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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is the update from R1-1910151.
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
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.

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 previous 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, a new PUR-RNTI is assigned to UE in PUR configuration. After uplink transmission based PUR, UE start to monitor the (N)PDCCH with PUR-RNTI as agreed in previous meeting.
In response to “ACK”, UE would stop NPDCCH monitoring and go directly to idle mode or continue NPDCCH monitoring after a non-zero gap, which is widely discussed last meeting. Some companies propose to continue NPDCCH monitoring after a non-zero gap to receive other DCI scheduling downlink data, e.g., higher-layer feedback messages. However, NPDCCH monitoring may be quite power consuming if the proportion (how often) of PUR transmissions that have an application layer response after a PUR transmission is low or uncertain. It is more straightforward and reasonable that UE would stop NPDCCH monitoring and go directly to idle mode, and force UE to connected mode if further downlink data for higher layer feedback message is required.  
Along with “ACK” indication in corresponding DCI, the following PUR reconfiguration/parameters can be included:
· Timing advance adjustment 
To avoid misunderstanding between eNB and UE, the timing advance adjustment is based on the TA of the initial PUR transmission instead of accumulation timing advance adjustment. 
· UE TX power adjustment  
There is no/little affect on misunderstanding for power adjustment between eNB and UE, so the power adjustment can be based on the previous power of PUR transmission with accumulation power adjustment, which is similar as LTE closed loop power control.
· PUSCH repetition adjustment
The PUR configuration includes an initial repetition number index (Irep) and a maximal repetition number (Rmax), e.g., Rmax is configured to be 256, the repetition number set can be derived as {4,8,16,32,64,128,192,256}, the initial repetition number index further indicate the repetition number for NPUSCH based on PUR is Irep=4 (Nrep=64) from the repetition number set. The NPUSCH repetition adjustment should be the repetition number index offset to the initial repetition number index, e.g., positive/negative one or two index offset to (Irep)   from the repetition number set.
Proposal 2: In response to “ACK”, UE would stop NPDCCH monitoring and go directly to idle mode.
Proposal 3: The timing advance adjustment is based on TA of initial PUR transmission instead of accumulation timing advance adjustment.
Proposal 4: The power adjustment is based on the previous power of  PUR transmission with accumulation power adjustment.
Proposal 5: The NPUSCH repetition adjustment should be the repetition number index offset to the initial repetition number index.
In response to “NACK”, the behaviour of UE is determined by eNB scheduling. If NPUSCH transmission based on PUR is not successfully decoded by eNB, UE would retransmit in new configured grant resource or retransmit in next PUR transmission. However in some cases, when the uplink load is heavy and eNB can’t allocate enough UL resource to each PUR UE for PUR retransmission, UE should fallback to legacy RACH/EDT with eNB scheduling. The detail UE behaviour depends on PUR DCI further indication. 
For flag to indicate L1-ACK, the NDI field of the PUR DCI can be used to differentiate between the L1 ACK and NACK. For the further indication of “NACK”, PUR DCI indicates retransmission in next PUR transmission, or directly fallback to legacy RACH/EDT by using the unused states of some field of DCI or some fields’ combination.
Proposal 6: For flag to indicate L1-ACK, the NDI field of PUR DCI is used to differentiate between L1 PUR ACK and NACK
Proposal 7: In response to “NACK”, UE behaviour depends on the PUR DCI indication.
PUR Search Space
For the PUR search space, it is agreed that for dedicated PUR in idle mode for NBIoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. In order to avoid the NPDCCH monitoring for the uncertain early termination of uplink transmission, it may be wasteful to support additional search space for data early termination (e.g., search space during or before the PUR transmission)
Proposal 8:  No additional search space is configured for data early termination (e.g., search space during or before the PUR transmission).
PUR Resource Configuration
Dedicated PUR is defined as NPUSCH 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 2. 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 3. 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 9:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.


Figure 2 Periodic PUR resource configuration illustration

[image: ]
Figure 3 LTE SPS resource configuration illustration
Shared PUR Issues
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. 
In order to support the CFS PUR, additional parameters should be included in PUR configuration. 
1) DMRS configuration. The number of supported UE-specific cyclic shift is determined by the interference level and channel condition, it is better to leave more flexibility to eNB to configure the supported number, e.g., 2 or 4.
2) In order to randomize the interference, the scrambling codes for PUR uplink transmission are initialized by individual UEs. The scrambling code can be further initialized by the index of cyclic shift, which are UE specific configured.
Proposal 10: For CFS PUR, the number of supported UE-specific cyclic shift is configured by eNB.
Proposal 11: The scrambling code can be further initialized by the index of cyclic shift.
Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: For uplink transmission based dedicated PUR, only single TB and single HARQ process are supported in Rel.16.
Proposal 2: In response to “ACK”, UE would stop NPDCCH monitoring and go directly to idle mode.
Proposal 3: The timing advance adjustment is based on TA of initial PUR transmission instead of accumulation timing advance adjustment.
Proposal 4: The power adjustment is based on the previous power of  PUR transmission with accumulation power adjustment.
Proposal 5: The NPUSCH repetition adjustment should be the repetition number index offset to the initial repetition number index.
Proposal 6: For flag to indicate L1-ACK, the NDI field of PUR DCI is used to differentiate between L1 PUR ACK and NACK
Proposal 7: In response to “NACK”, UE behaviour depends on the PUR DCI indication.
Proposal 8:  No additional search space is configured for data early termination (e.g., search space during or before the PUR transmission).
Proposal 9:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.
Proposal 10: For CFS PUR, the number of supported UE-specific cyclic shift is configured by eNB.
Proposal 11: The scrambling code can be further initialized by the index of cyclic shift.
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