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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, can be found in references [2] and [3]

In this contribution we further discuss the support for UL transmissions using preconfigured resources.

2. Discussion
DCI Design Considerations

Before exploring how the existing DCI fields for these formats might be reassigned to support PUR, we first need to define the functions that these PUR DCIs need to support.   Below are several agreements from previous meetings which help narrow down the DCI functions.

From RAN1#95:
Agreement

In idle mode, only one HARQ process is supported for dedicated PUR

From RAN1#96: 

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

From RAN1#96bis:

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.
From RAN2#106:

· RRC response message needs to be supported by the UE and could be used in all cases.

· For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed.

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

· RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.

Given the agreements above, we can say that the PUR DCI should, like MTC, support at least:

· An explicit ACK in response to the successful decoding of a PUR transmission by the eNB
· An UL GRANT for retransmission on the MPDCCH
Therefore, given previous agreements like using DCI format N0 for ACK, it is recommended that DCI Format N0 is also reused for supporting HARQ UL grants for retransmissions.
Proposal 1:

Reuse existing field(s) of DCI format N0 to convey the NACK UL grant for retransmission on NPDCCH.

The NDI field of the UL format DCIs (mode A or mode B) can be used to differentiate the DCI from being an ACK from a NACK with retransmission grant.

Proposal 2:
The NDI field of the PUR DCI is used to differentiate between the ACK and the NACK with retransmission grant. 
In addition to the above functions, several companies (see agreements below) have discussed:

(1) the need for DL grants to enable higher layers to immediately respond to PUR transmissions 

(2) the need to be able to release PUR resources.  

RAN2#104

· Release of the dedicated preconfigured resources are supported, details for NW triggered and UE triggered are FFS

RAN2#105

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

Since we consider these functions need to be secure, we propose that DL grants should be used to direct the UE to DL PDSCH messages to support:

· DL Data responses to PUR transmissions

· RRC reconfiguration messages (including PUR configuration release and modification)
To minimise specification efforts and UE development, to maximise flexibility and maintain security, it is proposed that we reuse the existing DCI format N1 in the same search space as used for the PUR ACK and NACK responses to support RRC messaging and DL data transmissions.
Proposal 3:     
In the PUR search space monitored for ACK and NACK, DCI format N1 can be also sent to the UE to provide DL NPDSCH resources to support: 

· DL Data responses to PUR transmissions

· RRC reconfiguration messages 

In RAN1#96 it was discussed whether to support updates to Timing Advance and UE TX power at layer 1 or at higher layers.   Given that these are potentially fast changing layer 1 attributes which do not change the fundamental PUR configuration from higher layer perspectives, we propose that they are adjusted at the physical layer.  

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 is 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 these DCIs.  To avoid having to potentially redesign the MAC header for these DCIs, and because there are no unused fields/bits within the NACK DCI, it is proposed that the network use the PUR search window to send a PDCCH order when it considers a Timing Advance adjustment is required.
Proposal 4:
The Network can send a PDCCH order in the PUR search window to update the timing advance.
Another quantity that has been discussed for inclusion in the DCI is the PUSCH Repetition level.  Since we are reusing DCI format N0, then we recommend retaining the existing field for adjusting the number of NPUSCH repetitions. 

Proposal 5:
The NPUSCH repetition number field is retained for both the PUR NACK and ACK DCIs.

· Within the NACK DCI, this field signals the repetition factor of the retransmission

· Within the ACK DCI, this field signals the repetition factor of the next PUR transmission.

Search Window Considerations

In this sub-section we discuss the characteristics of the PUR SS window and attempt to address the related FFS items from the RAN1#97 meeting agreements below:

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: FD-FDD UEs, TDD UEs

· 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
Since a network could be maintaining PUR transmissions for multiple UEs and given that these UEs can skip using these PUR resources, it is desirable be able reuse a single PUR search window resource for multiple PUR UEs irrespective of the time-carrier location of their original PUR transmissions.  

Proposal 6:
A single PUR search window, can be reused by multiple UEs with different PUR transmission regions.

From the RAN1#97 agreement there is an FFS item regarding the value [x], the number of subframes between the start of the PUR SS window and the end of the PUR transmission.  Given proposal 10, if we wish to enable one PUR SS window to be shared by multiple PUR UEs with different PUR allocations, we believe that a configured value (not a fixed value) of [x] is required that is signalled to individual UEs as part of their PUR configuration setup.

Proposal 7:
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 is signalled.
3. Conclusion

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

Proposal 1:
Reuse existing field(s) of DCI format N0 to convey the NACK UL grant for retransmission on NPDCCH.

Proposal 2:
The NDI field of the PUR DCI is used to differentiate between the ACK and the NACK with retransmission grant. 
Proposal 3:     
In the PUR search space monitored for ACK and NACK, DCI format N1 can be also sent to the UE to provide DL NPDSCH resources to support: 

· DL Data responses to PUR transmissions

· RRC reconfiguration messages 

Proposal 4:
The Network can send a PDCCH order in the PUR search window to update the timing advance.
Proposal 5:
The NPUSCH repetition number field is retained for both the PUR NACK and ACK DCIs.

· Within the NACK DCI, this field signals the repetition factor of the retransmission

· Within the ACK DCI, this field signals the repetition factor of the next PUR transmission.

Proposal 6:
A single PUR search window, can be reused by multiple UEs with different PUR transmission regions.

Proposal 7:
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 is signalled.
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