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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the Rel-16 WI on additional enhancements for NB-IoT [1] 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


Agreements on transmission on UL preconfigured resources in RAN1#96bis – 98bis are listed below. All Rel-16 RAN1 agreements are collected in [2]. 
RAN1#96bis
	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 behaviors 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.


RAN1#97
	Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the NPDCCH for at least a time period after a PUR transmission

Agreement
NPDCCH candidates are determined by USS like search space 
· FFS: Other details on the USS like search space 
· Type2-CSS can also be discussed as part of the FFS

Conclusion
CBS PUR is not supported in Rel-16

For further discussion
· Aspects related to notifying eNB of unused PUR resources.
· Potential enhancements of power control mechanisms for PUR. (The baseline is the existing NB-IoT open loop power control.)


RAN1#98
	Agreement
Confirm the Working Assumption#1 in RAN1#96bis
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

Agreement
Confirm the Working Assumption#2 in RAN1#96bis
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

Agreement
For dedicated PUR in idle mode, the maximum NPDCCH repetitions, X, is included in the PUR configuration and the PUR NPDCCH candidates are derived using legacy USS rules where rmax= X.

Agreement
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
Timing advance adjustment (including TA adjustment of 0)
UE TX power adjustment 
NPUSCH repetition adjustment
Indication of PUR SS monitoring termination
Flag to indicate for L1 ACK
None of the above 
Note: No new indications will be considered.

Agreement
After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.
FFS: Details on time period

Agreement 
Open loop power control is used as power control mechanism for PUR.
· The power for PUR transmission is calculated based on pathloss regardless of the number of repetitions.

Agreement 
For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.

Agreement
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
· FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

Agreement
After data transmission on PUR, the UE may expect an explicit indication on NPDCCH for fallback to EDT or RACH

Working assumption 
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.
· 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. 
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.


RAN1#98bis:
	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.


This contribution summarizes views and proposals in RAN1#99 [3]-[15].

L1 ACK DCI

To distinguish between “dedicated PUR ACK DCI” and “legacy UL grant DCI”
Companies have strong concerns for increasing the DCI size by 1-bit because it has huge impact on legacy DCI format N0 (UL grant) and N1 (DL grant). Hence to distinguish between “dedicated PUR ACK DCI” and “legacy UL grant DCI” an existing field should be considered. Clearly two states are needed.

1. Alt1 (“MCS”): using the reserved states of “Modulation and coding scheme (MCS)” field
0. For multi-tone NPUSCH transmissions, there is 1 unused MCS state “1110” (15 out of 16 are used). 
0. Solution of Alt1: use Imcs=14 to indicate the new DCI, and use an extra 1 bit field to indicate the legacy DCI. 
0. “1 reserved state + 1 bit field”
1. Alt2 (“Subcarrier indication”): using the reserved states of “Subcarrier indication” field
1. There are 16/45 reserve states of “Subcarrier indication” field as follows
0. For 3.75 kHz:  are reserved. (16 reserve states in total)
0. For 15 kHz:  are reserved. (45 reserve states in total)
1. Solution of Alt2: use 2 reserve states of “Subcarrier indication” field to indicate the following
1. Isc=48: to indicate the new DCI 
1. Isc=49: to indicate the legacy DCI
1. “2 reserve states” 


Potential Agreement #1
In DCI format N0 is used to distinguish between “legacy UL grant DCI” and “dedicated PUR ACK DCI”, the reserved states of “Subcarrier indication” field in DCI format N0 is used to distinguish between “legacy UL grant DCI” and “dedicated PUR ACK DCI”:
1. I_sc=48: this is dedicated PUR ACK DCI, and L1 ACK is indicated
1. I_sc=49: this is dedicated PUR ACK DCI, and Fall back indication is indicated
The value of 1 indicates the dedicated PUR ACK DCI.


Indications of “ACK” and “fall back” in the “dedicated PUR ACK DCI”
Based on the agreements so far, there are two indications:
1. Indication_1: the PUR transmission is successful, the PUR procedure is concluded, and the UE terminates the PUR SS monitoring
2. Indication_2: the PUR transmission is unsuccessful and the UE falls-back to EDT or RACH

Potential Agreement #2
A field of 1 bit in the “dedicated PUR ACK DCI” is used to indicate either Indication_1or Indication_2. The value of 1 indicates Indication_1.
Skipping PUR transmission


Possible Agreement
In a PUR allocation, the UE may send a MAC CE indicating all padding bits where the padding bits are set to zero and this will not be considered as a skipped transmission by the UE or eNB. The number of repeats to send the padding bits is included in the PUR configuration and can be 100%, 50% 25%, or 12.5% of repetitions but is always at least 1 repetition.



The motivation for the following proposal is to provide a mechanism to enable network originated PUR reconfiguration/release. This is important from a network vendor’s point of view to avoid wasting UL resources.
If the UE always skips UL transmissions and does not monitor the NPDCCH, then the eNB cannot send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications to the UE efficiently and timely. Note that the eNB cannot use paging procedure to reach the UE since IMSI/S-TMSI is not maintained by the eNB.
This proposal provides a mechanism to enable network originated PUR reconfiguration/release, and is a tradeoff between the reachability and UE power consumption.

Potential Agreement #4:
 The UE monitors the PUR SS after every Nth PUR occasion irrespective of whether or not the UE skips the associated PUR occasion, where N is included in the PUR configuration.


PUR SS overlaps in time domain

Potential Agreement# 5: 
The network configures whether the UE is expected to monitor the PUR SS or the Paging SS in case there is overlap of the Paging SS and PUR SS. 

CFS PUR

Possible 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 repetitions or ms:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, following 8 cyclic shifts are supportedin TS 36.211 Table 5.2.2.1.1-2.
· The cyclic shifts are {0,2,4,8,10,[1],[3],[5]}*(2pi/12)
· 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.

