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Introduction
In 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 RAN1#96bis the following agreements were made regarding support for transmission in preconfigured UL resources in NB-IoT deployments [2]:
	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 behaviours 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.



In this contribution, we present our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments. 

[bookmark: _Ref528838497]General View on Dedicated and Shared PURs in IDLE and CONNECTED Modes
An idea of general framework of PUR configuration for UL transmission presented in this section. The resource configuration framework is sufficiently generic to enable both shared and dedicated configurations with commonality in design of all PUR types, as it was agreed in RAN1#94. Accordingly, it is assumed that the PUR(s) can be dedicated or shared by UEs in CONNECTED or IDLE mode. A dedicated PUR is considered as a special case of shared PUR depending on the configuration provided by the eNB. In other words, the eNB manages to allocate PURs exclusively for a particular UE via dedicated RRC signaling. In this regard, shared PURs are the resources preconfigured to multiple UEs via dedicated RRC signaling or System Information. After receiving PUR configuration(s) via higher layer signaling, the UE may transmit NPUSCH without requiring any further Layer1 triggering.
Proposal 1:
· Support the general framework of PUR configuration for shared or dedicated UL transmission of the UEs in CONNECTED or IDLE mode.

Views on Shared PURs 
Although it was agreed to support the dedicated PUR for UEs in IDLE mode, the support of both shared (CFS and CBS) PUR types is still FFS. At the same time, it would be relatively easy to enable support of CFS PUR as the contention resolution step is not needed for this PUR type. Taking into account the main application scenario of CFS PUR, i.e., UL MU-MIMO, it seems sufficient to provide UE with a unique Demodulation Reference Signal (DMRS) and scrambling ID in the dedicated CFS PUR configuration(s).
On the other hand, the support of CBS PUR still needs more study. Especially, in the light of previous agreement to support a fallback mechanism to RACH/EDT. First, RAN1 needs to identify what benefits CBS PUR can bring on top of dedicated/CFS PUR combined with the RACH/EDT fallback.
Proposal 2:
· CFS PUR is supported.
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In addition to UL MU-MIMO, CDMA or OCC based multiplexing option was considered as a means of improving multiple access. Partially, it was reflected in the definition of NPUSCH resource for shared PURs which is at least a time-frequency resource. A discussion on CDMA appeared previously and repeats again here. This contradicts the WID as it clearly says to limit the scope to ‘orthogonal (multi) access schemes’ only, i.e., no CDMA. Additionally, RAN1 has already defined the support of sub-PRB transmission as an effective UL capacity enhancement which can be combined together with the PUR concept.
However, introducing an orthogonal DMRS for enabling UL MIMO operation may be cumbersome for sub-PRB case with no obvious gain. Therefore, it’s proposed to support orthogonal DMRS for full PRB transmission only.
Proposal 3:
· Support orthogonal DMRS for UL MIMO in scenarios with full PRB transmission.

Configuration Considerations
A PUR 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. Although, a single resource configuration for UE may be sufficient for NB-IoT systems considering relatively less diverse traffic and QoS demands, configuration of multiple PURs can also be beneficial in the context of CBS PUR (if agreed). It may provide better interference management within each PUR as well as aid in eNB blind decoding efforts. Thus, from the perspective of specifications, supporting multiple PUR configurations, even for a given coverage level, should be considered.
Observation 1:
· Considering the possible support of CBS PUR and the eNB receiver complexity, as well as possibility to support different traffic requirements/characteristics, the ability to configure multiple PURs in the cell can be beneficial.

HARQ Considerations
The UE may continue to remain in RRC_IDLE mode if it does not detect a valid NPDCCH during a configured time interval after transmission of the NPUSCH in PUR. Beyond this interval, the HARQ process is considered unsuccessful, and UE can choose to retry UL transmission within the same PUR if it is still valid. Therefore, the explicit NACK signalling seems to be unnecessary.
Proposal 4:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.

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 observations and proposals:
Observation 1:
· Considering the possible support of CBS PUR and the eNB receiver complexity, as well as possibility to support different traffic requirements/characteristics, the ability to configure multiple PURs in the cell can be beneficial.

Proposal 1:
· Support the general framework of PUR configuration for shared or dedicated UL transmission of the UEs in CONNECTED or IDLE mode.

Proposal 2:
· CFS PUR is supported.

Proposal 3:
· Support orthogonal DMRS for UL MIMO in scenarios with full PRB transmission.

Proposal 4:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.
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