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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82 and RAN#83 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for uplink transmission in pre-configured resources:
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

In the previous RAN2 meetings, the following agreements were made for both NB-IoT and eMTC [3]:

	RAN2#103bis agreements:
· 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

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.
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).


This document focuses on the general procedure of D-PUR.
2 Discussion
In our understanding, for both CP and UP solution, the general procedure of D-PUR is very similar to MO-EDT without preamble and RAR. The overall D-PUR procedures for CP solution and UP solution are shown in the following Figure 1 and Figure 2 respectively:
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Figure 1. Overall procedure for CP D-PUR
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Figure 2. Overall procedure for UP D-PUR
In the following sections, we will provide more detailed analysis for the general procedure of D-PUR as shown by Figure 1 and Figure 2.

2.1 CN impact
For both CP and UP solutions, we assume that the CN procedure is the same as in MO-EDT. For CP solution, the EDT Session IE in INITIAL UE MESSAGE and the End Indication IE in DOWNLINK NAS TRANSPORT / CONNECTION ESTABLISHMENT INDICATION introduced for MO-EDT can still be used for D-PUR. The CN does not need to distinguish MO-EDT procedure and D-PUR procedure.
Proposal 1: There is no CN impact to support D-PUR. The CN procedure for MO-EDT is reused for D-PUR.
2.2 D-PUR configuration

It has been agreed that D-PUR can be (re-)configured/released via dedicated RRC signalling. Thus, we think the following procedures can be considered:

· Previous RRC connection.

· Previous MO-EDT.

· Previous D-PUR (if there is DL RRC message, see section 2.3)

We think all the three options are possible. 
Proposal 2: D-PUR can be (re-)configured/released in any previous RRC connection/MO-EDT/D-PUR.
The details of D-PUR configuration including resource allocation and TA conditions are provided in contribution [4].
2.3 Trigger conditions
In our understanding, if a D-PUR resource is assigned to a UE, when uplink data becomes available, it is still up to the UE to decide which procedure to use for uplink transmission, i.e. D-PUR, MO-EDT or legacy RA. For example, if there is no D-PUR allocated in the near future, the UE can initiate MO-EDT or legacy RA to send the data immediately.
Proposal 3: If D-PUR is configured, it is up to the UE to decide which procedure (i.e. D-PUR, MO-EDT or legacy RA) to use for uplink transmission when uplink data becomes available.
Before triggering D-PUR procedure, similarly to MO-EDT, some conditions need to be fulfilled. We think the motivation and the use case of D-PUR is the same as MO-EDT, i.e. reducing power consumption for small data transmission. Thus, we can also take the conditions for triggering MO-EDT as a baseline for designing triggering conditions of D-PUR, e.g. TBS requirement, stored NCC, etc. In additional to MO-EDT triggering conditions, valid TA also needs to be considered in D-PUR.
Proposal 4: The trigger conditions for D-PUR transmission can take MO-EDT as a reference with the additional condition of having a valid TA.

One difference between MO-EDT and D-PUR might be the case that the assigned D-PUR is not large enough to transmit all the available uplink data. In MO-EDT, if the whole MAC PDU size does not fit in the broadcasted TBS for the corresponding repetition level, the UE cannot initiate the MO-EDT procedure. Legacy RA procedure has to be used.
In D-PUR procedure, if the uplink data are larger than the assigned resource, the UE cannot complete the data transmission in a single transmission. In this case, the RRC connection establishment or resumption procedure will have to take place. Thus, there is no benefit in power consumption and the latency gain is very limited as the whole data will only be available at the eNB after the RRC connection is established/resumed. Therefore, this should not be considered as the basic use case for the feature. However, in order to avoid wasting the D-PUR, it can be considered to make use of the preconfigured resource and skip the first steps of the RACH procedure, e.g. to transmit the RRC messages, this will also benefit power consumption and latency.
Proposal 5: It can be considered to use the D-PUR even when the whole data cannot be sent in one single transmission, e.g. to establish / resume the RRC connection.
2.4 Uplink transmission
If the trigger conditions for D-PUR transmission are fulfilled, the uplink data can be transmitted in the D-PUR resource. 

For the CP solution, similarly to MO-EDT, the uplink data are encapsulated as a NAS PDU in an uplink RRC message transmitted in CCCH.

Proposal 6: For the CP solution, the uplink data are encapsulated as a NAS in an uplink RRC message transmitted in CCCH.

For the UP solution, the uplink data should be transmitted in DTCH as in MO-EDT. An uplink RRC message in the UP solution also needs to be discussed. In MO-EDT, at least the following information in the uplink RRC message, i.e. RRCConnectionResumeRequest(-NB), are useful:

· resumeID

In MO-EDT, resumeID is used by the eNB to identify the UE and retrieve the UE context if the target eNB is different from the source eNB. In D-PUR, since the resource is cell specific and the UE cannot use D-PUR in a new eNB, there is no need to use resumeID to retrieve UE context from the source eNB. However, we think resumeID is still needed for the eNB to identify the UE. An alternative is identify the UE by the allocated resource. But this will require the eNB to link the resource to each UE for a very long duration (maybe couple of days), which will bring a lot of complexity to the eNB implementation.
· shortResumeMAC-I
shortResumeMAC-I is used for integrity protection . In D-PUR, since the resource is configured in previous RRC signalling with security, shortResumeMAC-I may not be necessary from security point of view. Removing shortResumeMAC-I will cause a lot of changes on the security procedure for MO-EDT.  We do not see strong reason to re-design the security procedure for D-PUR so we think shortResumeMAC-I should be kept in uplink RRC message for the UP solution.
Based on above analysis, we think an uplink RRC message is still needed in the uplink transmission of UP D-PUR.
Proposal 7: For UP solution, the uplink data in DTCH are multiplexed with an uplink RRC message in CCCH.
2.5 Downlink transmission

It has been agreed in RAN1 that HARQ retransmission for D-PUR is supported [5]. Thus, after the uplink transmission, the UE needs to monitor (N)PDCCH at least for HARQ retransmission scheduling.

Besides, even if the uplink transmission is successful, we think a downlink transmission is still needed. The downlink transmission may include:

· Downlink data

In MO-EDT, potential downlink data (downlink application layer feedback or downlink data buffered in CN) in Msg4 is supported. In our view, the use case of D-PUR is the same as MO-EDT with the restriction that TA is valid. Thus, potential downlink data should be supported for D-PUR as well.

· RRC message

· For both UP and CP solution, the D-PUR can be released/re-configured by RRC message
· For UP solution, at least NCC needs to be provided by RRC message

· TA Command MAC CE
In contrast with MO-EDT, there is no RAR with TA Command MAC CE for D-PUR. Thus, TA Command MAC CE can be included in the downlink transmission for the UE to adjust TA.

Based on above, we have the following proposals for the downlink transmission after the uplink D-PUR transmission.
Proposal 8: After the uplink transmission, the UE needs to monitor (N)PDCCH for HARQ retransmission scheduling or downlink transmission. 

Proposal 9: For both CP and UP solutions, a downlink RRC message is needed in the downlink transmission after uplink D-PUR transmission.

Proposal 10: TA Command MAC CE can be included in the downlink transmission after uplink D-PUR transmission.

Proposal 11: Potential downlink data (downlink application layer feedback or downlink data buffered in CN) after uplink transmission is supported in D-PUR procedure.

Proposal 12: For the CP solution, the downlink data can be optionally encapsulated as a NAS PDU in the DL RRC message transmitted in CCCH.

Proposal 13: For the UP solution, the downlink data in DTCH can be optionally multiplexed with the DL RRC message in DCCH.
3 Conclusion

This paper focused on the general procedure for D-PUR. Corresponding proposals are listed as below:
Proposal 1: There is no CN impact to support D-PUR. The CN procedure for MO-EDT is reused for D-PUR.
Proposal 2: D-PUR can be (re-)configured/released in any previous RRC connection/MO-EDT/D-PUR.
Proposal 3: If D-PUR is configured, it is up to the UE to decide which procedure (i.e. D-PUR, MO-EDT or legacy RA) to use for uplink transmission when uplink data becomes available.
Proposal 4: The trigger conditions for D-PUR transmission can take MO-EDT as a reference with the additional condition of having a valid TA.

Proposal 5: It can be considered to use the D-PUR even when the whole data cannot be sent in one single transmission, e.g. to establish / resume the RRC connection.

Proposal 6: For the CP solution, the uplink data are encapsulated as a NAS in an uplink RRC message transmitted in CCCH.

Proposal 7: For UP solution, the uplink data in DTCH are multiplexed with an uplink RRC message in CCCH.
Proposal 8: After the uplink transmission, the UE needs to monitor (N)PDCCH for HARQ retransmission scheduling or downlink transmission. 

Proposal 9: For both CP and UP solutions, a downlink RRC message is needed in the downlink transmission after uplink D-PUR transmission.

Proposal 10: TA Command MAC CE can be included in the downlink transmission after uplink D-PUR transmission.

Proposal 11: Potential downlink data (downlink application layer feedback or downlink data buffered in CN) after uplink transmission is supported in D-PUR procedure.

Proposal 12: For the CP solution, the downlink data can be optionally encapsulated as a NAS PDU in the DL RRC message transmitted in CCCH.

Proposal 13: For the UP solution, the downlink data in DTCH can be optionally multiplexed with the DL RRC message in DCCH.
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