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1 Introduction

The early data transmission functionality introduced in Rel-15 for NB-IoT enables UE to send small data in Msg3 itself reducing the overall signaling overhead associated with the small data transmission. Further enhancements are still possible for the UE with valid timing advance to send small data without the additional signaling related to Msg1 and Msg2 also.
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

Following are the agreements reached related to this topic in RAN1-94.

	Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA

· FFS: Validation mechanism for TA

· FFS: How the pre-configured UL resources is acquired

For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 

· Whether to support HARQ;

· If supported, details of HARQ design including the number of HARQ processes;

· Whether ACK/NACK is necessary

Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.




In this discussion paper, further design aspects related to uplink transmission in preconfigured resources (Preconfigured-Uplink-Grant ) are analysed.

2 Resource configuration for Preconfigured Grant Transmissions

With classical 4G the traffic model driving the air interface design generally assumed heavy and steady DL traffic.  Now with the emergence machine to machine communications and services such as messaging based and machine to machine communications, there is a need to support short and sporadic bursts of UL data.  

As of Release-15, MTC devices can apply the EDT mechanism to support short bursts of UL data with reduced control overhead.  However, this scheme always requires the first 2 steps of the RACH process to be performed and is limits the maximum TBS size to approximately 1000 bits.

Note, there is also the SPS scheme introduced in Rel-15 that helps reduce the control overhead, but it is targeted more at steady state communications in connected mode.

A more efficient scheme is desired than EDT, that:

(a) Requires less overhead

(b) Allows larger TBSs to be supported

An uplink scheme is desirable at least for IDLE mode UEs that allows the transmissions of sporadic UL transmissions with less overhead that require of EDT.  The case for a similar scheme in connected mode is less clear given the option of SPS.

As noted in the WID description, such a scheme requires a valid timing advance.

Validity duration for uplink transmission using preconfigured resources

The timing advance command can be provided by the eNodeB in the MAC RAR as part of the initial RACH procedure or via a PDCCH order.  The timining advance command currently has a range of 1(XX and remains valid until the expiry of a configurable timeAlignmentTimer timer. 

The value of the timer is either UE specific (timeAlignmentTimerDedicated) and managed through dedicated signalling between the UE and the eNodeB, or cell specific (timeAlignmentTimerCommon) which is indicated in SIB2. In both cases, the timer is normally restarted whenever a new Timing Advance is given by the eNodeB.

Given that many MTC devices will be stationery, a new timeAlignementTimerCommon specific timer is defined specifically for MTC devices using preconfigured UL resources is proposed. 

Proposal 1:    RAN2 to consider a new timeAlignementTimerCommon parameter specific to devices using UL preconfigured resources.

Configuration for the preconfigured resource
For Idle and connected mode devices using grant free transmissions, there will need to be defined a shared resource region for the UL preconfigured resources.  2 possible options for these resources include:

· An resource region defined in terms like those used to describe a search space (periodicity, narrowband and number of SFs).

· For IDLE mode UEs, this region could be signalled in SI

· For CONNECTED mode UEs, this region could be configured using UE specific RRC

· A grant-free transmission subframe bitmap.

Proposal 2:     UL preconfigured transmissions are restricted to a dedicated resource region defined by either: 

Option 1:  A narrowband, length and periodicity. 

Option 2:  A valid subframe bitmap.

Note that for both options, it may be possible to specify multiple regions to be used for grant free transmissions.  A UE could implicitly determine which region to via its UE-ID or be told what region when acquiring its TA.

Proposal 3:     The network is able to configure multiple resource regions for UL preconfigured transmissions.  
          

FFS:  If a UE is allocate a specific resource region implicitly or explicitly

For preconfigured uplink transmissions, the ENB assigns resources statically towards UE via system information or dedicated signaling. These resources occurs with certain periodicity to allow multiple uplink transmission oppurtunities in regular interval. Whether the uplink transmission is scheduled on these resources are not known to the ENB. Without such knowledge, the ENB may end up attempting to decode for NPUSCH over these resources resulting in failure. The ENB may further initiate uplink retransmission via another DCI with HARQ-NACK which also may fail as there are no actual UE for transmission on these resources. 
Considering the above problem, there should be reliable mechanism at ENB to detect whether there is valid uplink transmission on the preconfigured resources or not. One possible solution for this problem is to introduce another NPUSCH resource prior to the preconfigured resources or the initial part of the preconfigured resource itself for the UE to send NPUSCH-F2 to indicate its intention to transmit over the preconfigured resources. The ENB can decide to further decode the contents of NPUSCH based on the information contained in this NPUSCH-F2. If QPSK can be used for this NPUSCH-F2 transmission, UE can indicate 4 values indicating the possible TBS size. No transmission on these NPUSCH-F2 resource indicates that there is no UE activity in the upcoming preconfigured resources. Only one NPUSCH-F2 resource using single 15 KHz tone is sufficient for this purpose. Collision of transmission over these resources will further improve the reliability of the channel as all the UE will send same information in uplink synchronised manner.
Proposal 4:    
Additional indication from UE through NPUSCH-F2 prior to the preconfigured region should be introduced to enable the ENB for activity detection and reduce the blind decoding attempts for TBS size.

In case of grant-free resource congestion or under-utilisation, the network should have a means to adjust the resources.  For Idle mode UEs, this could be via the system information modification paging message. Whether preconfigured resource region is valid or not can be informed via NPDCCH which can occur at some specific subframes ahead of actual resources. If there is NPDCCH for paging is scheduled at this subframe, ENB includes the additional information as part of the DCI. If there is paging is scheduled in this NPDCCH, ENB can send new DCI which can indicate the modification to the resources with respect the reference configuration in terms of reduced number of subframes , new TBS size etc. This DCI can also indicate complete unavailability of these resources for uplink transmission if these resources are to be pre-empted for high priority connected mode transmissions.
Proposal 5: 
Dynamic control of Preconfigured resource for uplink should be supported to allow flexible resource allocation.
Potentially the easiest way to support IDLE mode grant-free transmissions is to support a separate EDT region for UEs capable of using a GF region combined with a procedure, similar to the EDT procedure. The procedure would be modified to signal the timing advance and possibly the resource region.
3  Signaling Procedure for Preconfigured Grant Transmission
For preconfigured grant transmissions, the HARQ mechanism and the contention resolution mechanism also requires further changes to improve the overall resource efficiency compared to EDT /legacy random access procedures. The UE selection of suitable TBS size for this transmission and capability at ENB for multiple decoding requires further enhancement for the preconfigured-grant transmissions.

With preconfigured region being accessible to multiple UE for sending uplink transmission, the ENB may fail in decoding the uplink transmission due to collision. For sending the HARQ-ACK/NACK information for the UE accessing this region, ENB needs to configure new RNTI similar to RA-RNTI for indicating the UE about the reception of the uplink transmission and further actions based on the same.

Following options are possible 

· As similar to Msg3 retransmission, the DCI sent via new RNT may indicate the NACK through NDI parameter and provide new allocation in the same DCI. In this case if there is collision on the first transmission it is expected to continue on the retransmission also.

· Alternatively the DCI can indicate the UE to fallback to EDT transmission via Msg3 instead of continuing the retransmission mechanism.

In case if successful decoding of the uplink transmission over preconfigured resources, the ENB can indicate the contention resolution identifier (16 bit) length in the DCI itself and also additional parameters for the UE which might have failed in the contention resolution. These UEs may be asked to trigger legacy Random access or EDT transmission by the ENB.

Proposal 7: 
DCI for informing resource for retransmission (HARQ ACK/NACK) for the initial uplink transmission over pre-configured grant is sent using new RNTI over NPDCCH. 

Proposal 8:     RAN2 to consider contention resolution via DCI for uplink transmission over preconfigured resources.

The transport block size to be used by UE when it decides to send uplink packets using preconfigured transmission can be decided based on the set of transport blocks associated with the preconfigured resources. This approach is similar to the TBS size selection for EDT transmission. In addition to the TBS selection at UE for the preconfigured transmissions, if ENB is capable of detecting the TBS size without successful decoding, the DCI for sending NACK can include the detected TBS size and the resources can be modified accordingly.

Compared to EDT procedure, detection of TBS at ENB will improve the overall resource efficiency for preconfigured uplink transmissions.

Proposal 9 : 
· TBS selection at UE can reuse the TBS selection mechanism of EDT transmission. 
· DCI carrying NACK can also include the detected TBS size to improve the energy efficiency and resource utilisation for retransmission associated with this feature.

4 Timing Advance Validation for Uplink transmission over preconfigured resources

One of the pre-requisite for using the preconfigured resource for uplink transmission is the possession of valid timing advance prior to the uplink transmission. This requires the UE to detect whether the timing advance provided via earlier data transmission mechanism is valid or not at time earlier to the actual occurance of preconfigured resources. The validity check should be done earlier to the actual uplink resources to allow the UE to obtain the latest TA from ENB in case if the UE determines that the stored TA is not valid.

When the UE decides to validate or obtain the latest TA from network, the UE sends the NPRACH transmission prior to the preconfigured resources with the NPRACH transmission adjusted as per the last known timing advance. With this NPRACH transmission with known timing advance, the timing advance estimated at the ENB for this UE is expected to be very less compared to the NPRACH transmission without the known offset.
With dedicated set of preambles assigned for the UE to check the TA validation, the Msg2 sent in response to detection of these preamble need to include only few values for timing advance. The Msg2 sent in response to these dedicated preamble should include only preamble +TA information without actual uplink grant. It is also possible to convey this short TA along with detected preamble information via DCI itself without need for Msg2 .ENB can optionaly assign the uplink grant also for this UE along with timing advance if resources are available.

Proposal 10 : Dedicated RACH resources are required prior to the preconfigured uplink resources to enable the UE to send random access procedure only to get the timing advance estimation with optional uplink grant via Msg2.

5 Conclusions

In this contribution, we analyse the enhancements related to uplink transmission using preconfigured grant and make the following proposals.
Proposal 1:    RAN2 to consider a new timeAlignementTimerCommon parameter specific to devices using UL preconfigured resources.

Proposal 2:    UL preconfigured transmissions in idle mode are prioritised.

Proposal 3:     UL preconfigured transmissions are restricted to a dedicated resource region defined by either: 

Option 1:  A narrowband, length and periodicity. 

Option 2:  A valid subframe bitmap.

Proposal 4:     The network is able to configure multiple resource regions for UL preconfigured transmissions.  
          

FFS:  If a UE is allocated a specific resource region implicitly or explicitly

Proposal 5:    
The option of a “pre-grant” notification DCI set by the UE ahead of its grant free transmission be studied.

Proposal 6: 
Dynamic control of Preconfigured resource for uplink should be supported to allow flexible resource allocation.
Proposal 7: 
DCI for informing resource for retransmission (HARQ ACK/NACK) for the initial uplink transmission over pre-configured grant is sent using new RNTI over NPDCCH. 

Proposal 8:     RAN2 to consider contention resolution via DCI for uplink transmission over preconfigured resources.

Proposal 9 : 

· TBS selection at UE can reuse the TBS selection mechanism of EDT transmission. 

· DCI carrying NACK can also include the detected TBS size to improve the energy efficiency and resource utilization for retransmission associated with this feature.

Proposal 10 : Dedicated RACH resources are required prior to the preconfigured uplink resources to enable the UE to send random access procedure only to get the timing advance estimation with optional uplink grant via Msg2.
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