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1. Introduction
One of Rel-16 WI [1] for further enhancement to NB-IoT is to specify further improvements for UL transmission efficiency and/or energy consumption with following as the scope.

· 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 made for this objective in RAN1 and RAN2 up to and including RAN1#97, can be found in references [2] and [3].

From RAN1#98 we have the additional agreements:

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.

In this contribution we further discuss the support for the design of the L1 ACK DCI and the Working assumption for CFS PUR.
2. Discussion
ACK DCI Design

In this sub-section we discuss the format of the DCI used for the L1 ACK, given RAN1#98 agreement below.
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.

Before discussing the specific DCI fields to support PUR L1 ACK and NACK, we first need to define the functions that these PUR DCIs need to support. Given previous agreements, we can say that the D-PUR DCI should at least support:

· An explicit ACK that reuses existing field(s) of DCI format N0 
· An UL GRANT for HARQ retransmission 

· A NACK providing an explicit indication on NPDCCH to fallback to EDT or RACH
Whilst there is an agreement clearly confirming that DCI format N0 is to be used as the basis for the ACK, there is no similar agreement to state that the same basic N0 format is also used for the HARQ UL Grant and the explicit NACK.   Using one sized DCI to perform these three distinct D-PUR tasks should simplify UE processing, but will require some field/reserved bit setting, to differentiate between the tasks.
The 1-bit NDI field of DCI format N0 can be used to differentiate the D-PUR DCI from being an ACK from a NACK with retransmission grant, or simple NACK with fallback.
Proposal 1:
The D-PUR L1 ACK supports a “Flag to indicate L1 ACK”.       

1 bit
Given the RAN1#98 agreement to support explicit NACK with fallback indication, and a desire to simplify the processing for the UE, it is proposed that DCI format N0 is also used as the basis of the “explicit NACK with fallback indication”.  Using this same format, will however require some method for the UE to differentiate the NACK with HARQ UL Grant and the NACK with fallback request.  
Proposal 2:
A reserved bit pattern is used to differentiate the “L1 NACK with UL Grant” from the “L1 NACK with explicit fallback”.

We support the eNB being able to adjust next initial D-PUR “NPUSCH repetition” using the N0 format-based D-PUR L1 ACK.  This could be achieved by re-assigning the 3-bit “Repetition number” field.
Proposal 3:
The D-PUR L1 ACK supports “PUSCH repetition adjustment”. 

3 bits
Given the relatively simple and coarse nature of open loop power control for NPUSCH, primarily governed by the cell specific and slot specific PCMAX,c(i) parameter, we currently do not see any value of a “UE Tx power adjustment” field within the L1 ACK DC.
Proposal 4:
The D-PUR L1 ACK does not support “UE TX power adjustment”.

Currently the TA is sent using 6 bits in the MAC header for the RAR (an additional 2 bits is available to differentiate primary and secondary carriers in later releases).  Since the DCI format being proposed here for ACK and NACK is based on the format N-0, there is no TA field in the current MAC header for this DCI.  To avoid having to potentially redesign the MAC header for these DCIs, it is proposed that bits for TA adjustment are included within format N-0 DCI fields that are no longer relevant for D-PUR ACK, e.g. the 6 buts of the subcarrier indication field.
Proposal 5:

   The D-PUR L1 ACK does support a timing advance adjustment value.           6 bits

An open issue from the RAN1#98 meeting (see agreements below), is whether the PUR ACK DCI should include some indication to the UE to continue monitoring the PUR search space.
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
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis

· ..
· Indication of PUR SS monitoring termination

· ..
We support using the L1 ACK DCI to indicate to UE whether to continue, or cease, monitoring the PUR search space, for the following reasons:

· To receive a higher layer response to UL data that the UE delivered using the PUR transmission.

· To support PUR reconfiguration based on the accumulated experience of the eNB of the complete PUR transmission L1 ACK process including potential HARQ retransmissions. 

To account for the time, it may take higher layers to respond and to give the eNB some scheduling flexibility to handle ongoing traffic, we support a configurable scheduling delay.

Proposal 6:
 The D-PUR L1 ACK supports an “Indicator to terminate of SS monitoring ” with a configurable “scheduling delay”.


FFS:  If the scheduling delay is signalled within the DCI or preconfigured.

Given our interpretation of the RAN2 agreements below, if RAN1 does agree to the support the above proposal, RAN1 should seek clarification from RAN2 as to whether their agreements below, still hold true or need to be revised.  

RAN2#106 agreement:
· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.

RAN2#107 agreement:
· RAN2 confirm the intention of the previous agreement as follows: 

· If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle.

Proposal 7:
 RAN1 kindly requests RAN2 to review if support of a L1 “Indicator to terminate of SS   monitoring”  is acceptable. 
The proposal below, summarises the fields that we currently consider the D-PUR L1-ACK should support:
Proposal 8:
   The D-PUR L1 ACK supports the following fields:
· Timing advance adjustment (including TA adjustment of 0)

6 bits
· PUSCH repetition adjustment





3 bit
· Flag to indicate L1 ACK





1 bit
· Indication of PUR SS monitoring termination



1 bit
CFS PUR
We support the confirmation of the Working Assumption from RAN1#98, that effectively introduces CFS PUR for his release.  Of the two starting repetition values  for this functionality, we prefer the lower value of 64.
Proposal 9:
The RAN1#98 working assumption for the introduction of CFS PUR is agreed with the lower repetition level of 64.
3. Conclusion

In this contribution we have further discussed the support for UL transmissions using preconfigured resources and have the following proposals and observation.

Proposal 1:
The D-PUR L1 ACK supports a “Flag to indicate L1 ACK”.       

1 bit

Proposal 2:
A reserved bit pattern is used to differentiate the “L1 NACK with UL Grant” from the “L1 NACK with explicit fallback”.

Proposal 3:
The D-PUR L1 ACK supports “PUSCH repetition adjustment”. 

3 bits

Proposal 4:
The D-PUR L1 ACK does not support “UE TX power adjustment”.

Proposal 5:
The D-PUR L1 ACK does support a timing advance adjustment value.           6 bits

Proposal 6:
 The D-PUR L1 ACK supports an “Indicator to terminate of SS monitoring ” with a configurable “scheduling delay”.


FFS:  If the scheduling delay is signalled within the DCI or preconfigured.

Proposal 7:
 RAN1 kindly requests RAN2 to review if support of a L1 “Indicator to terminate of SS   monitoring”  is acceptable. 
Proposal 8:
   The D-PUR L1 ACK supports the following fields:

· Timing advance adjustment (including TA adjustment of 0)

6 bits

· PUSCH repetition adjustment





3 bit

· Flag to indicate L1 ACK





1 bit
· Indication of PUR SS monitoring termination



1 bit
Proposal 9:
The RAN1#98 working assumption for the introduction of CFS PUR is agreed with the lower repetition level of 64.
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