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[bookmark: _Ref124589705][bookmark: _Ref129681862]WID objective
At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to specify support for UL transmission in preconfigured resources.
	[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



This contribution summarizes views and proposals from different companies [2]-[12].
Summary of discussion points
Idle and/or connected mode 
It is described in the objective that UL transmission in preconfigured resource is supported in idle and/or connected mode. It is up to the working groups to decide on whether both idle mode and connected mode are supported or only one RRC state is supported for UL transmission in preconfigured resource. In RAN1#94, proponents show views on this topic, which are summarized below.
Summary of Input
[bookmark: _Ref522372043]Table 1 Summary of inputs on support for transmission in preconfigured UL resources in idle and/or connected mode
	Source
	View summary
	Related proposals or observations

	Huawei, HiSilicon
	Prioritize idle mode
	Observation 1: Considering many NB-IoT UEs stay in idle mode for much of the time and send small UL data packet periodically or sporadically, UL transmission in preconfigured resources would be used more often in idle mode.
Proposal 1: UL transmission in preconfigured resources in idle mode can be prioritized.

	Ericsson
	Support both idle mode and connected mode
	Observation 4: In Rel-15, Early Data Transmission (EDT) was introduced for improving the battery life and obtaining latency reductions. In Rel-16, EDT might be considered to be enhanced by for example further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2).
Proposal 3: Consider enhancing Early Data Transmission (EDT) by considering further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2).
Observation 5: In Rel-15, UL SPS for BS report was introduced for NB-IoT. In Rel-16, SPS can be extended to more general cases to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”.
Proposal 4: Extend the support of SPS to more general cases in Rel-16 to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”.

	Qualcomm Incorporated
	Prioritize idle mode
	Observation: The expected gain from using pre-configured UL resources for idle mode is higher than that for connected mode.
Proposal 3: Prioritize the design of pre-configured UL resources for idle mode (over connected mode).
Proposal 5: If pre-configured UL resources are supported for connected mode, consider a trigger based enable/disable approach.

	Samsung
	Support both idle mode and connected mode
	Proposal #1: For Rel-16 NB-IOT, UL SPS in RRC-connected mode should be extended to data transmission from periodic BSR.
Proposal #2: For Rel-16 NB-IOT, transmission in preconfigured UL resources in RRC-idle mode should be specified.

	LG Electronics
	Support idle mode;
Benefit unclear for connected mode;
	Observation 1: If the transmission in preconfigured UL resources can work without the random access procedure, it can save more battery power than EDT, and can reduce the downlink/uplink resource overhead.
Observation 2: Benefits of introducing UL only SPS operation in connected mode is unclear in either use case perspective or UE battery saving perspective.

	Intel Corporation
	At least connected mode is supported
	Proposal 1: 
· For support of UL transmissions in preconfigured resources, at least transmissions from the UE when in RRC connected mode should be supported. 
· RAN1 to focus on a mechanism such that the UE in RRC connected mode may transmit on resources based on configuration via dedicated RRC signaling, without requiring further activation via Layer1 signaling.
Proposal 5: 
An RRC connected UE may be configured with a set of preconfigured resources that can be used for NPUSCH transmission upon transitioning to RRC_Idle mode.
The eNB may configure a timer that is activated upon release to RRC_Idle mode, and the UE may transmit in the preconfigured transmission opportunities until expiry of the timer.

	Nokia, Nokia Shanghai Bell
	Prioritize idle mode
	Proposal 2: UL preconfigured transmissions in idle mode are prioritised.

	Sierra Wireless, S.A.
	Prioritize idle mode
May not need in connected mode
	Observation: Pre-configured UL transmissions (PUT) in Connected Mode may not be needed depending on Idle Mode PUT support.

	NTT DOCOMO, INC.
	Application of PUSCH transmission with configured grant that is supported in Rel-15 NR should be considered
	Proposal 1: RAN1 should discuss further on which solution should be included in Rel.15 work. 
•At least leftover from Rel.15 such as enhancements for EDT in connected mode should be discussed
•RAN1 discuss in next meeting on any other UL transmission scheme, e.g. EDT in idle mode or other grant-free transmission scheme
Proposal 2: Application of PUSCH transmission with configured grant that is supported in Rel-15 NR should be considered for NB-IoT

	MediaTek 
	Prioritize idle mode
	In this contribution, we discussed optimization of early data transmission for idle UEs using preconfigured UL resources.



Possible agreements
The inputs on the topic show that companies at present are focusing mainly on IDLE mode, with less discussions on CONNECTED mode. Based on this, the following potential proposal is suggested to be agreed.
Potential proposal#1: Transmission in preconfigured UL resources in idle mode is prioritized in the WI.

Valid TA required for preconfigured UL resources
It is stated in the WID that the transmission in preconfigured resources is supported for UEs with a valid timing advance. In this meeting, proponents also provide views on how to verify a valid TA on UE especially for idle mode UE. The inputs are summarized in Table 2.
Summary of Input
[bookmark: _Ref522373012]Table 2 Summary of inputs on valid TA 
	Source
	Related proposals or observations

	Huawei, HiSilicon
	Proposal 4: DL synchronization is assumed before UL transmission in preconfigured resources.
Observation 2: According to the current specifications, upon leaving connected mode, the UE will release TA value and TA timer.
Proposal 5: RAN1 asks RAN2 to enable idle mode UE storing TA value.
Observation 3: If the TA valid condition only depends on the TA timer, the cases of an invalid TA with unexpired timer and a valid TA with expired timer will arise considering the UE mobility situation.
Proposal 6: How to judge the stored TA is “valid TA” or not needs further investigation considering the UE mobility situation.

	Ericsson
	Observation 1: The WID’s objective states “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”. Hence, it is necessary to analyze first, when, for how long, and under which conditions/scenarios a given timing advance can be considered to be valid.
Observation 2: In Rel-16, RAN1 could consider analyzing whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Moreover, RAN1 could also consider finding a way of determining if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode in such a way that it could initiate transmission of user data. Moreover, maintaining a valid TA becomes relevant to UEs configured with long eDRX cycles.
Proposal 1: Investigate whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Including finding a way of determining if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode.

	Qualcomm Incorporated
	Proposal 4: Study techniques that allow an idle mode UE to verify whether its TA is still valid.

	Samsung
	Observation #4: For a stationary NB-IOT UE, it is feasible to use the TA acquired in RRC-connected mode for transmission in preconfigured UL resources in RRC-idle mode.
Observation #5: For a non-stationary NB-IOT UE, TA needs to be reacquired before transmission in preconfigured UL resources in RRC-idle mode.
Proposal #6: Further study whether to support non-stationary NB-IOT UEs for transmission in preconfigured UL resources in RRC-idle mode.

	ZTE
	Observation 1: The performance of preconfigured transmission depends on maintenance of valid timing advance.
Observation 2: Various factors will influence the value of timing advance, including UE velocity, multipath delay between UE and eNB, and UE chipset crystal oscillator drifting.
Observation 3：For UE in RRC_CONNECTED mode, multiple mechanisms exist for timing advance update and maintenance already.
Proposal 1: Further study is needed for the valid timing advance requirement for preconfigured UL transmission.

	LG Electronics
	Proposal 1: Following aspects need to be discussed for the transmission in preconfigured UL resources in idle mode in Rel-16 NB-IoT
· How to configure the configured uplink grant for idle mode
· How to release the configured uplink resource for idle mode
· Whether and how to support (de)activation/reconfiguration of configured uplink resource for idle mode
· Whether and how to support HARQ retransmission for the configured uplink resource
· How to guarantee/determine the validity of current timing advance
· What the eNB or UE should do if current timing advance is considered not to be valid

	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN2 to consider a new timeAlignementTimerCommon parameter specific to devices using UL preconfigured resources.

	Sierra Wireless, S.A.
	Proposal: Send LS to RAN4 asking them to define a TA validation mechanism, the TA error limit, and any conditions when the TA validation mechanism can be used.



Possible agreements
It is a basic principle in Rel-13, Rel-14 and Rel-15 that the UE shall firstly do the DL synchronization before any uplink PUSCH transmission. Therefore, it is suggested also to agree the following proposal to follow the same principle in UL preconfigured transmission:
Potential proposal#2: DL synchronization is assumed before UL transmission in preconfigured resources.

It is a common view that it is needed to define mechanisms to verify the validity of TA in idle mode. Thus it is proposed 
Potential proposal#3: Investigate mechanisms to verify the validity of TA in idle mode.

For further discussion: details on how to establish a valid TA in idle mode.
Companies proposed to investigate if mechanisms already existent for connected mode can be reused in idle mode, to use the TA value in connected mode for stationary UEs after they transition to idle mode, and store the TA value of a UE in connected mode. Currently UE releases TA value and timer when leaving connected mode. As a starting point the following proposal can be considered. How this initial TA value in idle mode is used and related mechanism to adjust it, including the timer, are FFS. If agreed, RAN1 should send an LS to RAN2 requesting to enable storing the TA value.
Potential proposal#4: For transmission in preconfigured UL resources, it is assumed that the TA of a UE transitioning from connected to idle mode is stored.
Potential proposal#5: Send LS to RAN2.

Dedicated resources and/or shared resources are used for transmission in preconfigured UL resources
In the WID, it is stated that for UL transmission in preconfigured resource, both shared resources and dedicated resources can be discussed. Companies’ views are summarized below.
Summary of Input
Table 3 Summary on whether dedicated resource or shared resource is used as preconfigured resource for UL transmission
	Source
	View summary
	Related proposals or observations

	Huawei, HiSilicon
	Support dedicated resources, neutral on shared resource
	Proposal 10: If multiple users are allowed to transmit on the same time-frequency resources simultaneously, it needs to be considered how the eNB can decode each UE data correctly.

	Ericsson
	Capacity improvements should not be the only factor when introducing any new “orthogonal (multi) access scheme” for NB-IoT in FDD
	Observation 3: The medium to high complexity associated to the introduction of the “orthogonal (multi) access schemes” that have been discussed in release 15 eMTC studies, i.e., MU-MIMO, CDMA, may not necessarily provide the expected benefits when it comes to capacity due to practical constraints, especially in an NB-IoT system. Moreover, NB-IoT can already support a single tone allocation today, hence it is questionable whether a multiple access scheme should be introduced for the sole purpose of increasing the capacity.
Proposal 2: In Rel-16, capacity improvements should not be the only factor when introducing any new “orthogonal (multi) access scheme” for NB-IoT in FDD, as the quantifiable benefits should be justified when considering practical deployment scenarios with acceptable implementation complexity.

	Qualcomm Incorporated
	Support both dedicated resources and shared resources
	Proposal 1: Study the design of dedicated pre-configured UL resources for UEs that have periodic data to transmit.
Proposal 2: Study the design of shared, pre-configured collision-based UL resources for all UEs to proactively transmit data.
Proposal 6: Support varying levels of number of repetitions, bandwidth, periodicity and admissible simultaneous transmissions for pre-configured UL resources with varying levels of desired coverage.
Proposal 7: Support UL MU-MIMO in shared pre-configured UL resource for data. Study the number of transmitting UEs that can be detected with an MU-MIMO receiver at the eNB under different SNR regimes.
Proposal 8: Design pre-configured DMRS resources to support at least as many orthogonal DMRSs as the number of detectable UEs with UL MU-MIMO in the shared data resources linked to the DMRS resources.

	Samsung
	Prefer dedicated resources rather than shared resources
	Observation #1: It’s difficult to evaluate the gain of using shared resource for transmission in preconfigured UL resources with orthogonal multi-access schemes.
Proposal #4: For Rel-16 NB-IOT, transmission in preconfigured UL resources in RRC-idle mode should be based on dedicated resources rather than shared resources.

	ZTE
	Prioritize dedicated resources
	Proposal 5：For preconfigured transmission, dedicated resource based transmission shall be prioritized.

	MediaTek Inc.
	Consider dedicated resources as a baseline, shared resources are FFS
	Proposal 3: Preconfigured NPUSCH resources for early transmission of data are dedicated to special type of fixed UEs that transmit at regular times or within some periodicity is baseline.  
Observation 2: Special type of fixed devices configured with dedicated NPUSCH resources for early data transmission that need to transmit outside fixed configured times may fallback to legacy early data transmission based on NPRACH.
Proposal 4: Study of preconfigured NPUSCH resources for early transmission of data shared by special type of fixed UEs that transmit at irregular times is FFS.  
Observation 3: Special type of fixed devices configured with shared NPUSCH resources for early data transmission that experience too many collision may fallback to legacy early data transmission based on NPRACH.

	Nokia, Nokia Shanghai Bell
	Support dedicated resources
	Proposal 3: UL preconfigured transmissions are restricted to a dedicated resource region defined by either: 
· Option 1:  A narrowband, length and periodicity. 
· Option 2:  A valid subframe bitmap.

	Sierra Wireless, S.A.
	Supporting shared resources increases complexity
	Proposal: MUD should not be mandated and specification work to support MUD shall be considered lower priority in this WI.
Observation: Supporting shared PUR will increase specification, UE, eNB and application complexity.


Possible agreements
There is interest for shared and/or dedicated resources. At present it is suggested to agree the following:
Potential proposal#6: Study both shared and dedicated resource for preconfigured UL resources. 

How to configure the UL transmission in preconfigured resource, especially for idle mode UE
Related signaling for the preconfigured resources needs to be discussed. Table 4 summarizes the input on how to configure the preconfigured resource, the used TBS/MCS, etc. 
Summary of Input 
[bookmark: _Ref522377452]Table 4 Summary of input on how to configure the related configurations
	Source
	View summary
	Related proposals or observations

	Huawei, HiSilicon
	Both SI based and UE-specific RRC signaling can be considered
	Proposal 2: Both cell-specific and UE-specific configurations of UL transmission in preconfigured resources in idle mode can be considered.
Proposal 3: Task RAN2 to enable UE-specific configurations of UL transmission in preconfigured resources in idle mode.

	LG Electronics
	Baseline: RRC signaling to a UE during RRC_Connected state
	Proposal 1: Following aspects need to be discussed for the transmission in preconfigured UL resources in idle mode in Rel-16 NB-IoT
· How to configure the configured uplink grant for idle mode
· How to release the configured uplink resource for idle mode
· Whether and how to support (de)activation/reconfiguration of configured uplink resource for idle mode

(Extracted from the paper) “Therefore, it can be considered as a baseline behavior that preconfigured resources for idle mode is configured via RRC signaling to a UE during RRC_Connected state.” 

	Intel Corporation
	UE-specific RRC signaling in connected mode is used for configuring UL transmission in preconfigured resources used in idle mode
	Proposal 5: 
· An RRC connected UE may be configured with a set of preconfigured resources that can be used for NPUSCH transmission upon transitioning to RRC_Idle mode.
· The eNB may configure a timer that is activated upon release to RRC_Idle mode, and the UE may transmit in the preconfigured transmission opportunities until expiry of the timer.



Possible agreements
Proponents think the UE-specific signaling can be used in connected mode to configure UL transmission in preconfigured resources when the UE is in IDLE mode. 

Potential proposal#7: The following alternatives can be considered for configuration of UL transmission in preconfigured resources
· Alt 1: UE-specific RRC signaling
· Alt 2: System Information based signaling
· Alt.3: Combination of Alt.1 and Alt.2

Potential proposal#8: 
RAN1 assumes it is feasible to configure a UE in connected mode with preconfigured UL resources to be used after the UE transitions to idle mode.
· Ask RAN2 to confirm the feasibility and how to support the UE-specific signaling.

HARQ related issues and fallback mechanism
Summary of Input
Table 5 Summary of input on HARQ and fallback mechanisms
	Source
	View summary
	Related proposals or observations

	Huawei, HiSilicon
	Study HARQ retransmission
	Proposal 9: HARQ procedures of UL transmission in preconfigured resources need to investigate.

	Qualcomm Incorporated
	Study HARQ retransmission and fallback mechanism
	Proposal 11: Study mechanisms and procedures for retransmissions and fallback to PRACH/EDT, the determination of which may depend upon an eNB response message tied to the DMRS sequence used by a UE.
Proposal 12: Study possible additional information conveyed by the aforementioned eNB response message—for example, timing advance refinements and power control updates.
Proposal 13: In case of eNB response initiated fallback to PRACH/EDT, consider skipping the initial steps (for example, skipping transmitting a legacy PRACH preamble) of the fallback mode whenever possible.

	ZTE
	Further study HARQ retransmission
Further study the fallback mechanism for IDLE mode
	Proposal 2: For RRC_IDLE mode, further study is needed for the back-off mechanism of the preconfigured UL transmission.
Proposal 4: For preconfigured UL transmission, mechanism such as HARQ for retransmission, resource release etc need to be further studied.

	LG Electronics
	Further study HARQ retransmission
	Proposal 1: Following aspects need to be discussed for the transmission in preconfigured UL resources in idle mode in Rel-16 NB-IoT
· Whether and how to support HARQ retransmission for the configured uplink resource

	Intel Corporation
	Support HARQ retransmission for UL transmission in preconfigured resource
	Proposal 6: 
· After transmission of NPUSCH in Idle mode using preconfigured resources, the UE should monitor Type 2-NPDCCH CSS (for random access related monitoring) for potential reTx grant or switching indication to connected mode.
· If the UE does not detect a valid NPDCCH for a configured time duration, it may continue to remain in RRC_Idle mode without further monitoring of NPDCCH. 
Proposal 7: A single HARQ process is supported for transmissions in RRC_Idle mode.
	

	MediaTek Inc.
	Study the fallback mechanism
	Proposal 5: Study of fallback mechanisms to legacy EDT procedure is FFS.

	Nokia, Nokia Shanghai Bell
	Support HARQ retransmission for UL transmission in preconfigured resource
	Proposal 7: DCI for informing resource for retransmission (HARQ ACK/NACK) for the initial uplink transmission over pre-configured grant is sent using new RNTI over NPDCCH. 
Proposal 8: RAN2 to consider contention resolution via DCI for uplink transmission over preconfigured resources.
Proposal 9 : 
· TBS selection at UE can reuse the TBS selection mechanism of EDT transmission. 
· DCI carrying NACK can also include the detected TBS size to improve the energy efficiency and resource utilization for retransmission associated with this feature.

	Sierra Wireless, S.A.
	Support HARQ, pending conditions for transmission on preconfigured UL resources
	Observation: Whether the UE is mandated or not to transmit on its pre-configured UL resource (PUR) greatly affects the HARQ re-transmission process.



Possible agreements
Based on the input it is proposed to agree that the support for HARQ retransmission should be studied.

Potential proposal#9: HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· Number of HARQ processes; 
· Fallback mechanisms, e.g. fallback to legacy RACH/EDT procedures.

UE activity detection
Summary of Input
Table 6 Proposals on UE activity detection
	Source
	Related proposals or observations

	Huawei, HiSilicon
	Proposal 8: UE activity detection and eNB blind decoding should be considered in terms of eNB complexity and power consumption, and the impacts of false alarm and missed detection.

	Nokia, Nokia Shanghai Bell
	Proposal 5: The option of a “pre-grant” notification DCI set by the UE ahead of its grant free transmission be studied.



Companies propose to consider UE activity detection mechanisms to facilitate the eNB detection on UL transmission in the preconfigured resource. For example, if UE informs eNB that there would be uplink transmission in the preconfigured resource, blind detection at eNB can be reduced. Further study on this topic can be considered.
Potential proposal#10: Further study UE activity detection mechanism to facilitate eNB detection on UL transmission in preconfigured resources.

Other 
Table 7 summarizes other proposals related to various issues, e.g. resource allocation, configuration, simulation assumptions, etc. More online discussion is needed on these proposals. 
Table 7 Other proposals on transmission on preconfigured UL resources
	Source
	Related proposals or observations

	Huawei, HiSilicon
	Proposal 7: The impact on eNB scheduling due to preconfigured UL resources shall be considered.

	Qualcomm Incorporated
	Proposal 9: Agree on the properties and parameters pertaining to the pre-configured UL resources for data transmission as outlined in Table 1.
Proposal 10: Agree on the simulation parameters to guide further study and evaluation, as outlined in Table 2.

	Sierra Wireless, S.A.
	Proposal: Decide early in the pre-configured UL transmission (PUT) design whether the UE is mandated to always transmit on a pre-configured UL resource (PUR) or not

	Samsung
	Proposal #3: Further study whether to introduce an ultra-long periodicity at the level of minutes/hours for transmission in preconfigured UL resources in RRC-idle mode.
Observation #2: Resource activation triggered/requested by UEs in RRC-idle mode can improve the efficiency of resource utilization.
Observation #3: If preconfigured UL resource is reserved with a ultra-long periodicity at the level of minutes/hours, resource activation/deactivation may be unnecessary.
Proposal #5: Further study whether to support resource activation triggered/requested by UE in RRC-idle mode for transmission in preconfigured UL resources.

	ZTE
	Proposal 3: Resource allocation for preconfigured UL transmission should take UE traffic type/service category into consideration.

	Intel Corporation
	Proposal 2: A single resource configuration for NPUSCH transmissions in RRC connected mode is supported in Rel-16 NB-IoT.
Proposal 3: The resource configuration includes at least the following information for NPUSCH transmissions
· Time domain resources including periodicity 
· Frequency domain resources
· TBS/MCS
Proposal 4: The UE may skip transmission during certain transmission opportunities if it does not have UL-SCH data to transmit from UE higher layers.
	

	MediaTek Inc.
	Proposal 1: Re-use the EDT configuration for transmission of data using preconfigured UL resources– i.e. max TBS, UL TBS table for early data transmission.
Proposal 2: Skip EDT NPRACH preamble transmission and corresponding RAR for transmission of data using preconfigured UL resources.

	Nokia, Nokia Shanghai Bell
	Proposal 4: The network is able to configure multiple resource regions for UL preconfigured transmissions. 
FFS:  If a UE is allocated a specific resource region implicitly or explicitly
Proposal 6: Dynamic control of Preconfigured resource for uplink should be supported to allow flexible resource allocation.
Proposal 9 : 
· TBS selection at UE can reuse the TBS selection mechanism of EDT transmission. 
DCI carrying NACK can also include the detected TBS size to improve the energy efficiency and resource utilization for retransmission associated with this feature.

	Sierra Wireless, S.A.
	Proposal: Pre-configured UL transmissions (PUT) in idle mode should support a wide range of periodicities up to at least 1 day where the eNB may autonomously apply a time offset for load balancing purposes. 
Proposal: The UE can request any valid TBS and the eNB assigns the MCS/repeats. An efficient mechanism to update the MCS/repeats should be supported. 
Proposal: A UE may request more than one periodic pre-configured UL resource (PUR) configuration.
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