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Introduction
This contribution lists RAN1 agreements made for the Rel-16 WI on ‘Additional Enhancements for NB-IoT’ (WI code NBIOTenh3) in RAN1#94 and RAN1#94b meetings.

Notes:
· The WI objective from the WID in RP-181674 is inserted below for convenience.
· The list of submitted feature lead summaries is included.
· A WI work plan has been provided by the WI rapporteur in R1-1810081.
· RAN2 agreements are summarised in R2-1815744.
WI objective
Core part WI objective:

	The objective is to specify the following set of improvements for machine-type communications for NB-IoT FDD.
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

[bookmark: _Hlk515906322]Improved UL transmission efficiency and/or UE power consumption:
· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes

Scheduling enhancement:
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.

Network management tool enhancement:
· SON support for reporting of [RAN2, RAN3]
· Cell Global Identity and strongest measured cell(s) (ANR)
· Random access performance
· Radio link failure (RLF), if needed

Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

Mobility enhancement:
· Specify power efficient NB-IoT mechanism which would assist idle mode inter-RAT cell selection for NB-IoT to and from LTE, LTE-MTC and GERAN [RAN2]

[bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR [RAN4, RAN1, RAN2]

Note: Based on the outcome of the SA2 study, this WID may later be updated to include the RAN aspect of connection to 5G Core. 




Performance part WI objective:

	Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements.



UE-group wake-up signal
RAN1#94:

	R1-1809532	Feature summary of 6.2.2.1 UE-group wake-up signal	Ericsson

Agreement:
UE-group WUSs are only multiplexed in the same carrier as associated PO
· FFS TDM/CDM for UE-group NWUS multiplexing

Agreement
Rel-16 UE-group NWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group NWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity

Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services



RAN1#94bis:

	R1-1811664	Feature summary of UE-group wake-up signal for NB-IoT	Ericsson
R1-1811679	Further topics for UE-group wake-up signal for NB-IoT	Ericsson
[bookmark: _Toc526830122]
Agreement 
UE-group NWUS is supported based on eNB’s and UE’s capability.
[bookmark: _Toc526830123]Whether the network supports UE-group NWUS is done by higher layer signaling.
[bookmark: _Toc526830124]FFS: The number of UE groups is configured by SIB.
[bookmark: _Toc526830125]Note that the UE-group NWUS is UE optional

[bookmark: _Ref526497265][bookmark: _Toc526830132]Agreement
From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.

Agreement 
The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered

Agreement
Group WUS is based on at least legacy WUS and UE-group ID.

Agreement
Configuration of group WUS is at least signaled in SI

Agreement
A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS

[bookmark: _Toc526916206]Agreement
Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM
· FFS: Whether single sequence CDM can include legacy WUS
· FFS: Multiplexing between Rel-15 and Rel-16 UE groups
· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time



Support for transmission in preconfigured UL resources
RAN1#94:

	[bookmark: _Toc521934796]R1-1809571	Feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon

Agreement
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Agreement 
Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· If supported, details of HARQ design including the number of HARQ processes;
· Whether ACK/NACK is necessary
Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.



RAN1#94bis:

	R1-1811697	Feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon
R1-1811678	Summary of offline discussions on PUR for eMTC and NB-IoT	Huawei, HiSilicon

Agreement
In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell NRSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Note that UE power consumption should be taken into account for the FFS attributes

Agreement
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Agreement
Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

Agreement
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)

Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Agreement
Dedicated preconfigured UL resource is defined as an NPUSCH resource used by a single UE 
· NPUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 
Contention-free shared preconfigured UL resource (CFS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE
· NPUSCH resource is at least time-frequency resource
· CFS PUR is contention-free 
Contention-based shared preconfigured UL resource (CBS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE
· NPUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)

Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether two HARQ processes are supported
· FFS: The design of the corresponding NPDCCH search space

Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.



[bookmark: _Toc525997467]Scheduling of multiple DL/UL transport blocks
RAN1#94:

	R1-1809523	Feature lead summary of scheduling enhancement for NB-IoT	ZTE

[bookmark: OLE_LINK28]Agreement
For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.

Agreement
· One DCI to schedule multiple TBs for SC-MCCH is not supported

[bookmark: OLE_LINK9]Agreement
For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

Agreement
For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS 



RAN1#94bis:

	R1-1811660	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement 
The UE should only monitor one DCI size in the UE specific search space.

Working Assumption
For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE

Agreement
Individual feedback for each HARQ process is supported. 
FFS if HARQ bundling/multiplexing can be optionally supported.

Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. 



Coexistence of NB-IoT with NR
RAN1#94:

	R1-1809572	Feature lead summary of Coexistence of NB-IoT with NR	Huawei, HiSilicon

Observation
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT.

Agreement
RAN1 studies additional specification enhancement for improving the performance of coexistence of NB-IoT with NR.



RAN1#94bis:

	R1-1811698	Feature lead summary of Coexistence of NB-IoT with NR	Huawei, HiSilicon

Agreement 
The following aspects are studied to improve the performance of coexistence of NB-IoT with NR
· Resource reservation in NB-IoT
· Overlap of NR SSB with NB-IoT




Support of Quality report in Msg3 for non-anchor access
RAN1#94:

	[bookmark: _GoBack]R1-1809600	Feature lead summary on support of quality report in Msg3 for non-anchor access	Huawei, HiSilicon

Agreement
For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS: Whether the details on the hypothetical NPDCCH are specified or not

Working Assumption
For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· FFS: Whether the UE performs measurement on other carriers

Agreement
For non-anchor access, RAN1 further studies how UEs report the measured channel quality



RAN1#94bis:

	R1-1811699	Feature lead summary of support of quality report in Msg3 for non-anchor access	Huawei, HiSilicon

Agreement 
RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.

Agreement
From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed

Agreement
RAN1 does not define measurement reference resource for non-anchor access.

For further study:
The following scenarios with regards to downlink channel quality reporting in msg3 for non-anchor carrier access.
· For EDT/non-EDT, msg3 associated with PDCCH order PRACH, IDLE
· PUR



[bookmark: _Toc525997481]Presence of NRS on a non-anchor carrier for paging
RAN1#94:

	R1-1809522	Feature lead summary of presence of NRS on a non-anchor carrier for paging	Qualcomm

Agreement (confirmed by Friday)
The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling.
· Above applies only for non-anchor carriers

Agreement (confirmed by Friday)
For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use case:
· Early termination of NPDCCH / WUS
Above is not intended to restrict the study of other use cases in other WGs which may or may not have RAN1 specification impact



RAN1#94bis:

	R1-1811326	Presence of NRS on a non-anchor for paging (feature lead summary)	Qualcomm Europe Inc. (Spain)

Agreement
The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.

Agreement
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.
· FFS: Whether PO is from UE perspective or NW perspective

Agreement
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
FFS: Details of the subset, whether it depends on some existing parameters such as DRX cycle or new parameters by configuration
FFS: Whether the subset can be the whole set of POs by configuration.

For next meeting:
Companies are encouraged to consider increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. NR), paging performance, reduced UE power consumption in the setting of presence of NRS when no paging is sent on a non-anchor carrier
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