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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is the update from R1-1902149.
In the RAN#80 plenary meeting, a new work item for Rel.16 NBIoT is approved. One of the objectives is to specify the uplink transmission based on preconfigured resource for NBIoT UEs.
Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk518637711][bookmark: _Hlk516687799][bookmark: _Hlk516765211]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 the last RAN1 meeting, the following agreements are achieved for the design of uplink transmission based on preconfigured resource for UE power saving:
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 configuration.
· 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

In this contribution, detailed considerations of transmissions in pre-configured UL resources, especially TA issues and HARQ related issue based on dedicated PUR in IDLE mode for Rel.16 NBIoT are presented.

Discussion
Dedicated PUR Issues
HARQ 
In the RAN1 #95 meeting, it was agreed that if multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and a single HARQ process. However, the detail of the scheduling multiple TBs in Rel.16 is not finalized at this stage, especially the HARQ, DCI design, which is even another story for transmission in IDLE mode. So we propose to move supporting multiple HARQ process number with multi-TB grant on PUR transmission to later release.
Proposal 1: For uplink transmission based dedicated PUR, only single TB and single HARQ process are supported in Rel.16.

When UE is being assigned with PUR resource, e.g., time/frequency resource, it is also necessary to  assign a dedicate RNTI for UE to monitor HARQ feedback. After uplink transmission based PUR, UE start to monitor the (N)PDCCH with the dedicate RNTI to expect an explicit ACK upon successful decoding by eNB or explicit NACK/an UL GRANT for retransmission upon unsuccessful decoding by eNB. 
Proposal 2: After transmission based PUR, UE start to monitor the (N)PDCCH with the dedicate RNTI expecting an explicit ACK upon successful decoding by eNB or an explicit NACK/an UL retransmission GRANT upon unsuccessful decoding by eNB.

In response to the ACK, the UE could continue new transmission in the next PUR resource. In response to NACK (e.g., explicit NACK, or the UL retransmission GRANT), the UE could retransmit in the configured new grant resource or wait till the next PUR transmission to send a retransmission.
Proposal 3: In response to NACK, the UE could then retransmit in configured new grant resource or wait till the next PUR transmission.

PUR Search Space
For connected mode UEs, UE-specific NPDCCH can be used for monitoring HARQ feedback after uplink transmission. However, for idle mode UE, there are at least two types of search space, and the necessity of introduce new UE-specific search space for dedicated PUR is widely discussed for the search space for PUR.  
Solution 1:  Modified common search space
Considering the eNB resource efficiency and UE power saving, in IDLE mode, it is natural to use NPDCCH common search space as starting point, e.g., NPDCCH type 1 common search space for paging and type 2 NPDCCH common search space for RAR as shown in Figure 1. Due to the similarity of uplink transmission based PUR and RACH procedure, it is preferable to use type 2 common search space as baseline. In order to further reduce blind detection for different UE (e.g., UE with different coverage/potential repetitions), dedicated (reduced) search space based type 2 common search space can be newly designed for different UEs.
[image: ]
Figure 1: Type 2 common search space for RAR

Solution 2: New UE-specific search space
Considering the scheduling flexibility and HARQ feedback delay, it is better to specify new UE-specific search space for UE to monitor after uplink transmission based on dedicated PUR. The new search space can be periodic with a time offset to the start of the PUR activation, and each PUR resource period include one or more PUR search space as shown in Figure 2.
[image: ]
Figure 2: UE-specific search for PUR

Proposal 4: Considering the scheduling flexibility and HARQ feedback delay, it is preferable to specify new UE-specific search space for UE to monitor after uplink transmission based on dedicated PUR.

Fallback 
For transmission in PUR, fallback mechanism to RACH/EDT procedure was agreed in the last meeting, but the details is still FFS. The fallback mechanism can be categorized to two cases.  Firstly, the fallback to RACH/EDT is triggered by UE and no new signalling is required. For example, TA validation failure; transmission in PUR unsuccessfully decoded, e.g., ACK is not received during a preconfigured window or count to a preconfigured number.  In this case, UE can transmit preamble in the next RACH occasion if fallback decision made.
Secondly, the fallback to RACH/EDT is triggered by eNB and an indication signalling needs to be introduced, e.g., multiple PUR transmission failure, system load balance requirement, PUR resource unavailable, etc. Fallback indicator can be sent via dedicated RRC signalling when eNB finds UE’s condition is no longer applicable for PUR.
Proposal 5: Fallback to RACH/EDT can be triggered by eNB or UE for different cases.
Configuration
According to the definitions agreed for PUR in RAN1 #94bis, dedicated PUR is defined as PUSCH resource used by a single UE. For periodic resource configuration, the resource can be configured as periodic starting subframe and resource duration for each resource occasion as shown in Figure 3. For the periodic starting subframe of resource occasion, resource configuration of LTE SPS and NR type 1 configured grant uplink transmission can be the starting point as shown in Figure 4. For aperiodic resource configuration, multiple PUR resources can be configured with different periods to one particular UE.
The resource occasion number of PUR can be configured as a predefined value, the predefined value can be 1 to deal with traffic model of one shot uplink transmission and can also be zeros or infinite to indicate the PUR resource is always valid or reserved for UE.

Proposal 6:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.


Figure 3 Periodic PUR resource configuration illustration

[image: ]
Figure 4 LTE SPS resource configuration illustration

Release PUR
Similar to LTE SPS release mechanism, it is agreed that release of the dedicated preconfigured resources are supported, details for NW triggered and UE triggered are FFS in RAN2#104.  There are several potential PUR release mechanisms: 1) PUR resource released right after the transmission until to preconfigured number. 2) Implicit PUR release mechanism after consecutive multiple missed transmissions to avoid the waste of allocated PUR. 3) eNB trigger re-configuration/release of PUR configured to a UE by dedicated RRC. 4) UE request PUR resource release via RACH/EDT procedure or on-going transmission based on PUR, which causes large UE power and should be studied further.
Proposal 7: PUR resource is released by 1) transmission until to the preconfigured number; 2) consecutive multiple missed transmissions.
Proposal 8: eNB may trigger re-configuration/release of PUR configured to a UE by dedicated RRC and UE request PUR resource release via RACH/EDT procedure or on-going transmission based on PUR should be studied further.
Shared PUR Issues
In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”, while the “Support for CFS PUR” and the “Support for CBS PUR” remained FFS.
For CFS PUR, multiple UEs share the same configured time-frequency resource with orthogonal multiple access, e.g., MU-MIMO and CDM. For MU-MIMO, it can be transparently to configured multiple UE same time-frequency resource with UE-specific DMRS via dedicated PUR. Therefore, CFS PUR using MU-MIMO with UE specific DMRS pattern can be supported without any specification work.
For CBS PUR, contention based PUR is required to ensure the reliability of uplink transmission and solve collision problems. Furthermore, CBS PUR may cause more specification effort, waste more UE power consumption, and even bring more challenges for eNB receiver, so we propose that CBS PUR is not supported in Rel.16 NBIoT.
Proposal 9: CFS PUR using MU-MIMO with UE specific DMRS pattern can be supported without any specification work.
Proposal 10: CBS PUR is not supported in Rel.16 NBIoT.

Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
[bookmark: _GoBack]Proposal 1: For uplink transmission based dedicated PUR, only single TB and single HARQ process are supported in Rel.16.
Proposal 2: After transmission based PUR, UE start to monitor the (N)PDCCH with the dedicate RNTI expecting an explicit ACK upon successful decoding by eNB or an explicit NACK/an UL retransmission GRANT upon unsuccessful decoding by eNB.
Proposal 3: In response to NACK, the UE could then retransmit in configured new grant resource or wait till the next PUR transmission.
Proposal 4: Considering the scheduling flexibility and HARQ feedback delay, it is preferable to specify new UE-specific search space for UE to monitor after uplink transmission based on dedicated PUR.
Proposal 5: Fallback to RACH/EDT can be triggered by eNB or UE for different cases.
Proposal 6:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.
Proposal 7: PUR resource is released by 1) transmission until to the preconfigured number; 2) consecutive multiple missed transmissions.
Proposal 8: eNB may trigger re-configuration/release of PUR configured to a UE by dedicated RRC and UE request PUR resource release via RACH/EDT procedure or on-going transmission based on PUR should be studied further.
Proposal 9: CFS PUR using MU-MIMO with UE specific DMRS pattern can be supported without any specification work.
Proposal 10: CBS PUR is not supported in Rel.16 NBIoT.
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