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1 Introduction
New WI for further enhancements to NB-IoT [1] was approved in RAN#80. One of the objective of this WI is to introduce uplink transmission over preconfigured resources for UE having valid timing advance. The scope of this objective as mentioned in [1] is given below.
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

Following are the agreements made in RAN2-103bis for uplink transmission over preconfigured resources (PUR).

	Transmission in dedicated preconfigured uplink resources in IDLE mode is supported for UEs with a valid timing advance.

Initially we will focus on dedicated preconfigured uplink resources in idle mode

· Shared resources can also be discussed


Following are the further agreements made in RAN2-104 on this topic.
	RAN2#104 agreements:
· The eNB configures the dedicated preconfigured uplink resources via RRC dedicated signaling.

· Methods for eNB to obtain information used to help configuring the dedicated preconfigured uplink resource to the UE is FFS.

· Periodic D-PUR with duration is supported

· FFS if one shot D-PUR is supported.

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


Following are the agreements in RAN2-105

RAN2#105 agreements:
· Multi-shot D-PUR is supported with the possibility to configure as a single shot.

· UE may perform a D-PUR request/information, if D-PUR is indicated as enabled in the cell. 

· Network makes the decision on the D-PUR configuration.

· Request/information can include:

· Requested TBS 

· Requested periodicity 

· Other information FFS. 

· The eNB can (re)configure and release D-PUR by dedicated RRC signalling.

· D-PUR configuration is released when the eNB doesn’t detect “m” consecutive UE transmissions.
· The UE must release the D-PUR when it does a RA procedure on a new cell.
· D-PUR configuration can be set up without a pre-defined end (infinite).
RAN2#105bis Agreements:
· From RAN2 point of view it is possible to configure TBS for D-PUR for both NB-IoT and eMTC up to the maximum supported based on the UE category and TBS capability.
· For UP the UE may transmit D-PUR release request/(re)configuration request when transmitting using D-PUR. FFS For CP. 

The following are FFS:

· Whether a UE can have more than one parallel D-PUR configurations

· Ability of the UE to request (indicate) a time offset

· The range of values and limits of preconfigured D-PUR allocations.

Whether mechanisms for a UE to reject a D-PUR configuration including by explicitly or implicitly releasing are needed.
2 Discussion
Signaling Procedure for D-PUR Configuration

The idle mode UE which supports D-PUR may also be capable of EDT transmission. For such UE, the D-PUR can be used for transmission of uplink packets which have static traffic pattern. For other traffic types whose traffic pattern is not deterministic, the UE may still send those packets using EDT if the cell also supports EDT transmission. In such cases, based on the CQI reports included in the EDT report, the number of repetitions used for successful EDT transmission, the ENB can also determine the coverage condition of the UE. If the number of repetitions assigned for the D-PUR allocation were different from the latest coverage condition, the ENB can also include D-PUR Reconfiguration as part of EDT signaling towards UE. In the same manner, the uplink EDT transmission can also include D-PUR related reconfiguration information. Thus in addition to D-PUR configuration via dedicated RRC signaling over connected mode, the EDT signaling procedure and messages should also support D-PUR reconfiguration.
Proposal 1: EDT Signaling procedure should also support inclusion of D-PUR Reconfiguration related information. The list of parameters for reconfiguration via EDT is FFS.

Signaling Procedure for D-PUR Data Transmission
The signaling procedure for uplink transmission over D-PUR resources can follow the similar signaling steps of EDT transmission. The EDT signaling message which carries the user-plane data also includes integrity protection information to ensure the data transmission from the valid UE. Similar security aspects are also required for D-PUR transmission. For CP solution also the RRC messages for EDT transmission can be reused over the D-PUR resources.

In contrast to the EDT data transmission where the RRC message from ENB is essential for contention resolution, the RRC message for D-PUR scenario is not required for contention resolution. But for the UE know the status of uplink data reception at higher layer including the security verification at the receiver, it is necessary to have higher layer acknowledgment for D-PUR transmission. The signaling procedure for D-PUR transmission using UP-EDT solution is illustrated in the below Figure.
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Proposal 2: The signaling procedure for D-PUR data transmission reuses the EDT signaling as basis for both UP and CP solution.

D-PUR Configuration

The application scenario corresponds to D-PUR allocation is the possibility of generation of uplink reports from the CIoT device with fixed traffic pattern. In many scenarios, the CIoT device may need to generate multiple uplink reports with each having different periodicity. For such scenarios, the D-PUR allocation for each of these reports differs. So ENB may need to allocate more than one D-PUR allocation with different TBS size and periodicity information. The resource allocation for all D-PUR allocation can be included in single RRC configuration message. The maximum number of parallel D-PUR streams can be limited to 4.
Proposal 3: More than one parallel D-PUR for single UE should be supported.

In addition to the TBS size information the D-PUR configuration corresponds to single D-PUR resource allocation also includes other parameters similar to uplink grant information. The D-PUR configuration parameters includes the number of subframes assigned for single TBS transmissions, repetitions and number of subcarriers. In case of repetitions configured for D-PUR resource allocation, ENB should also support configuration of gaps between the repetitions to allow flexible resource allocation.
Proposal 4: D-PUR Resource configuration includes number of subcarriers, number of subframes and number of repetitions in addition to TBS size information.

Proposal 5: Configuration of gaps between repetitions of D-PUR transmissions should be supported.
Downlink Control Signaling for D-PUR 
For every D-PUR transmission, the UE need to monitor downlink search space for reception of NPDCCH containing the DCI indicating ACK/NACK and also for scheduling of higher layer acknowledgement message for the D-PUR transmission. The UE specific search space configuration for D-PUR can be different from the USS configuration for connected mode USS. In case of D-PUR the USS monitoring related specific D-PUR occasion should be terminated prior to the next D-PUR occasion to avoid the overlap of USS monitoring associated with the next D-PUR occasion. In this case the USS for D-PUR should be configured with offset from the D-PUR occasion with number of NPDCCH search spaces prior to the next D-PUR transmission. 

The UE also needs to monitor USS for receiving D-PUR configuration related messages in addition to HARQ ACK operation. For this purpose, USS configuration similar to connected mode USS will be required. In order to combine reception of DCI for ACK/NACK and also for DCI for D-PUR configuration message, the UE can be configured with single USS similar to connected mode USS. Within this USS, the monitoring occasions can be seperately configured for HARQ-ACK operation and D-PUR control reception. For HAQ-ACK operation, the NPDCCH occasions starting after specific offset from D-PUR transmission with N number of such occasions prior to next D-PUR occasions. For D-PUR configuration signaling the UE monitoring can be configured like DRX operation to avoid continuous reception of USS in idle mode. The idle mode USS configuration should support longer periodicity compared to connected mode USS.
Proposal 6: The USS configuration for D-PUR operation should be same as connected mode USS. The periodicity for D-PUR USS should support longer periodicity.
Proposal 7: Within the D-PUR USS monitoring occasions for Higher Layer Ack and D-PUR control signaling are configured seperately.

D-PUR Re-assignment for mobility scenario
According to RAN2 agreements, the D-PUR resources assigned for the UE are released when the UE reselects to new cell. But when the UE resumes the RRC connection for other data transmission, it can also indicate that whether the UE already stored the D-PUR configuration as part of the UE context or not. When the RRC connection is resumed in the new cell, the ENB may check the UE context and assign D-PUR resources as per the stored information about the D-PUR. If such re-allocation of resources for same D-PUR configuration is successful, ENB can indicate the same as part of RRC-Resume-message towards UE. In this way the RRC Resume procedure can also be used to restore the D-PUR configuration in the new cell after mobility.

Proposal 8: For UP Solution, the RRC Resume Procedure should support resuming of D-PUR operation in new cell.

4 Summary

In this document we analyse the RRC signaling procedures and configurations for D-PUR operation. We make the following assumptions and proposals based on our analysis.
Proposal 1: EDT Signaling procedure should also support inclusion of D-PUR Reconfiguration related information. The list of parameters for reconfiguration via EDT is FFS.

Proposal 2: The signaling procedure for D-PUR data transmission reuses the EDT signaling as basis for both UP and CP solution.

Proposal 3: More than one parallel D-PUR for single UE should be supported.

Proposal 4: D-PUR Resource configuration includes number of subcarriers, number of subframes and number of repetitions in addition to TBS size information.

Proposal 5: Configuration of gaps between repetitions of D-PUR transmissions should be supported.

Proposal 6: The USS configuration for D-PUR operation should be same as connected mode USS. The periodicity for D-PUR USS should support longer periodicity.

Proposal 7: Within the D-PUR USS monitoring occasions for Higher Layer Ack and D-PUR control signaling are configured seperately.

Proposal 8: For UP Solution, the RRC Resume Procedure should support resuming of D-PUR operation in new cell.
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