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1 Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised and the lasted ones are approved in RAN#83 [1]. One of the objective of the WID is to support uplink transmission in idle/connected mode in preconfigured uplink resources for UE with valid timing advance.
In this paper we further analyze remaining issues related to D-PUR configuration and signaling procedures which are considered FFS as part of RAN2 Agreements for D-PUR [3]. We also further analyze some additional aspects that are not yet analyzed in earlier meetings. 
2 Discussion

D-PUR Downlink message contents

Inclusion of ExtendedWaitTime in the D-PUR downlink RRC Response message was considered FFS in RAN2#107. This parameter is included in downlink RRC messages for RRC connection setup and EDT in the current specification to indicate the UE to avoid sending any RRC connection request until this Timer value. This wait time is to avoid access attempts from low complexity IoT devices for certain duration to avoid access loading to the serving cell. For the same purpose, inclusion of this parameter in D-PUR downlink response message also beneficial. But this timer value should not impact UE sending uplink data transmission in D-PUR resources which were already pre-allocated.

Proposal 1: Extended Timer value can be included in D-PUR downlink RRC Response message. This timer value should not restrict UE accessing the D-PUR resources within the timer duration.
Interaction between RRC Connection Establishment and D-PUR transmission
In RAN2-107 it was agreed that UE may use the D-PUR resources to send RRC Connection Setup or RRC Connection Resume message to establish or resume the RRC connection. For UE having already pre-configured uplink resources, the UE may attempt to establish RRC connection in case if the application layer wants to send more amount of data or more than one packet than D-PUR allocated for single TBS transmission of D-PUR. As the TBS size allocated for D-PUR transmission is expected to be larger than the Msg3 size, instead of sending only the SRB payload on the D-PUR transmission, if there is pending uplink transmission some part of the packet can be segmented and sent along with the SRB. For UP solution ENB can assemble the segmented RLC packets before delivering the PDCP SDU to SGW. In case of CP solution, whether segment of packet can be sent as Data over NAS PDU depends on the support of segmentation of data PDU at NAS level. 

Proposal 2: If D-PUR Resources are used for establishing RRC connection or Resuming RRC connection, the D-PUR payload may also include data segment in addition to signaling message for CIoT-UP-Solution. FFS inclusion of data segment along with RRC message for CIoT-CP-Solution. 
It is possible that when RRC connection is established by the UE for data transmission for different applications from upper layer than the one for which D-PUR resources were allocated. In such cases if the data transmission of the RRC connection continues for longer time, it may overlap with the next D-PUR occasion already allocated for the UE. This overlapping resource allocation may not be required if the UE can combine the pending data The network may indicate as part of downlink RRC signaling whether these overlapping resource remains valid or released. Based on this information, when UE receives the uplink allocation overlapping these resources can skip or consider them as part of uplink grant. Moreover, if the UE is not sending any uplink on the D-PUR resources as it has already uplink transmission ongoing as part of RRC connection, skipping of this D-PUR should not be considered as missed D-PUR opportunity.
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Proposal 3: Downlink RRC signaling message towards UE may include information about whether the UE should skip the D-PUR overlapping with uplink data transmission of the RRC connection or not. 
Proposal 4: In case if the D-PUR transmission from UE is not received because of the UE having RRC connection overlapping the D-PUR resources, this D-PUR occasion should not be considered as missed transmission used for release of D-PUR resources.

Timing Advance update procedure for D-PUR
Based on the TA validation criteria agreed in RAN2, when the TA is considered as invalid the UE should consider the assigned D-PUR resources as invalid until the timing advance is updated via different procedure. After the TA expiry when the UE receives request from upper layer for RRC connection setup or EDT at the time closer to the next PUR occasion which was considered invalid due to TA invalidation, the UE may also include indication to restore the remaining D-PUR resources in the RRC or EDT message. The ENB can confirm the restoration of same D-PUR resources in the RRC response or EDT response. In this way explicit reconfiguration of D-PUR via separate RRC signaling is not required in case if the RRC connection setup/EDT was initiated after the TA invalidation associated with the D-PUR resources.
Proposal 5: The RRC Connection Request or EDT initiated after the TA invalidation associated with D-PUR allocation may include additional indication to restore the D-PUR configuration for remaining duration.  
Downlink Control Channel Monitoring 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.

3 Summary

In this discussion paper we analyze the remaining FFS topics of RA2-107 agreements and also additional scenarios which were not considered for discussion in earlier RAN2 meetings.  Following are the proposals made based on the analysis.
Proposal 1: Extended Timer value can be included in D-PUR downlink RRC Response message. This timer value should not restrict UE accessing the D-PUR resources within the timer duration.
Proposal 2: If D-PUR Resources are used for establishing RRC connection or Resuming RRC connection, the D-PUR payload can also include data segment in addition to signaling message for CIoT-UP-Solution. FFS inclusion of data segment along with RRC message for CIoT-CP-Solution. 

Proposal 3: Downlink RRC signaling message towards UE may include information about whether the UE should skip the D-PUR overlapping with uplink data transmission of the RRC connection or not. 
Proposal 4: In case if the D-PUR transmission from UE is not received because of the UE having RRC connection overlapping the D-PUR resources, this D-PUR occasion should not be considered as missed transmission which is used for implicit release of D-PUR.

Proposal 5: The RRC Connection Request or EDT initiated after the TA invalidation associated with D-PUR allocation may include additional indication to restore the D-PUR configuration for remaining duration.  
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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