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Introduction
At RAN #80 meeting, a new work item (WI) on Rel-16 NB-IoT enhancements was approved [1]. One objective of the WI is to improve UL transmission efficiency and/or UE power consumption for NB-IoT:
· 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
In this contribution, we present our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments. 
[bookmark: _Ref521588416]Configuration and basic mechanism
[bookmark: _GoBack]For transmission in the UL using preconfigured resources, both of the following approaches may be considered in NB-IoT deployments:
1. UL transmissions using resources that are simply configured via higher layers without requiring any further activation/release mechanism. This can be very similar to Type 1 Configured Grant (CG) PUSCH, introduced in Rel-15 NR. 
2. UL transmissions using resources that are configured via higher layers and subsequently activated via DCI and may also be released via DCI. This can be very similar to Type 2 Configured Grant (CG) PUSCH, introduced in Rel-15 NR. 
Considering the critical nature of DL resource availability in NB-IoT systems, the first approach can be seen as beneficial not only from UE power consumption perspective, but also in minimizing the impact to DL OH by avoiding further use of activation/release indications using DCIs carried by NPDCCH.
It is observed that the WID indicates consideration of UL transmissions in such preconfigured resources in Idle and/or Connected modes, with assumption of UE having valid UL TA information. In this regard, clearly the case of transmissions in RRC_Connected mode is the more straightforward option, and hence, should naturally be 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.

Operation in RRC connected mode
In connected mode, the UE can be configured with one or multiple resource configurations using UE-specific RRC signaling. 
Accordingly, once being configured, the UE may transmit NPUSCH following the resource configuration without requiring any further Layer1 triggering. 
The resource configuration can be primarily based on the identified coverage condition of the UE as well as based on any traffic requirements/characteristics as observed at the network scheduler. For most cases, a single resource configuration for UE may be sufficient for NB-IoT systems considering relatively less diverse traffic and QoS demands.
Proposal 2:
· A single resource configuration for NPUSCH transmissions in RRC connected mode is supported in Rel-16 NB-IoT.

In terms of resource configuration itself, at least the following aspects should be considered:
· Time domain resources 
· Number of repetitions
· The repetitions may occur in consecutive NB-IoT slots/subframes
· Resource Unit (RU) sizes (can be determined based on freq-domain allocation) in case of sub-PRB NPUSCH
· Periodicity of resources, configured using HFN, SFN, subframe, and slot indices. 
· Here, periodicity indicates the starting subframe for a possible NPUSCH transmissions with a number of repetitions
· Freq domain resources
· Choice of UL carrier (in case of NB-IoT deployments with MCO)
· Sub-PRB/PRB level allocations within the indicated UL carrier
· TBS/MCS

Scrambling, RV cycling, and DMRS parameters can follow similar behavior as for dynamically scheduled NPUSCH. 
Proposal 3:
· The resource configuration includes at least the following information for NPUSCH transmissions
· Time domain resources including periodicity 
· Frequency domain resources
· TBS/MCS

Further, it would be beneficial in terms of enabling power-efficient operation as well as generate less interference in the network if the UE does not need to transmit a “dummy NPUSCH” even if it does not have any data in its transmit buffer from the UE higher layers.
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.

Considering typical traffic demands in NB-IoT systems, a single HARQ process should be sufficient for NPUSCH on preconfigured resources. Thus, depending on UE capability, a total of 2 or 3 UL HARQ processes may be supported by a UE supporting UL transmissions in preconfigured resources.
Further, for a given HARQ process, in case the eNB fails to successfully decode the NPUSCH transmitted in the preconfigured resources, the UE may be switched to dynamically-scheduled NPUSCH via indication of a retransmission for the corresponding HARQ process. 
Operation in RRC Idle mode
As outlined in the WID, the feasibility of transmissions in preconfigured resources when the UE is in RRC_IDLE mode needs to be considered as well. Further, it should be assumed that the UE has a valid TA. Towards this, the first natural consideration is the establishment of the validity of the UL TA.
In practical systems, for low-to-no-mobility UEs, it can be feasible for the network to identify such UEs. Accordingly, the UE, when in connected mode, may be configured with at least one resource configuration that can it may use to transmit PUSCH even upon release to RRC_Idle mode. Additionally, the eNB may also configure a timer such that the UE starts upon switch to RRC_Idle mode, and may consider itself eligible for transmissions in the preconfigured resources until expiry of the timer. 
As compared to such a scheme, wherein the UE transmits using the latest UL TA value, assuming it to be valid, another option could be to allow the UE to transmit in the preconfigured resources as described above, but using DL reference time, i.e., TA = 0. Depending on particular deployment (cell size), UE distribution, etc., in some cases, it may be more predictable for the eNB receiver to adjust its FFT window if the UE may transmit using DL reference time than using an out-dated UL TA value.
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.

Upon transmission of NPUSCH from Idle mode using preconfigured resources, the UE should monitor for NPDCCH in the Type 2 CSS (for random access related monitoring) to monitor for possible retransmission grant or an NPDCCH scheduling a Msg4-equivalent that could be followed by (or combined with) an RRC connection setup message. This allows the eNB to transition the UE back to connected mode efficiently in case further traffic may be expected. Again, a single HARQ process should be sufficient for transmission in RRC_Idle mode for NB-IoT UEs.
Otherwise, the UE may continue to remain in RRC_Idle mode if it does not detect a valid NPDCCH during a configured time period after transmission of the PUSCH in preconfigured resources. 
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.
Conclusion
In this contribution, we presented our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments. Based on the discussions, we make the following proposals:
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 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.
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.
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.
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