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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-Core; WID in RP-192313), until and including RAN1#99.

Notes:
· The WI objective from the WID is inserted below for convenience.
· The list of submitted feature lead summaries is included.
· RAN2 agreements are summarised in R2-1916424.
· RRC parameters for L1 configuration are summarized in R1-1913673.
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, RAN4]
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].
· 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]

Improved latency:
· Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]

[bookmark: _Hlk516692042]Coexistence with NR
· Specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2].

· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.

Connection to 5GC:
· Specify support for the following features [RAN2, RAN3]
· Support of extended DRX in CM-IDLE
· Support of User Plane CIoT optimization
· Support of EDT for Data over NAS and User Plane CIoT optimization
· Support of Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)
· Support of restriction of use of Enhanced Coverage
· Delivery of Expected UE Behaviour information to the RAN
· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC




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



RAN1#95:

	R1-1813714	Summary of 6.2.2.1 Group WUS for NB-IoT	Ericsson
R1-1813756	Further topics on 6.2.2.1 Group WUS for NB-IoT   Ericsson

Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s)

Agreement
One group WUS is designed as a single sequence

[bookmark: _Toc529800363]Agreement 
Further study false detection (cross/auto correlation) performance properties for the following designs:
· [bookmark: _Toc529800364]legacy WUS + cover codes,
· [bookmark: _Toc529800365]legacy WUS + shifted scrambling codes,
· [bookmark: _Toc529800366]legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
[bookmark: _Toc529800367]Other designs are not precluded.

Agreement 
[bookmark: _Toc529800358]The number of UE groups is configurable and broadcasted in SIB.
· [bookmark: _Toc529800359]FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.

Agreement
Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM

[bookmark: _Toc529800342]Agreement
A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to support waking up a subset of all WUS UE groups

[bookmark: _Toc529980151]Agreement
For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· [bookmark: _Toc529980152]TDM
· [bookmark: _Toc529980154]single-seq. CDM
· [bookmark: _Toc529980155]single-seq. CDM+TDM
[bookmark: _Toc529980156]FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.

[bookmark: _Toc529980160]Agreement
Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· No new gap higher layer signaling will be introduced for TDM



RAN1#96:

	R1-1903247	Feature lead summary for Group wake-up signal for NB-IoT	Ericsson 
R1-1903508	Further topics for 6.2.2.1 Group WUS for NB-IoT	Ericsson

For further evaluation and study (especially from UE implementation perspective):
Benefits and costs with more grouping levels, i.e., subgroups of subgroups.

Agreement
A UE is required to monitor WUS(s) in only one WUS (T/F) resource location

Agreement
[bookmark: _Toc2181170][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

[bookmark: _Toc2181172]For further study until next meeting
Companies are encouraged to provide results for the different sequence candidates, taking into account, e.g., 
a. [bookmark: _Toc2181173]Detection window lengths
b. [bookmark: _Toc2181174]Frequency errors
c. [bookmark: _Toc2181175]Channel model
[bookmark: _Toc2181176]where a starting point for evaluations is the Rel-15 WUS assumptions in R1-1714993 and Rel-15 WUS functionality (w.r.t. frequency error and detection window lengths).



RAN1#96bis:

	R1-1905536	Feature lead summary of UE-group wake-up signal in NB-IoT	Ericsson
R1-1905583	Further topics for UE-group wake-up signal in NB-IoT	Ericsson

[bookmark: _Toc5719908][bookmark: _Ref5352343]Agreement
Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

[bookmark: _Toc5719912]Agreement
Group WUS location in relation to legacy WUS may be configured such that:
· [bookmark: _Toc5719913][bookmark: _Hlk5352570]If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,
· [bookmark: _Toc5719914]If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.

[bookmark: _Toc5719915]Agreement 
Group WUS sequence design is down selected between the following in RAN1#97
· [bookmark: _Toc5719916][bookmark: _Toc5640974]Legacy WUS with shifted scrambling codes
· [bookmark: _Toc5719917]Legacy WUS with time-frequency short OCCs 
· [bookmark: _Toc5719918]Phase shifted legacy WUS using a suitable subset of the phase increments.
· Legacy WUS with Gold codes
Companies are encouraged to provide evaluation results

[bookmark: _Toc5811409]Agreement
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.



RAN1#97:

	R1-1907578	Feature lead summary of UE-group wake-up signal in NB-IoT	Ericsson

Working Assumption
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 
· FFS: Details of g and G

Agreement
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence.

Working Assumption
[bookmark: _Toc8741529]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

Working Assumption
[bookmark: _Toc8741530]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

Agreement
[bookmark: _Toc8741531]Each UE monitors up to X WUS sequences. 
· [bookmark: _Toc8741532]Value of X will be selected between 2 and 3
· [bookmark: _Toc8741533]X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported




[bookmark: _Hlk22678061]RAN1#98:

	R1-1909489	Feature lead summary of UE-group wake-up signal in NB-IoT	Ericsson
R1-1909716	Remaining topics for UE-group wake-up signal in NB-IoT	Ericsson

Agreement
[bookmark: _Toc17459340]The maximum number of UE groups per WUS resource is 8. 

Agreement
The following WA is confirmed:
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to w_(group)(m’) = w(m’) exp(j2πgm/G)

Agreement
The specification supports configurability to enable UE group to alternate between WUS resources

Agreement
· [bookmark: _Toc17459345]Different WUS resources use different scrambling initialization, c_init

Agreement
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs

[bookmark: _Toc17884984]Agreement
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

Working Assumption
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
[bookmark: _Toc17884986]
Agreement
The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
· [bookmark: _Toc17884987]UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· [bookmark: _Toc17884988]Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence




RAN1#98bis:

	R1-1910873	Feature lead summary for UE-group wake-up signal in NB-IoT	Ericsson
R1-1911384	Further topics for UE-group wake-up signal in NB-IoT	Ericsson

[bookmark: _Toc21948630]Agreement
For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.

Agreement
The number of UE groups per WUS resource is 1, 2, 4, or 8

Agreement
[bookmark: _Toc21948638]The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated same as in Rel-15 legacy WUS.

Agreement


[bookmark: _Toc21948643]The group WUS resource that may coincide with legacy WUS is assigned  and the preceding group WUS resource is assigned .


[bookmark: _Toc21948644]Agreement
The group WUS base sequence is initialized according to
[image: ]

where  is given by the resource configuration


[bookmark: _Toc22132176]Agreement
Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
· If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used.
· If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.

Agreement
[bookmark: _Toc22132171]Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.
· [bookmark: _Toc22132172]FFS: Consider both cell-specific DRX cycle and UE-specific DRX cycle.
· [bookmark: _Toc22132173]At least the following parameters are used in the pre-defined method
· [bookmark: _Toc22132174]H_SFN of current PO
· [bookmark: _Toc22132175]DRX cycle




RAN1#99:

	R1-1913231	Feature lead summary of UE-group wake-up signal in NB-IoT	Ericsson

Agreement
[bookmark: _Toc24779589]For common WUS, g = 126 unless in a shared resource and common WUS is configured to be legacy WUS in which case g = 0.

Agreement
[bookmark: _Toc24779590]RAN2 to determine the mapping between higher layer grouping and grouping used to determine UE group per resource.

Agreement
If legacy NWUS is configured as common NWUS and all UE groups are only based on UE ID assuming no signaling of paging probability for UE grouping, alternate minimum number of UE groups and keep same number of NWUS groups per NWUS resource, which is based on

Otherwise, alternate all UE groups per NWUS resource together, which is based on

where
· M with M>1 is the total number of NWUS resources for Rel-16 NWUS. 
·  is the cell-specific DRX cycle measured in radio frames.
· SFN is the SFN corresponding to the PO.
·  with  is the index for Rel-16 NWUS resource based on the NWUS resource index as  if  is used for group NWUS or , otherwise.  
·  is initial index for Rel-16 NWUS resource. 
·  with  is the UE group index. 
·  is the initial UE group index. 
·  is the number of UE groups in the -th NWUS resource for Rel-16 NWUS.
·   and  

Agreement 
1bit in SIB is used to enable/disable alternating UE group among more than one WUS resources for group WUS





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.



RAN1#95:

	R1-1813717	Feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon
R1-1813762	Further topics for transmission in preconfigured UL resources	Huawei, HiSilicon

Agreement 
In idle mode, at least the following TA validation attributes are supported:
· 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)
· Based on NRSRP measurement definition in existing Rel-15 TS36.214
Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS. The LS is endorsed in R1-1813778

Agreement
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Include in LS to RAN2, RAN4.

For further study:
TA validation attributes:
· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell

Agreement
Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement
In idle mode, only one HARQ process is supported for dedicated PUR

Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space
· FFS: Details on the search space (for example USS, CSS)



RAN1#96:

	R1-1903254	Feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon
R1-1903513	Updated feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon

Agreement 
When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.

Agreement
For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuratn.
· PUR search space is the search space where UE monitors for NPDCCH
· FFS: Whether PUR search space is common or UE specific

Agreement
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  

Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute

Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported

Agreement
When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA

Agreement
In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:
· Timing advance adjustment 
· UE TX power adjustment
· FFS: Repetition adjustment for NPUSCH
FFS: Whether the above update is done in L1 and/or higher layer

Agreement
In idle mode, the PUR search space configuration includes at least the following: 
· NPDCCH repetitions and aggregation levels 
· NPDCCH starting subframe periodicity (variable G)
· Starting subframe position (alpha_offset)

Agreement
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
· Legacy DMRS pattern



RAN1#96bis:

	R1-1905538	Feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon
R1-1905585	Updated feature lead summary of Support for transmission in preconfigured UL resources Huawei, HiSilicon

Agreement
In idle mode, a UE can be configured such that TA is always valid within a given cell.
· Up to RAN2 how to implement 
· e.g. PUR Time Alignment Timer or NRSRP Threshold = infinity 

Agreement 
The value(s) of NRSRP threshold(s) is UE specific

Agreement
The UE monitors the NPDCCH for at least a time period after a PUR transmission.
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in that time period. 
· FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted

Agreement
Reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK

Agreement
After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. Other behaviors are FFS.

Working Assumption#1
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
· FFS: Definition of PUR configurations and PUR parameters
The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.

Working Assumption#2
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources
Send an LS to RAN2 to include two above working assumptions. Ask whether the first bullet in working assumption #2 is feasible. If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed. (LS is endorsed in eMTC agenda item)

Agreement 
For dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling.



RAN1#97:

	R1-1907573	Feature lead summary of Support for transmission in preconfigured UL resources	Huawei, HiSilicon
R1-1907627	Further topics for transmission in preconfigured UL resources	Huawei, HiSilicon

Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the NPDCCH for at least a time period after a PUR transmission

Agreement
NPDCCH candidates are determined by USS like search space 
· FFS: Other details on the USS like search space 
· Type2-CSS can also be discussed as part of the FFS

Conclusion
CBS PUR is not supported in Rel-16

For further discussion
· Aspects related to notifying eNB of unused PUR resources.
· Potential enhancements of power control mechanisms for PUR. (The baseline is the existing NB-IoT open loop power control.)




RAN1#98:

	R1-1909556	Feature lead summary of Support for transmission in preconfigured UL resources	Futurewei
R1-1909688	Summary of offline discussion on PUR for NB-IoT and eMTC	Futurewei, Sierra Wireless

Agreement
Confirm the Working Assumption#1 in RAN1#96bis
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
· FFS: Definition of PUR configurations and PUR parameters

Agreement
Confirm the Working Assumption#2 in RAN1#96bis
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Agreement
For dedicated PUR in idle mode, the maximum NPDCCH repetitions, X, is included in the PUR configuration and the PUR NPDCCH candidates are derived using legacy USS rules where rmax= X.

Agreement
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
Timing advance adjustment (including TA adjustment of 0)
UE TX power adjustment 
NPUSCH repetition adjustment
Indication of PUR SS monitoring termination
Flag to indicate for L1 ACK
None of the above 
Note: No new indications will be considered.


Agreement
After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.
FFS: Details on time period

Agreement 
Open loop power control is used as power control mechanism for PUR.
· The power for PUR transmission is calculated based on pathloss regardless of the number of repetitions.

Agreement 
For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.

Agreement
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
· FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

Agreement
After data transmission on PUR, the UE may expect an explicit indication on NPDCCH for fallback to EDT or RACH

Working assumption 
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.




RAN1#98bis:

	R1-1910883	Feature lead summary of Support for transmission in preconfigured UL resources	Futurewei
R1-1911382	Further topics in PUR transmission for NB-IoT	Futurewei

R1-1911399	LS on PUR transmission for NB-IoT/eMTC	RAN1

Agreement
The dedicated PUR ACK DCI at least includes the Timing Advance adjustment (including TA adjustment of 0). The TA adjustment field is [6] bits as legacy.

Agreement 
For dedicated PUR in idle mode, the indication to fallback to EDT or RACH is included in the same DCI with PUR L1-ACK
· If the UE receives an indication to fallback to EDT or RACH, the PUR transmission is considered not acknowledged
· FFS: Whether this indication is jointly encoded with PUR L1-ACK
· FFS: Whether to use L1-ACK flag

Agreement
After data transmission on PUR, if nothing is received by the UE in a PUR search space window, the UE shall fallback to legacy RACH/EDT procedure.

Conclusion
No consensus on the introduction of a mechanism to obtain a valid TA and allow the UE transmitting on PUR without transitioning to RRC_CONNECTED mode

Agreement on updating working assumption
The following previous working assumption is revised with modification in RED:
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts in TS 36.211 Table 5.2.2.1.1-2.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals (e.g., symbol-wise phase rotation). 
· FFS: whether any enhancement on top of legacy scrambling is needed
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.




RAN1#99:

	R1-1912632	Feature lead summary of Support for transmission in preconfigured UL resources	Futurewei
R1-1913313	Feature lead summary of preconfigured UL resources	Futurewei

Agreement
The following agreement is revised (in red)
In the dedicated PUR ACK DCI, the TA adjustment field is [6] bits as legacy.
· The TA adjustment field exists only when the dedicated PUR ACK DCI indicates successful decoding of PUR transmission

Agreement
The dedicated PUR ACK DCI at least includes the NPUSCH repetition adjustment (absolute value as per legacy table), and the field is 3 bits.

Agreement (RRC impact)
In the RRC configuration for PUR, include the DL carrier location for receiving a DL response to PUR transmissions.

Agreement
The following previous working assumption is confirmed with modification:
For NB-IoT allocation with 12 tones, for PUR with R>= 64ms:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, following 2 cyclic shifts are supported in TS 36.211 Table 5.2.2.1.1-2.
· The cyclic shifts are {0, 6}*(2pi/12)
· For NPUSCH scrambling, the current c_init is used by using the configured PUR_RNTI. 

R1-1913514	Feature lead summary of Support for transmission in preconfigured UL resources	Futurewei

Agreement
For NB-IoT, I_MCS=14 in format N0 is used to indicate “PUR L1 ACK DCI”

Agreement
A 1-bit field in the PUR L1 ACK DCI indicates the following:
· ACK 
· UE terminates PUR SS Monitoring
· Fall back indication
· Details on fall back operation is left up to RAN2
· UE terminates PUR SS Monitoring
Agreement
If nothing is received by the UE during the PUR search space window after PUR retransmission(s), the UE shall consider the PUR transmission is unsuccessfully received and may fallback to legacy RACH/EDT procedure.

R1-1913489	LS reply on PUR transmission for NB-IoT/eMTC	RAN2
R1-1913505	Feedback on RAN1 agreements on PUR	RAN2



[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. 



RAN1#95:

	R1-1813740	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE
R1-1813757	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

[bookmark: OLE_LINK29]Agreement
For multi-TBs scheduling
· UL: I_sc for each TB is same

Agreement
Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.

Agreement
For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
FFS: Whether scheduling gaps is also supported
FFS: How to schedule repetitions within the consecutive resource allocation

Agreement
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs

Agreement
Maximum UL HARQ process supported is 2.

Agreement
Maximum DL HARQ process supported is 2. 

Agreement 
The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap 



RAN1#96:

	R1-1903257	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement
One DCI can be used to schedule both initial and retransmission of different HARQ processes.

Agreement 
For unicast, when all the TBs are scheduled by one DCI
· MCS, repetition number, resource allocation, are common across all UL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
· MCS, repetition number, resource assignment are common across all DL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation
· FFS: HARQ-ACK resource

Agreement 
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· RAN1 will make decision on the support for the FFS part in RAN1#96bis

Agreement
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

Agreement
For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.

Agreement 
For SC-MTCH, the maximum number of TBs scheduled is 8.

Agreement
For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.

Agreement
For SC-MTCH multiple TBs scheduling, down-select from the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)



RAN1#96bis:

	R1-1905573	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE	

Agreement
1 bit for RV indication in UL transmission is used regardless of the number of TBs
· Common RV indication is mapped to both TBs

Working Assumption
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits 

Conclusion
Relationship 2 is not supported in Rel-16.

Agreement
In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Agreement
For SC-MTCH multiple TBs scheduling, select one from the three options in RAN1#97
1. Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
1. Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
1. Support both a) and b)



RAN1#97:

	R1-1907567	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement
Confirm the working assumption last meeting:
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits 

Agreement
The coding scheme of the three bits (scheduled TB number, HARQ process index, NDI for HARQ operation) is as follows:
	 Codepoint
	Description

	000
	Single TB scheduling, HARQ ID=0, NDI=0

	001
	Single TB scheduling, HARQ ID=0, NDI=1

	010
	Single TB scheduling, HARQ ID=1, NDI=0

	011
	Single TB scheduling, HARQ ID=1, NDI=1

	100
	Multi-TB scheduling, NDI=00

	101
	Multi-TB scheduling, NDI=01

	110
	Multi-TB scheduling, NDI=10

	111
	Multi-TB scheduling, NDI=11


Table 1: Joint coding scheme of scheduled TB number, HARQ process index, NDI for HARQ operation
· Only one additional bit is added in the DCI format to support the above indication of 8 states
Note: How to capture the above agreement is up to the editor

Agreement


In case of non-interleaved transmission, for individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where n is the ending subframe of last scheduled TB and  is down-selected from the following two choices:
· The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)
· [bookmark: OLE_LINK5]New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used

Agreement
HARQ-ACK resource field is common across the HARQ-ACK feedback for all the DL TBs scheduled.
· ACK/NACK subcarriers are the same across all the TBs




RAN1#98:

	R1-1909535	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement 
Legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms

For next meeting

On the issue of new values for  companies are encouraged to submit detailed proposals for decision on whether to support such values in RAN1#98bis

Conclusion
In Rel-16, HARQ multiplexing for multiple TB scheduling is not supported. 
· FFS if HARQ bundling can be optionally supported.

Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling, after receiving NPDCCH with a DL (UL) grant ending in subframe n, and if the corresponding NPDSCH(NPUSCH format 1) transmission starts from n+k, the UE is not required to monitor NPDCCH starting from subframe n+k-2 to subframe n+k-1.
· If two TBs are scheduled by the DCI, the UE is not required to monitor another NPDCCH from subframe n+1 to subframe n+k-1

Agreement
Non-continuous transmission between SC-MTCH TBs is supported
· Details FFS (including UE capability and continuous transmission)

Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling:
· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted
· When multiple TBs are scheduled by the DCI
· The repetitions for one transport block can be either contiguously transmitted or interleaved.
· Interleaving is an eNB configured feature
· FFS: Interleaving feature is a UE optional feature




RAN1#98bis:

	R1-1911353	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE
R1-1911391 	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Working Assumption
For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)

Working Assumption
For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

Agreement
For multicast, for UE processing at receiver, a gap of [FFS] can be inserted every continuous transmission of 2 TBs.
· FFS: Whether/How to enable or disable this gap
· Note: Gap of 0 is not precluded

Agreement
For the downlink, interleaving granularity is N*NSF, where the NSF is the number of subframes of NPDSCH.
· N=4 and for repetition less than 4, interleaving is not supported

Agreement
For the uplink multi-tone case, interleaving granularity is N* NRU *NULslots, where the NRU is the number of RUs, NULslots is the number of slots occupied by 1 RU, and N is fixed value in the specification. 
· When the repetition is less than N, interleaving is not supported. 
· FFS the value of N
· FFS on uplink single tone case.

Agreement

For both interleaved and non-interleaved transmission, for 2TB scheduling, reuse legacy table, no change for .

Agreement
For interleaved transmission, HARQ bundling is supported with configuration



RAN1#99:

	R1-1913279	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement
For the uplink multi-tone case, interleaving granularity is N* NRU *NULslots, where the NRU is the number of RUs, NULslots is the number of slots occupied by 1 RU. 
· When the repetition is less than N, interleaving is not supported.
· N=4

Agreement
For uplink single-tone, the granularity is based on N* NRU *NULslots , with  N =1

Agreement
Confirm the following work assumptions:
Working Assumption
For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
Working Assumption
For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

Agreement
For multi-TB scheduling 
· Reuse the legacy DL gap mechanism which applies to total transmission time of one or two transport blocks of NPDSCH
· There is no new gap threshold for multi-TB scheduling

Agreement
For unicast in connected mode, multi-TB scheduling is only supported for NPDCCH mapped to the UE specific search space given by the C-RNTI.

Agreement
A UE is not expected to receive a DCI scheduling more than one TB with CRC scrambled by SPS-C-RNTI

R1-1913406	Summary on Multiple TB scheduling enhancement for NB-IoT	ZTE

Agreement
For two TB scheduling in uplink from a single DCI, the timing duration constraint, less and equal than 256ms, from the start of NPUSCH format 1 transmission in first HARQ process to the end of NPUSCH format 1 transmission in second HARQ process can be removed
· The uplink compensation gap is applied after 256msc of uplink transmission

Agreement

For interleaving case, the symbol counter  is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the two TBs.
· , where  is the number of scheduled TBs.

Agreement
For multicast, a scheduling gap can be inserted after each TB, where the gap length is configurable between {0, 16, 32, 64, 128} subframes. The configuration is per cell.

Agreement
If RRC configured scheduling gap is zero, for multicast, for UE processing at receiver, 
· If R>=12, no gap is inserted
· R is the number of subframes of each of the NPDSCH
· Otherwise, a 20msec gap is inserted every 2 TBs



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



RAN1#95:

	R1-1813718	Feature lead summary of Coexistence of NB-IoT with NR	Huawei, HiSilicon

Agreement
RAN1 continues to study the following techniques for performance improvements of NB-IoT resource allocation until the next meeting:
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether the resource reservation for NB-IoT is dynamic or semi-static (if supported)
· Whether and how to support NB-IoT transmission in a portion of the subframe
· Impact of resource reservation to legacy UEs
· Whether NB-IoT transmission is postponed or dropped in reserved resources
· Whether resource reservation is used for anchor/non-anchors

Conclusion
Overlap of NR SSB with NB-IoT anchor carrier can be avoided.



RAN1#96:

	R1-1903255	Feature lead summary of Coexistence of NB-IoT with NR	Huawei, HiSilicon

For further study in future meeting (including):
· NB-IoT resource reservation on non-anchor carrier to improve the performance of coexistence of FDD/TDD NB-IoT with NR 
· Subframe-level resource reservation in NB-IoT
· Symbol-level resource reservation in NB-IoT
· Slot-level resource reservation in NB-IoT

For further study in future meeting (including)::
NB-IoT transmission is dropped/postponed in reserved resources.

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



RAN1#96bis:

	R1-1905539	Feature lead summary of Coexistence of NB-IoT with NR	Huawei, HiSilicon
R1-1905586	Updated feature lead summary of coexistence of NB-IoT with NR	Huawei, HiSilicon

For further study until RAN1#97:
· RAN1 continues to study finer-granularity NB-IoT resource reservation until RAN1#97.
· Assume that the NB-IoT resource reservation should accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS.
· The reference case is the existing DL/UL subframe-level NB-IoT resource reservation for TDD NB-IoT. For FDD NB-IoT, the reference case is the existing DL subframe-level NB-IoT resource reservation. 
· Assume that the resource reservation is semi-statically configured. It is FFS whether the eNB can furthermore dynamically override or indicate additional reserved resource via DCI.
· Companies are encouraged to consider the impact on UE complexity for DCI based indication
· Consider whether the time-domain granularity of the NB-IoT valid subframe configuration should be scaled dependent on the NR subcarrier spacing.
· Consider both DL and UL aspects.
· NPDSCH, NPUSCH, NPDCCH
· It is FFS whether and when to drop or postpone NB-IoT transmissions that would fall into NB-IoT reserved resources (if introduced).

Conclusion
RAN1 concludes that overlap between NR SSB and NB-IoT non-anchor carriers can be avoided using the NB-IoT DL valid subframe bitmap.

For further study until RAN1#97:
RAN1 continues to study the aspects of coexistence of NB-IoT and NR using different SCSs.



RAN1#97:

	R1-1907574	Feature lead summary of Coexistence of NB-IoT with NR	Huawei, HiSilicon

Conclusion
Based on the study of aspects of FDD/TDD NB-IoT coexistence with NR, it is RAN1 recommendation to introduce DL/UL resource reservation in NB-IoT for at least FDD/TDD NB-IoT non-anchor carriers to avoid time and frequency domain resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier. 
Resource reservation in FDD/TDD NB-IoT considers the following aspects:
· sub-frame/slot/symbol level granularity 
· dropped/postponed resources associated to a certain granularity 
· semi-static configuration is recommended. FFS: dynamic DCI signaling
· UL valid/invalid subframe configurations for FDD NB-IoT

Agreement
Include above conclusion as part of LS to RAN
The LS is endorsed in R1-1907635




RAN1#98:

	R1-1909557	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei

Agreement
Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers.

Agreement
UL resource reservation for NB-IoT is supported.

Agreement
· FDD UL resource reservation is supported with subframe-level granularity
· FFS: Slot-level, symbol-level
· DL resource reservation is supported with slot-level and symbol(s)-level granularity.

Agreement
The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by higher layer signalling.
· FFS whether the resource in an invalid and/or valid subframe indicated by legacy downlink bitmap can be configured as the reserved resource
· FFS signalling

Agreement
NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.
· NB-IoT transmission is dropped for symbol-level reserved resources.
· NB-IoT transmission is dropped for slot-level reserved resources.
· NB-IoT transmission is postponed for subframe-level reserved resources.




RAN1#98bis:

	R1-1910884	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei
R1-1911383 	Further topics in coexistence of NB-IoT with NR	Futurewei

Agreement
NB-IoT symbols that carry NRS are not reserved

Agreement
For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured

Agreement
For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

Agreement
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.
· FFS: whether the DMRS symbols can be configured as reserved resources

Agreement
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.

Agreement
For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission.




RAN1#99:

	R1-1912633	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei
R1-1913398	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei

Agreement
For unicast, NPUSCH scrambled by C-RNTI and SPS-C-RNTI that would fall into the reserved resource is dropped for symbol and slot-level reserved resources.

Agreement
· For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped. (for 15kHz)
· For symbol-level reservation in UL NB-IoT, DMRS symbols can be reserved

Agreement
Reserved resource configuration is configured by cell-specific higher-layer signalling.

R1-1913545	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei

Agreement
For 10msec periodicity, if only subframe level granularity: a bitmap with length 10 bits is used for indicating reserved subframes
· It is configured per non-anchor carrier, and it can be different from the anchor-carrier
For 10msec periodicity, if finer granularity: a bitmap with length 20 bits, each subframe has 2 bits per subframe
· 00 both slots can be used 
· 01 2nd slot reserved (if a second bitmap is configured, it is for symbol-level granularity)
· The length of the second bitmap is 5 bits for downlink, 7 bits for uplink
· 10 1st slot reserved (if a third bitmap is configured, it is for symbol-level granularity)
· The length of the third bitmap is 5 bits for downlink, 7 bits for uplink
· 11 both slots are reserved


Agreement (RRC impact)
The first bitmap is 20 or 80 bits. eNB can configure periodicity and start position.
· The periodicity T is {10ms, 20ms, 40ms, 80ms, 160ms}
· The start position is in a granularity of 10ms

Agreement 
For unicast transmission, dynamic DCI signalling can be used to indicate whether the resource reservation or continuous transmission applies to the scheduled transmission
· Note: the resource reservation is the Rel-16 resource reservation. 




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

	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



RAN1#95:

	R1-1813719	Feature lead summary of support of quality report in Msg3 for non-anchor access	Huawei, HiSilicon

Agreement
In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.

Agreement
In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:
· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.
· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.



RAN1#96:

	R1-1903256	Feature lead summary of Support of Quality report in Msg3 for non-anchor access	Huawei, HiSilicon

For further study in future meetings:
For channel quality report in Msg3 on non-anchor access, RAN1 identified the following scenarios in which UE may monitor a carrier that is different from the carrier in which the UE receives Msg2 (i.e. RAR):
· Idle mode
· Non-EDT random access procedure 
· EDT procedure
· Connected mode
· NPDCCH ordered NPRACH procedure
· Random access procedure to apply for UL-SCH resource

Agreement
For the measurement on carrier(s) other than the one UE is receiving RAR for non-anchor access, if supported, RAN1 to select one or more among the following candidates:
· Paging carrier
· Anchor carrier
· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode
· Other carriers configured by network with implicit or explicit signaling

The following issues are identified for RAN1 further study
· Whether amount of time or gap is needed for the measurement
· Which carrier(s) UE reported if more than one carrier is measured
· What kind of NRS UE can use for the measurement and whether needs indication

Agreement
In case of 2 bits are used for a non-anchor carrier, one of 3 candidate values can be reported in Msg3
· Which depends on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

For further study in future meetings:
If supported, RAN1 further discuss how to derive the candidate values reported in Msg3 if no NPDCCH Type2 CSS on the carrier.



RAN1#96bis:

	R1-1905540	Feature lead summary of quality report in Msg3 and connected mode	Huawei, HiSilicon
R1-1905587	Updated Feature lead summary of Support of Quality report in Msg3 for non-anchor access and connected mode	Huawei, HiSilicon

Agreement 
For channel quality report in connected mode, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%.

Agreement 
For channel quality report in connected mode other than Msg3, UE performs measurement on the carrier it is assigned to monitor in USS for NPDCCH and the associated NPDSCH.
· FFS other carrier(s)

Agreement
For channel quality report in Msg3 for non-anchor access, RAN1 send LS to RAN2 requesting the following information: 
· Number(s) of available bits for the quality reporting in Msg3
· Whether the quality report in Msg3 is transmitted in RRC or MAC CE
Send LS to RAN2 and CC RAN4. Ask, from RAN2, perspective, whether the above might be different for different cases

R1-1905592	[DRAFT] Draft LS on channel quality report in Msg3 for NB-IoT and LTE-M	Huawei, HiSilicon
The LS is endorsed in R1-1905593

Agreement
For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is no larger than 2.
· FFS detail of the maximum number (1 or 2)

Agreement
eNB can enable/disable channel quality report in Msg3 for non-anchor access via SIB
· FFS details
· FFS whether the field in Rel-14 for anchor access is reused 



RAN1#97:

	R1-1907575	Feature lead summary of support of quality report in Msg3 and connected mode	Huawei, HiSilicon
R1-1907633	Further topics for quality report in Msg3 and connected mode	Huawei, HiSilicon

Agreement
For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is 1.

Agreement
For channel quality report in Msg3 on non-anchor access in idle mode, channel quality measurement on the carrier UE monitors to receive Msg2 (i.e. RAR) is supported.
· FFS: Support of network indication of which carrier to use to report Msg3 (e.g. explicit signaling in SI)

Agreement
For channel quality report in connected mode other than Msg3, RAN1 assumes the following aspects are decided by RAN2 and RAN4.
· number of candidate values for channel quality reports
· mapping value of reported channel quality
· report in RRC message or MAC CE
LS to RAN2 and RAN4 to convey this agreement is endorsed in R1-1907624.

For further discussion
For channel quality report in connected mode other than Msg3, RAN1 further discuss whether physical layer triggering mechanism is needed.

For further discussion
RAN1 further discuss the followings for channel quality report in Msg3 on non-anchor access in connected mode
· The support of channel quality report in Msg3 in connected mode
· If supported, which carrier can be measured for the channel quality report in Msg3
· RAR carrier
· unicast carrier
· If supported, how to trigger the report in Msg3




RAN1#98:

	R1-1909588	Feature lead summary for support of quality report in Msg3 and connected mode	Huawei, HiSilicon

Conclusion
For channel quality report in Msg3 on non-anchor access in idle mode, RAN1 does not further discuss any other carrier than the one UE monitors to receive Msg2 (i.e. RAR) in Rel-16.

For next RAN1 meeting
On the issue of supporting channel quality report in Msg3 on non-anchor access in connected mode for Rel-16, companies are encouraged to consider whether to support this feature considering recent RAN2 decision, details on triggering mechanism, the measurement carrier, etc

Conclusion
No consensus on the support of physical layer triggering for channel quality report in connected mode (other than Msg3) in Rel-16.




RAN1#98bis:

	R1-1911362	Feature lead summary for support of quality report in Msg3 and connected mode	Huawei, HiSilicon

Conclusion
On the support of channel quality report in Msg3 on non-anchor access in connected mode, RAN1 does not further discuss in Rel-16.




[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.



RAN1#95:

	R1-1813716	Presence of NRS on a non-anchor for paging (feature lead summary)   Qualcomm

Agreement
RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:
· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination
· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 
· Alt4: NRS is always associated with NPDCCH for paging

Agreement
In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:
· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space
· FFS value(s) of N, M

Agreement 
The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.




RAN1#96:

	R1-1903251	Presence of NRS on a non-anchor for paging (feature lead summary)	Qualcomm Incorporated
R1-1903515	Presence of NRS on a non-anchor for paging (feature lead summary)	Qualcomm Incorporated

Agreement
For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:
· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination
· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 
· Alt4: NRS is always associated with NPDCCH for paging

For further study in future meetings:
RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.

Agreement
The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:
· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.
· FFS: the case for eDRX
· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.
· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.
NOTE: It was already agreed in previous meetings that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
Further study details of decimation pattern until RAN1#96bis.




RAN1#96bis:

	R1-1905531	Presence of NRS on a non-anchor carrier for paging (feature lead summary)	Qualcomm

Conclusion
There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16.

[bookmark: _Hlk5805297]Agreement
The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB
· FFS: defaultPagingCycle-r13/T
· Note: The paging frame and the number of UE groups can be derived from T and nB

Agreement
For the NRS pattern: Define detailed pattern of (M,N) depending on the value of nB:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.
where X is a fixed value which will be determined in RAN1#97.




RAN1#97:

	R1-1907571	Presence of NRS on a non-anchor carrier for paging (feature lead summary)	Qualcomm

For further discussion
Companies are encouraged to provide detailed decimation patterns to RAN1#98

Agreement
With regards to the RAN1#96bis agreement:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.
It is agreed that the value of X is T/2.

Agreement
For nB < X, the value of M+N is 10
· FFS: Whether the values of M and N are configurable

Agreement
For nB>=X, the decimation/N/M pattern guarantees that there are [10] subframes with NRS nearby every PO (after decimation pattern, and from network perspective)

Agreement
For the decimation pattern for nB>=X, RAN1 to decide for each nB value:
· M/N
· Decimation pattern
· FFS: Offset (if used)





RAN1#98:

	R1-1909395	Presence of NRS on a non-anchor carrier for paging (feature lead summary)	Qualcomm Incorporated
R1-1909789	Presence of NRS on a non-anchor carrier for paging (feature lead summary)	Qualcomm Incorporated

Agreement
· For nB<T/2, M=10, N=0

Agreement
The decimation factor (fraction of POs that have NRS) is:
· T/2: Decimation factor of 1/2
· T: Decimation factor of 1/2
· 2T: Decimation factor of 1/2
· 4T: Decimation factor of 1/2

[bookmark: _Hlk17981027]For discussion in RAN1#98bis
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+(X div T)) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N + i_s) mod T
· X = SFN + 1024 * H-SFN
· T is the DRX cycle measured in radio frames.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS: How to capture the above in the specification

Conclusion
Presence of CRS in non-anchor carriers in subframes not containing NRS is not supported in Rel-16. Assumption of presence of CRS is the same as in Rel-15 
· (from 36.211) The cell-specific reference signals are available in all subframes where the narrowband reference signals are available.




RAN1#98bis:

	R1-1911341	Presence of NRS on a non-anchor for paging (feature lead summary)	Qualcomm Incorporated

Agreement
The values of M/N for nB>=T/2 are
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	5
	0

	T/2
	10
	0




Agreement
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS remaining details of offset until RAN1#99, including:
· Whether and how to take into account the introduction of UE-specific DRX cycle in the decimation equation.
· RAN2 to capture the above in TS 36.304 (up to RAN2 how to capture it).




RAN1#99:

	R1-1913249	Presence of NRS on a non-anchor for paging (feature lead summary) Qualcomm Inc.

Agreement
The following existing agreement is revised in red
R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2, where T is cell-specific DRX cycle.
[bookmark: _GoBack]Where SFN is the SFN corresponding to the PO.
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