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Introduction
In RANP#80, New WID on Rel-16 NB-IoT enhancements for LTE for 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

In RAN1#98, the following agreements were made on the above objective:

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.

PUR-Specific Contents of PUR L1 ACK DCI
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.
Timing Advance Adjustment

If the eNB can detect small timing advance errors, the PUR DCI should have a TA update field to enable the UE to correct for the TA mismatch, without needing to perform NPDSCH decoding to read a MAC-CE. In facilitating this TA update via DCI, however, the following two considerations must be kept in mind:
1. Preventing fallacious accumulation of TA update: The TA update process should not have memory. In other words, if (e.g., due to eNB missing a PUR-NPUSCH transmission) the eNB sends multiple successive DCIs with the same grant, the UE should not add the TA from all these DCIs at every step. 
2. Relaxed NPDCCH-to-NPUSCH timeline requirements: Since the UE typically has a long time to apply a legacy TA command it receives via MAC-CE (), the usual  subframe gap (for HD-FDD) for NPDCCH-to-NPUSCH may not be enough for the UE to apply the TA correction within that time. As a result, when there is a non-zero TA update that the UE is expected to apply, the UE may be allowed to transmit NPUSCH on a relaxed timeline, to allow enough time for the application of the TA update.

In the light of the above discussion, we make the following proposals:
Proposal 1: Introduce a timing advance adjustment field in the PUR L1 ACK DCI.
Proposal 2: For potentially successive DCIs associated with the same PUR retransmission grant, the UE shall assume that the updated TA for retransmission is determined by adding the TA adjustment in the DCI only once to the TA of the initial PUR transmission.
Proposal 3: For a non-zero TA adjustment in the DCI associated with PUR transmission, consider a relaxed NPDCCH-to-NPUSCH timeline with respect to legacy. FFS relaxed value.
UE TX power adjustment:
Proposal 4: Support UE TX power adjustment via PUR DCI. FFS Details.
NPUSCH Repetition Adjustment
We propose to have DCI signalling for repetition adjustments for initial PUR transmission as follows: since the UE is already configured with a certain number of NPUSCH repetitions, it is our view that any “adjustment” should be related to this parameter at least. In that light, in the initial PUR configuration, the UE should be RRC configured with a set of repetitions in the set , where  depends on the initial number of PUR repetitions configured—. The DCI will then have a field to indicate one of these possibilities to update the number of NPUSCH repetitions for the next PUR occasion. This is similar in spirit to how repetitions are configured for connected mode operation of BL/CE UEs—RRC configures the , and depending on that, the DCI signals an index pointing to the possibilities indexed per .  It is important to note that the design of the set  mentioned here should have at least one entry equal to —the original number of repetitions configured for PUR. However, unlike the philosophy of , the set  may also have values greater than , to cover for the possibility that the coverage of the UE may have deteriorated.
Proposal 5: For every initial PUR configuration with  repetitions, configure a repetition adjustment set  via RRC signalling for different values of , where  is always an element of the set . Indicate via DCI, the adjusted repetition number for PUR, using an indication of  bits. FFS .
Note that an alternative with memory (e.g. 2-bit indication for “moving up” or “moving down” the current repetition level) may create issues of lack of sync between eNB and UE (if eNB and UE lose sync one time, they will never regain it due to lack of memory). The proposal above solves these issues by the definition of the set .
Flag to indicate L1 vs L2/L3 ACK: 

This flag should be set to 1 if there is L2/L3 ACK information, and the remaining of the DCI will schedule the NPDSCH. If this flag is 0, the UE shall interpret that there is no L2/L3 ACK and hence it is not required to monitor NPDSCH. This will help with UE power savings in cases where an “L1-only” acknowledgement is enough (including the use of the TA and power control updates in the PUR DCI), while also retaining the option to have the UE read higher layer responses in the NPDSCH if it is required.
Proposal 6: Include a 1-bit flag in the DCI associated with PUR transmission which indicates to the UE the presence or absence of a higher layer acknowledgement from the eNB.

[bookmark: _Hlk21115317]Configurations for PUR PUSCH Format 2
In some cases, the eNB will reply to a PUR transmission with a NPDSCH (e.g. RRC Configuration or other L2/L3 message). In this case, there is need for the UE to provide HARQ-ACK feedback. Thus, the PUSCH Format 2 for transmitting this feedback needs to be configured and known to the UE.
In keeping with our views on frequency hopping configurations and repetition number configurations for channels associated with PUR, it is our preference to have UE-specific configuration for PUSCH Format 2 resources (for example, number of repetitions, subcarrier to be used) associated with PUR.
Proposal 7: Configuration of PUSCH Format 2 associated with PUR is dedicated for a UE, and the dedicated indication is part of the initial PUR configuration. FFS details of dedicated configuration, for example indication of number of repetitions, subcarrier to be used, etc. 

CFS PUR
In our companion paper for eMTC [1], we provide simulation results that support the use of up to 8 cyclic shifts at number of repetitions >= 64. Based on that, we make the following proposal:
Proposal 8: Confirm the following working assumption: 
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, 8 cyclic shifts.

Summary of Proposals
Proposal 1: Introduce a timing advance adjustment field in the PUR L1 ACK DCI.
Proposal 2: For potentially successive DCIs associated with the same PUR retransmission grant, the UE shall assume that the updated TA for retransmission is determined by adding the TA adjustment in the DCI only once to the TA of the initial PUR transmission.
Proposal 3: For a non-zero TA adjustment in the DCI associated with PUR transmission, consider a relaxed NPDCCH-to-NPUSCH timeline with respect to legacy. FFS relaxed value.
Proposal 4: Support UE TX power adjustment via PUR DCI. FFS Details.
Proposal 5: For every initial PUR configuration with  repetitions, configure a repetition adjustment set  via RRC signalling for different values of , where  is always an element of the set . Indicate via DCI, the adjusted repetition number for PUR, using an indication of  bits. FFS .
Proposal 6: Include a 1-bit flag in the DCI associated with PUR transmission which indicates to the UE the presence or absence of a higher layer acknowledgement from the eNB.
Proposal 7: Configuration of PUSCH Format 2 associated with PUR is dedicated for a UE, and the dedicated indication is part of the initial PUR configuration. FFS details of dedicated configuration, for example indication of number of repetitions, subcarrier to be used, etc. 
[bookmark: _GoBack]Proposal 8: Confirm the following working assumption: 
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, 8 cyclic shifts.
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