Reduced system acquisition time
Where solutions are specified, draft CRs to be provided to RAN#78
R1-1718134	Physical layer aspects of eary data transmission	Qualcomm Incorporated
Cell search
R1-1716980	Reduction of NB-IoT synchronization time	Huawei, HiSilicon
R1-1717019	On NB-IoT Cell Search Improvement for System Acquisition Time Reduction	Ericsson
R1-1717200	Consideration on cell search enhancement for NB-IoT	ZTE, SaneChips
R1-1717230	Reducing cell search time for feNB-IoT	Nokia, Nokia Shanghai Bell
R1-1717277	Cell search latency enhancement	LG Electronics
R1-1718144	Enhancements to cell search	Qualcomm Incorporated
System Information
R1-1716987	Reduction of NB-IoT System Information acquisition time	Huawei, HiSilicon
R1-1717020	On MIB-NB and SIB1-NB acquisition time reduction	Ericsson
R1-1717201	Improving system information acquisition performance for NB-IoT	ZTE, SaneChips
R1-1717231	Reducing system acquisition time for feNB-IoT	Nokia, Nokia Shanghai Bell
R1-1717278	System information acquisition latency enhancement	LG Electronics
R1-1717346	System information acquisition time reduction for feNB-IoT	Intel Corporation
R1-1718145	Enhancements to system information acquisiton	Qualcomm Incorporated

R1-1718952	WF on System information acquisition improvement	LG, Huawei
Also supported by: HiSilicon, Neul

Agreements:
· SIB1-NB can be additionally transmitted in subframe(s) other than Rel.13 existing SIB1-NB transmission subframes on the anchor-carrier.
· Additional SIB1-NBs are transmitted on subframe #3
· The periodicity of additional SIB1-NB transmissions is 20 ms and in the same radio frame as legacy transmission
· FFS the supported number(s) of additional transmissions of SIB1-NB
· There is no signalling of the number of additional SIB1-NB transmissions
· The TBS, coding, and modulation of additional SIB1-NB repetitions are the same as the existing ones for Rel.13 SIB1-NB
· FFS scrambling
· FFS: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved compared to the existing SIB1-NB transmission
· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap
· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB (and NSSS) as valid downlink subframes
· Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB
· FFS if additional SIB1-NB transmissions are also supported on non-anchor carriers
[bookmark: _Toc494788932]TDD
R1-1718149	Coexistence with NR	Qualcomm Incorporated
Downlink aspects
E.g. DL frame structure, NPSS/NSSS/NPBCH, etc.
R1-1716982	On downlink TDD NB-IoT	Huawei, HiSilicon
R1-1717021	On the DL of NB-IoT TDD	Ericsson
R1-1717202	Detailed design on downlink aspects to support TDD NB-IoT	ZTE, SaneChips
R1-1717232	Downlink aspects of TDD support in NB-IoT	Nokia, Nokia Shanghai Bell
R1-1717280	Discussion on DL aspects in TDD NB-IoT	LG Electronics
R1-1717347	Design of synchronization signals and system information for TDD support in feNB-IoT	Intel Corporation
R1-1717440	Views on TDD downlink aspect for R.15 NBIoT	Lenovo, Motorola Mobility
R1-1717570	Discussion on DL common channel/signal for TDD NB-IoT	Samsung
R1-1718146	Downlink aspects of TDD	Qualcomm Incorporated
R1-1718172	Views on downlink aspects to support NB-IoT TDD	NTT DOCOMO, INC.
Late submission

R1-1718900	WF on system information transmission for TDD NB-IoT	ZTE, SaneChips

Agreements: 
· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15
Working assumption:
· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15

Agreements
· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:
· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:
· It is supported that SIB1-NB is transmitted only on the anchor carrier
· In at least subframe #0 in odd frames
· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details
· It is necessary to consider SFN wraparound as part of FFS
· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)
· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

R1-1718973	Summary on NPSS, NSSS and NPBCH transmission in TDD NB-IoT	Huawei, HiSilicon

Agreements:
· For NPSS, NSSS and NPBCH transmission in TDD:
· NPSS is transmitted on subframe #5 in every radio frame
· NSSS is transmitted on subframe #0 in every even-numbered radio frame
· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

R1-1718974	Way Forward on NPSS and NSSS signal design in TDD NB-IoT	Huawei, HiSilicon, Qualcomm, Ericsson, Intel, Samsung, IITH, CEWiT, IITM, Tejas Networks, Reliance Jio,Sharp, Lenovo and Motorola Mobility
Also supported by ZTE, SaneChips

Agreements:
· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.
· The NPSS and NSSS sequences for TDD are the same as FDD.
· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:
· TDD NB-IoT will support all LTE special subframe configurations
Uplink aspects
E.g. UL frame structure, NPRACH, NPUSCH, etc.
R1-1717022	On the UL of NB-IoT TDD	Ericsson
R1-1717712	NPRACH design aspects for the support of TDD NB-IoT	CEWiT
R1-1716983	On uplink TDD NB-IoT	Huawei, HiSilicon
R1-1717233	Uplink aspects of TDD support in NB-IoT	Nokia, Nokia Shanghai Bell
R1-1717348	Discusssion on the UL aspects for TDD support in feNB-IoT	Intel Corporation

R1-1717203	Detailed design on uplink aspects to support TDD NB-IoT	ZTE, SaneChips
R1-1717216	Discussion on NB-IoT TDD-UL	Sharp
R1-1717281	Discussion on UL aspects in TDD NB-IoT	LG Electronics
R1-1717571	Discussion on UL channel for TDD NB-IoT	Samsung
R1-1717987	NPRACH design for NB-IoT TDD	IITH
R1-1718147	Uplink aspects of TDD	Qualcomm Incorporated

R1-1719095	NPUSCH TDD	Ericsson
Agreements:
· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.
· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD
· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD
· This needs to take into consideration the co-existence of NPRACH and NPUSCH.

R1-1719096	NPRACH FH	ZTE
Agreements:
· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.
· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes
· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration
· G is FFS, and G≥2
· P (number of symbol groups in a preamble) is even.
· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.
· FFS the details of the hopping pattern
· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported
· For the hopping between discontinuous transmissions within one preamble
· FFS hopping distance and hopping pattern
· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions
· FFS details
Common aspects
[bookmark: _Toc494788933]E.g. Relaxations of MCL, latency, capacity targets; UL:DL configurations, special subframe, HARQ, etc.
R1-1717988	Views on common aspects	IITH
R1-1717204	Detailed design on common aspects to support TDD NB-IoT	ZTE, SaneChips
R1-1717234	Common Aspects of NB-IoT TDD Operation	Nokia, Nokia Shanghai Bell
R1-1717349	Overall design for TDD support in feNB-IoT	Intel Corporation
R1-1717023	On the other aspects of TDD for NB-IoT	Ericsson

R1-1716981	Common aspects for TDD NB-IoT	Huawei, HiSilicon
R1-1717282	Discussion on common aspects in TDD NB-IoT	LG Electronics
R1-1717441	Views on common issue for TDD NBIoT	Lenovo, Motorola Mobility
R1-1717572	Discussion on NB-IoT TDD configuration	Samsung
R1-1718148	General considerations on TDD design	Qualcomm Incorporated

R1-1719097	TDD common	LG
R1-1719098	TDD common	LG
R1-1719099	TDD common	LG
R1-1719101	TDD common	LG
Others
Contributions on other Part A objectives can be submitted here.
R1-1716974	Use cases and design for physical layer scheduling request	Huawei, HiSilicon
R1-1717012	Physical layer scheduling request for NB-IoT	Ericsson
R1-1717206	Detailed design on physical layer SR  for NB-IoT	ZTE, SaneChips
R1-1717283	Discussion on Scheduling request in NB-IoT	LG Electronics
R1-1717573	Discussion on scheduling request for NB-IoT	Samsung
R1-1718151	Physical layer scheduling request	Qualcomm Incorporated

R1-1716975	On support of semi-persistent scheduling	Huawei, HiSilicon
R1-1717013	Semi-persistent scheduling for NB-IoT	Ericsson
R1-1717205	Physical layer aspects on SPS in NB-IoT	ZTE, SaneChips
R1-1718173	Views on SPS activation and deactivation mechanism	NTT DOCOMO, INC.
Late submission

R1-1716976	Remaining details of NB-IoT measurements improvement	Huawei, HiSilicon
R1-1717015	Narrowband measurement accuracy improvements for NB-IoT	Ericsson
R1-1717284	RRM measurement enhancement in NB-IoT	LG Electronics
R1-1717764	Discussion on candidates for measurement improvement for NB-IoT	ZTE, SaneChips
R1-1718153	Improvement of PHY measurements	Qualcomm Incorporated

R1-1716977	NPRACH enhancement for cell radius extension	Huawei, HiSilicon
R1-1717017	NPRACH range enhancements for NB-IoT	Ericsson
R1-1717211	NPRACH range enhancement	ZTE, SaneChips
R1-1718154	NPRACH support for large cell access	Qualcomm Incorporated

R1-1716978	On NPRACH false alarm reduction due to inter-cell interference	Huawei, HiSilicon
R1-1717016	NPRACH false alarm reduction for NB-IoT	Ericsson
R1-1717212	NPRACH reliability enhancement  for NB-IoT	ZTE, SaneChips
R1-1717285	Preamble structure for NPRACH enhancement	LG Electronics
R1-1717286	Resource configuration for NPRACH enhancement	LG Electronics
R1-1718155	NPRACH Reliability Ehnancement	Qualcomm Incorporated

R1-1716979	On the support of NB-IoT small cell	Huawei, HiSilicon
R1-1717018	NB-IoT small cell support	Ericsson
R1-1718152	Support of small cells	Qualcomm Incorporated

R1-1718150	Modulation enhancements for NB-IoT	Qualcomm Incorporated
