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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.


In order to progress, an email discussion was agreed:

[104#43][eMTC & NB-IoT R16] To progress on D-PUR (Sierra Wireless)


Primary scope is to progress the FFS captured for D-PUR


Secondary scope, to progress further details on solutions addressing the agreements


Intended outcome: email discussion report


Deadline: Thursday 2019-02-07

In this paper we further analyse the signaling procedure associated with configuration of D-PUR along with additional signaling required for reconfiguration and release of the D-PUR resource allocation. We also further discuss on the scenarios applicable for shared PUR resources and additional changes required to support the shared PUR configuration.
2 Signaling Procedures for Dedicated Preconfigured Uplink resource for Idle mode.
Dedicated preconfigured resources for uplink transmission in idle mode is required for the scenarios where the UE is expected to send frequent small data transmission in uplink with the known periodicity in idle mode. Following are the important steps associated with small data uplink transmission over the dedicated PUR.
· RRC-Configuration of D-PUR

As part of RRC Signaling procedure, ENB configures the D-PUR resources towards UE containing the radio parameters associated with resource allocation. The D-PUR resource configuration is activated at the UE on release of the current RRC connection.

· D-PUR Context maintainance for idle mode UE
Both UE and ENB creates D-PUR context containing the UE identifier and the associated resource configurations including periodicity. At UE this information is used by the idle mode UE to send the uplink small data associated with the D-PUR. This information can also be used by the UE to decide on when to wake-up from deep-sleep if the D-PUR periodicity is longer than the DRX configuration of the cell. ENB maintains this context to know the uplink resources reserved for D-PUR and the scheduler should ensure not allocating these resources during scheduling the uplink for other UE.
· D-PUR data transmission

UE can use separate RRC message similar to EDT for transmission of the small packet via the D-PUR resources. This signaling procedure also involves downlink RRC message similar to EDT acknowledging the PUR transmission at RRC level.

· D-PUR Resource Management
Once the D-PUR resources are activated for duration, additional signaling mechanisms required at UE and ENB to release the D-PUR resources before the completion of the period. Depending on the coverage condition and the resource usage it should be possible to modify the D-PUR resource allocation from UE and also ENB. Other triggers associated with the release and reconfiguration will also be covered here
  Following diagram illustrates the above steps associated with dedicated PUR functionality.
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The RRC Configuration for dedicated PUR for idle mode UE will contain the at least the following information

· The PUSCH resource allocation in terms of number of subframes and the number of repetitions.

· Number of D-PUR allocations : The number can be set to fixed value or infinite in case if continuous scheduling D-PUR transmission.

· Periodicity of the D-PUR allocation : The time difference between successive D-PUR allocations.

· Start-SFN and Subframe information within Period : Start-SFN for the first allocation.

· TBS associated with the uplink transmission. Single TBS or multiple TBS can be indicated.  Multiple TBS can be indicated if the UE indicates the possibility of different TBS size transmission over this D-PUR resources.
In addition to the above parameters, the NPDCCH search space for receiving the downlink messages associated with the D-PUR transmission also needs to be configured. ENB can configure this search space common to multiple PUR resources via system information or it can be configured for individual UE as similar to UE specific search space.

Proposal 1 : RRC Configuration for D-PUR contains atleast the PUSCH resource allocation including the TBS information and their starting point along with the period. FFS additional parameters related to the control search space for downlink reception associated with D-PUR.

The D-PUR configuration can be triggered based on either request from UE or based on D-PUR configuration request from MME. In case of D-PUR resources to be requested by UE , the information related to the D-PUR TBS and period information can be indicated from UE along with the UE capability for supporting the same. In order to ensure this resource allocation towards authenticated UE, this resource request can be sent after AS security is activated in case of UP solution. In case of CP solution, the request for D-PUR configuration can be based on information received from CN as part of the current RRC connection. Depending on the resource situations, the RRC configuration for D-PUR may differ from the requested configuration from UE.

Proposal 2 : Signaling mechanism to receive D-PUR Assistance information either from UE or CN should be supported. FFS the contents of the assistance information. 
On activation of the D-PUR resources at UE, both UE and ENB can monitor the performance of D-PUR data transmission and also the radio conditions associated with the D-PUR. From UE side, UE can provide assistance information which can be used by ENB for reconfiguration can be included as part of the ongoing D-PUR transmission itself. ENB can modify the RRC reconfiguration through the downlink RRC message which is sent in response to D-PUR transmission. ENB can also indicate the release of complete D-PUR resources reservation as part of this RRC message.
Proposal 3: RRC Message containing Reconfiguration of D-PUR and also Release of complete D-PUR can be included as part of the D-PUR Response message towards UE. 
In case of D-PUR allocations with longer intervals and if the ENB decides to release the D-PUR allocation without waiting the D-PUR uplink transmission, ENB should be able to indicate the release prior to D-PUR occasion. ENB can use the paging occasion prior to the D-PUR also for indicating such release. Otherwise ENB can configure downlink search space for transmission of D-PUR control messages prior to D-PUR instance. It is also possible that the D-PUR functionality may be linked to subscription. In such cases MME may trigger the release of D-PUR allocation and ENB should be able to trigger the release. ENB may choose to wait for D-PUR occasion or trigger paging message to sent the release message.
Proposal 4: Further analysis required for ENB signaling of D-PUR release in asynchronous manner prior to D-PUR instance.
For D-PUR allocation with large number of instances, it is possible that the UE may be switched off or moved out of coverage during the period. In such cases release mechanism based on UE activity should be supported to avoid resource usage without actual transmission. But for some D-PUR use-cases UE may not be able to send uplink transmission in all instances due to unavailability of application data for the given moment. Considering these situations the RRC D-PUR configuration should also consider missing of N instances as part of UE behavior and decide on release after certain number of times.

Proposal 5: UE activity based D-PUR release mechanism considering the possible cases of UE unable to utilize the D-PUR for some oocasions should be considered for better resource efficiency of D-PUR allocation.

4 Summary

In this paper we analyse the RRC configuration and signaling procedures associated with D-PUR functionality for different phases of D-PUR resource management.
Proposal 1 : RRC Configuration for D-PUR contains atleast the PUSCH resource allocation including the TBS information and their starting point along with the period. FFS additional parameters related to the control search space for downlink reception associated with D-PUR.

Proposal 2 : Signaling mechanism to receive D-PUR Assistance information either from UE or CN should be supported. FFS the contents of the assistance information. 
Proposal 3: RRC Message containing Reconfiguration of D-PUR and also Release of complete D-PUR can be included as part of the D-PUR Response message towards UE. 
Proposal 4: Further analysis required for ENB signaling of D-PUR release in asynchronous manner prior to D-PUR instance.

Proposal 5: UE activity based D-PUR release mechanism considering the possible cases of UE unable to utilize the D-PUR for some oocasions should be considered for better resource efficiency of D-PUR allocation.
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