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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 for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	[bookmark: _Hlk515906322]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 RAN2 #103bis~#107 meetings, based on the contributions, the following agreements have been achieved:
	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).
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. 
RAN2#106 agreements:
RRC response message needs to be supported by the UE and could be used in all cases.
For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed.
RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.
RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.
It is feasible to provide the UE with a UE-specific RNTI for D-PUR. Common or shared RNTI is also feasible.
The RNTI used for D-PUR is signalled together with other D-PUR configuration.
RAN2#107 agreements:
Valid TA is a requirement in order to initiate D-PUR transmission.
The UE may use the D-PUR resource to send RRCConnectionRequest or RRCConnectionResumeRequest to establish or resume RRC connection.
· FFS: whether the UE can send part of the data using the padding in this case.
FFS: whether the UE can segment and send part of the data using the D-PUR resource.
For the CP solution, the uplink data are encapsulated as a NAS PDU in an uplink RRC message transmitted in CCCH.
For the UP solution, the uplink data are transmitted in DTCH.
After the uplink D-PUR transmission, the UE monitors PDCCH under the control of a timer:
· The timer starts after D-PUR transmission.
· The timer restarts if a scheduling for D-PUR retransmission is received.
· The UE considers that the D-PUR transmission has failed if the timer expires.
· The timer is stopped when D-PUR procedure ends/succeeds.
The downlink RRC response message, if needed, for the CP solution may include the following optional information:
· downlink data encapsulated as a NAS PDU (downlink application layer response or pending data in MME).
· redirection information.
· D-PUR (re-)configuration and release.
· FFS extendedWaitTime.
The downlink RRC response message for the UP solution may include the following optional information:
· Resume ID.
· NCC (mandatory) - the downlink RRC response message for the UP solution is always provided.
· redirection information.
· D-PUR (re-)configuration and release.
· FFS extendedWaitTime.
The MAC CE for TA update can be sent along with the RRC transmission of the downlink RRC response message for the CP solution and UP solution. 
· FFS for CP solution if MAC CE for TA update can be sent without a downlink RRC response message.
After reception of D-PUR transmission, the eNB can move the UE to RRC connection by RRCConnectionSetup message or RRCConnectionResume message.
Fallback after D-PUR transmission is not successful is not specified i.e. it is up to UE implementation to initiate legacy RA, MO-EDT or wait for next D-PUR occasion.
· FFS how to handle the skip in case of failure (UL or DL).
D-PUR TA validation criteria:
TA validation criterion “Serving cell changes” is implicitly always enabled, which means that TA is considered invalid when the UE initiates RA procedure in a different cell than where TA was last validated.
Configuration for TA validation criteria is provided in dedicated RRC signaling.
· It should be possible to disable each or all of the optional TA validation criteria (i.e., TA timer, (N)RSRP change) via RRC signaling.
UE keeps the PUR configuration while TA is considered invalid, but PUR cannot be used until eNB validates the existing TA/provides a new TA.
Working assumption: Counter for D-PUR occasions, i.e., “n”, is not introduced and “indefinite” or “one-shot” are the only possible configurations.
A new TA timer is defined for UEs configured with D-PUR in idle mode.
· The (re)starting times for TA timer need to be aligned between UE and eNB. The details of the mechanism are FFS.
· TA timer is restarted after TA is updated.
· The value range for the TA timer is FFS. Value of “infinity” is possible.
D-PUR Request, (re)configuration and release mechanism:
D-PUR request can be sent only by BL UE, UE in CE or NB-IoT UE; and which are capable of D-PUR.
D-PUR request can be sent when the UE is in RRC_CONNECTED.
D-PUR request includes number of PUR grant occasions requested with possibility to request infinite. FFS other values.
UE can request D-PUR release. FFS how.
A new RRC message is introduced for transmission of PUR request when UE is in RRC_CONNECTED (i.e., not for the cases of sending PUR request during EDT and during PUR).
UE-specific PUR (re)configuration can be provided while UE is in RRC_CONNECTED.
PUR (re)configuration can be included in RRC Connection Release.
At least the following information can be included in PUR (re)configurations: 
· “m” consecutive missed allocations before release, FFS values.
· Time Alignment Timer for idle mode.
· RSRP change threshold for Serving cell.
FFS (not discussed due to lack of time – will address in the next meeting): 
D-PUR (re)configuration can be provided in RRC Early Data Complete. FFS whether AS security needs to be active at the time of PUR configuration, and if so, how.
Conditional on explicit PUR (re)configuration failure indication is supported: If the UE indicates failure of PUR reconfiguration, the (existing) PUR configuration is released.
If explicit PUR (re)configuration failure indication is not supported, discussion what happens to the existing PUR configuration if successful PUR reconfiguration is not confirmed.
PUR configuration is released after configured number of PUR grant occasions is reached.
Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configurations.
Whether D-PUR is enabled in broadcast or dedicated signalling.
If RRC message used in EDT Msg3 is extended to include PUR request.
Whether D-PUR request includes indication whether L2/3 ACK is required (or L1 ACK is sufficient). NW makes final decision on configuration.
Whether any of the following is a precondition for sending PUR request: UE is stationary/quasi-stationary; UL data size is limited to maximum supported TB size.
Whether Requested Time Offset can be included in the PUR request.
Whether PUR configuration can be provided without UE request for PUR.
Whether D-PUR (re)configuration includes flag indicating whether DL L2/L3 ACK is used for UL data.
Which of the following is included in PUR (re)configurations: Time Offset; UE-specific RNTI; D-PUR config identity/index; timer for D-PUR response; PUR backoff indicator/prohibit timer; TBS size.
Whether explicit confirmation of PUR (re)configuration success is supported.
Whether explicit PUR (re)configuration failure indication is supported.
What happens to the existing PUR configuration if successful PUR release is not confirmed.
For UP solution, when PUR request is being piggybacked in the PUR transmission, same RRC message used for PUR transmission is used to include PUR request.
PUR (re)configuration can be provided in DL RRC response message (message FFS) of the D-PUR procedure.
Explicit reject message (NW-> UE) in response to PUR request is not introduced.
Delta configuration is supported for PUR reconfiguration.
If the UE performs EDT or moves to RRC_CONNECTED and comes back to RRC_IDLE in the same cell, PUR configuration remains valid unless specifically released or reconfigured by network or other triggers.
PUR can be released explicitly by RRCConnectionRelease message and DL RRC response message (FFS message) of the D-PUR procedure.
· FFS: RRCEarlyDataComplete.
FFS: When UE initiates RACH/EDT, whether it has D-PUR configuration(s) is not explicitly notified to the network.
EDT cannot be initiated solely for the purpose of sending PUR request in EDT Msg3.
UE is not restricted from initiating RRC Connection for the purpose of sending PUR request (i.e. this agreement has no impact to legacy RRC Connection Establishment / Resume procedures).
L1 ACK:
RAN2 confirm the intention of the previous agreement as follows:
If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle.


[bookmark: OLE_LINK1]After RAN2#107, a D-PUR related email discussion has been assigned, [107#58][NB-IoT/eMTC R16] RRC messages for D-PUR transmission and response for discussion on D-PUR related messages. In this contribution, we will further discuss some remaining issues related to D-PUR procedures.
Discussion
Remaining issues for D-PUR Request
1.1.1 Time domain information in D-PUR Request
Based on the RAN2 agreement, expected D-PUR grant time domain information would be needed in D-PUR resource request, which should be based on the traffic pattern characteristics, and will be used by eNB (maybe together with some other information from NW side, e.g, load status) to decide the time domain information for D-PUR resource configuration. 
Taken into account that many UEs may camp in one cell, and multiple of which may request D-PUR resource simultaneously, if the expected D-PUR grant time domain information in D-PUR request is a strict time occasion (e.g. a certain subframe), it’s highly possible that the multiple UE’s indicated occasions would be conflict (e.g. the resource in same occasion will be requested by multiple UEs, and eNB cannot provide enough resource for all the UEs in the indicated occasion). Moreover, if the configured D-PUR resource does not satisfy the UE’s requirement (e.g. the traffic delay cannot satisfy the requirement), it may not be used by the UE. 
Observation 1: If the expected D-PUR grant time domain information in D-PUR request is a strict time occasion (e.g. a certain subframe), it’s highly possible that the multiple UE’s indicated occasions would be conflict and it is difficult for eNB to configure the D-PUR resource.
Considering that D-PUR is usually used for delay tolerable service, it’s better that the expected D-PUR grant time domain information in the D-PUR request can include the expected start time and maximal tolerate delay. According to such D-PUR request with a certain margin, eNB can configure the D-PUR resource in the time duration of [expected start time, expected start time + maximal tolerate delay] which can easily meet the UE requirements.
Proposal 1: The expected D-PUR grant time domain information in D-PUR request should be a duration, e.g., with an expected start time and a maximal tolerate delay. 
Proposal 1a: eNB should configure the D-PUR resource in the expected time duration of [expected start time, expected start time + maximal tolerate delay].
1.1.2 PUR grant occasions in D-PUR request
RAN2 has agreed D-PUR request can include number of PUR grant occasions with possibility to request infinite. FFS other values. Taken into account the working assumption that counter for D-PUR occasions, i.e., “n”, hasn’t been introduced, “indefinite” or “one-shot” would be the only possible D-PUR configurations. As D-PUR configuration is allocated by eNB according to D-PUR request, we think only one-shot or infinity can be set for number of PUR grant occasions requested.
Proposal 2: The number of PUR grant occasions in D-PUR request can be two values: one-shot or infinity.
1.1.3 D-PUR release in D-PUR request 
RAN2 has agreed UE can request D-PUR release but FFS how. Considering in the following three use cases, it’s necessary for the UE to request D-PUR release:
· UE stays in the D-PUR cell and the traffic pattern ends: UE can request D-PUR release by including explicit release indication in the D-PUR request.
· CP UE moves out the D-PUR cell and perform PRACH procedure in new cell: D-PUR cell ID and UE ID (e.g. S-TMSI) can be provided in the RRC Msg3, and the new eNB can request the D-PUR cell to release the D-PUR resource based on the D-PUR cell ID and UE ID (e.g. S-TMSI).
· UP UE moves out the D-PUR cell and perform PRACH procedure in new cell: the D-PUR cell can release the D-PUR resource once receive the X2/Xn RETRIEVE UE CONTEXT REQUEST message.
We have the following related proposals:
Proposal 3: Different release indication can be used for requesting D-PUR release in different use cases:
· Proposal 3a: An explicit release indication can be included in the D-PUR request to release the D-PUR resource when UE stays in the D-PUR cell and traffic ends.
· Proposal 3b: D-PUR cell ID and UE ID can be provided in the RRC Msg3 to release the D-PUR resource when CP UE moves out the D-PUR cell.
· Proposal 3c: It can be based on eNB implementation to release the D-PUR resource when UP UE moves out the D-PUR cell.
Transmission on preconfigured dedicated resource 
1.1.4 Basic procedures
Once the dedicated resource is preconfigured, the UE can transmit UL information/data on the dedicated resource. In the following figure 1, we give the example procedures for UL transmission over preconfigured dedicated resources in idle mode:


               
(a)                                                                                           (b)
Figure 1. Preconfigured dedicated resources provision 
and successful UL transmission over the preconfigured dedicated resource
If in the step 2, the eNB receives the UL transmission and can identify the UE based on the dedicated resources used by the UE, the eNB would transfer the possible data to core network and send DL ACK for UL transmission to the UE which can also implicitly indicate the UE to stay in idle state (refer to figure 1(a)) or to go to RRC connected state (refer to figure 1(b)) based on whether there are further information/data to be transmitted in UL or DL. The UE can perform the state transition based on the eNB indication.
In a summary, the eNB can response UE with the following different options in different scenarios:
· Scenario 1: To response UE with physical layer indication, e.g., indication in PDCCH in the scenario that no DL data need to be transmitted.
· Scenario 2: To response UE with RRCConnectionRelease/RRCEarlyDataComplete messages in the scenario that there has small DL data transmission, or the preconfigured dedicated resource need to be reconfigured or released;
· Scenario 3: To response UE with RRCConnectionSetup/RRCConnectionResume messages in the scenario that e.g. there has large DL data transmission and fallback to legacy procedure is necessary.
Moreover, after the eNB receives the UL transmission over the preconfigured resource and if the eNB evaluates there may exist TA issue, eNB can also send TA command over the following DL ACK/RRC connection setup message to update UE’s TA information.
Proposal 4: If the eNB receives the UL transmission over the preconfigured dedicated resource and could identify the UE, the eNB would transfer the possible data to core network, send DL ACK for UL transmission to the UE which can also implicitly indicate the UE to stay in idle state or to go to RRC connected state, and update the TA information for the UE, if necessary. 
1.1.5 Remaining FFS for D-PUR procedures
After RAN2 #107meeting, it’s FFS whether the UE can send part of the data using the padding when using the D-PUR resource to send RRCConnectionRequest or RRCConnectionResumeRequest to establish or resume RRC connection. Per our understanding, when UE uses the D-PUR resource to establish or resume RRC connection, the legacy RRC establish/resume procedure or MO-EDT are all possible. And all the procedures can be the same as legacy RRC establish/resume procedure or MO-EDT, only except that the Mag1/Msg2 and contention resolution are not necessary. Moreover, (part of) the data can be sent along with Msg3 of these procedures.
Proposal 5: UE can send part of the data using the padding when using the D-PUR resource to send RRCConnectionRequest or RRCConnectionResumeRequest to establish or resume RRC connection.
For FFS on whether the UE can segment and send part of the data using the D-PUR resource, per our understanding, as the D-PUR resource is dedicated resource, eNB can identify the UE based on the dedicated D-PUR resource and schedule the subsequent DL transmission with dedicated D-PUR RNTI, it’s easy to support data segmentation for the D-PUR transmission.
Proposal 6: UE can segment and send part of the data using the D-PUR resource.

For FFS on how to handle the skip in case of failure (UL or DL), we think the main principle is to keep consistence between UE and eNB. For the D-PUR transmission failure, it maybe UL failure or DL link failure, which UE can hardly differentiate. For eNB side, if it is UL failure, e.g. eNB does not detect the UL transmission, eNB can count it for the “m” counter. If it is DL failure, e.g. eNB has detected the UL transmission, and send the response message, but UE does not receive it, eNB would not count it for the “m” counter. Therefore, for UE side, it’s suggested “m” counter is countered only when UE does not transmit anything over the D-PUR resource, and it is reset once the UE transmit something over the D-PUR resource
Proposal 7: “m” counter is countered only when UE does not transmit anything over the D-PUR resource, and it is reset once the UE transmit something over the D-PUR resource.
For the “m” counter, RAN2 has agreed there would be “m” consecutive missed allocations before release. The value of “m” is FFS. Considering that D-PUR resource configured but not used will waste the radio resource (e.g. the UL resource and the D-PUR RNTI), we think a large “m” consecutive missed allocations is not suitable. Therefore, INTEGER(1, 2,..., 4) or INTEGER(1, 2,..., 8) may be enough.
Proposal 8: The value range of “m” consecutive missed allocations can be INTEGER(1, 2,..., 4) or INTEGER(1, 2,..., 8). 

1.1.6 The value range for the TA timer.
[bookmark: _GoBack]RAN2 has agreed a new TA timer is defined for UEs configured with D-PUR in idle mode. The value range for the TA timer is still FFS and value of “infinity” is possible. Per our understanding, the TA timer in idle mode should be supported to last for many D-PUR periods, or at least can be supported from few minutes to many days. For simplicity, it can be set based on the D-PUR periodicity with IE type “OPTIONAL , -- Need OR”, e.g. the TA Timer can be set to “k” number of D-PUR periodicity. The value range of “k” can be (1, 2, 3, 4,...,16). Moreover, if the TA timer is not configured, the TA validation based on TA Timer would not be performed, then the explicit infinity value is not needed.
Proposal 9: The value range for the TA timer can be (1, 2, 3, 4,...,16) D-PUR periodicity. If it is not configured, the TA validation based on TA timer would not be performed, then the explicit infinity value is not needed.
DL transmission after UL transmission over D-PUR USS 
After UL transmission over the preconfigured dedicated resource, UE will monitor the D-PUR USS for a preconfigured time period to receive ACK for UL transmission. Considering that one of the common traffic patterns is that DL small data transmission (e.g., an application layer acknowledgement for UL transmission) follows the UL transmission, further DL/UL grant can also be scheduled for DL data transmission as the UE already monitors the D-PUR USS. Based on the DL/UL grant, PDSCH/PUSCH reception/transmission can be performed and DL data can be carried over PDSCH, which is like DL part of EDT procedure and could bring benefit for UE power saving.
Proposal 10: DL small data can be scheduled in D-PUR USS after UL transmission over the D-PUR resource.
As agreed in RAN2 #106 meeting, the RNTI used for D-PUR is signalled together with other D-PUR configuration. Taken into account that D-PUR resource is UE specific UL resource, if UE specific RNTI is used for D-PUR, dedicated DL/UL transmission can be used during D-PUR procedure and contention resolution mechanism is not necessary, and new RNTI allocation is not needed during D-PUR transmission procedure, which can improve the D-PUR transmission efficiency.
Proposal 11: The RNTI used for D-PUR is UE specific RNTI. 
It has been agreed in RAN2 #107 meeting that after reception of D-PUR transmission, the eNB can move the UE to RRC connection by RRCConnectionSetup message or RRCConnectionResume message. In the legacy procedure, C-RNTI for RRC_CONNECTED is provided in RAR during PRACH procedure. Considering that PRACH procedure is not performed in D-PUR procedure, there has no chance to provide C-RNTI for RRC_CONNECTED if UE is fall backed to RRC_CONNECTED from D-PUR procedure. 
Taken into account that the D-PUR RNTI in D-PUR configuration is pre-configured, it should only be valid in a certain duration for NW capacity. If the UE is fall backed to RRC_CONNECTED from D-PUR procedure and keep using the D-PUR RNTI for a long time (e.g. the application data transmission is not finished during the D-PUR RNTI valid duration), it may be highly possible the pre-configured D-PUR RNTI conflicts with other UE’s RNTI. Therefore, it’s necessary to allocate a new C-RNTI for RRC_CONNECTED when UE is fall backed to RRC_CONNECTED from D-PUR procedure.
Proposal 12: Explicit C-RNTI for RRC_CONNECTED state should be configured to UE when the eNB fallback the D-PUR procedure and move the UE to RRC_CONNECTED state.
MME awareness of D-PUR configuration
If the D-PUR occasion (e.g. time domain information) can be sent to MME, MME can avoid sending paging just before the D-PUR occasion. The DL data can be scheduled when the UE monitors the DL D-PUR resources. With this way, paging and extra PRACH procedure can be avoided, that is good for UE power saving. RAN2 can corporate with RAN3/SA2 on this issue and solution. 
Furthermore, taken into account that TA should be valid and UE should be usually stationary for the D-PUR procedure, once MME aware that the UE is configured with D-PUR resource, MT-EDT procedure can also be used for the UE (e.g. only paging the UE in a certain cell with data packet, or paging the UE in the D-PUR USS duration when the PDCCH can be scrambled with UE Specific D-PUR RNTI), which can improve the DL data transmission efficiency. 
Proposal 13: It’s suggested that eNB provides the time occasion of the D-PUR USS to MME once the D-PUR resource is configured to the UE in order to help MME trigger DL data transmission in a more suitable way.
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: If the expected D-PUR grant time domain information in D-PUR request is a strict time occasion (e.g. a certain subframe), it’s highly possible that the multiple UE’s indicated occasions would be conflict and it is difficult for eNB to configure the D-PUR resource.
Proposal 1: The expected D-PUR grant time domain information in D-PUR request should be a duration, e.g., with an expected start time and a maximal tolerate delay.
Proposal 1a: eNB should configure the D-PUR resource in the expected time duration of [expected start time, expected start time + maximal tolerate delay].
Proposal 2: The number of PUR grant occasions in D-PUR request can be two values: one-shot or infinity.
Proposal 3: Different release indication can be used for requesting D-PUR release in different use cases:
· Proposal 3a: An explicit release indication can be included in the D-PUR request to release the D-PUR resource when UE stays in the D-PUR cell and traffic ends.
· Proposal 3b: D-PUR cell ID and UE ID can be provided in the RRC Msg3 to release the D-PUR resource when CP UE moves out the D-PUR cell.
· Proposal 3c: It can be based on eNB implementation to release the D-PUR resource when UP UE moves out the D-PUR cell.

Proposal 4: If the eNB receives the UL transmission over the preconfigured dedicated resource and could identify the UE, the eNB would transfer the possible data to core network, send DL ACK for UL transmission to the UE which can also implicitly indicate the UE to stay in idle state or to go to RRC connected state, and update the TA information for the UE, if necessary. 
Proposal 5: UE can send part of the data using the padding when using the D-PUR resource to send RRCConnectionRequest or RRCConnectionResumeRequest to establish or resume RRC connection.
Proposal 6: UE can segment and send part of the data using the D-PUR resource.
Proposal 7: “m” counter is countered only when UE does not transmit anything over the D-PUR resource, and it is reset once the UE transmit something over the D-PUR resource.
Proposal 8: The value range of “m” consecutive missed allocations can be INTEGER(1, 2,..., 4) or INTEGER(1, 2,..., 8). 
Proposal 9: The value range for the TA timer can be (1, 2, 3, 4,...,16) D-PUR periodicity. If it is not configured, the TA validation based on TA timer would not be performed, then the explicit infinity value is not needed.
Proposal 10: DL small data can be scheduled in D-PUR USS after UL transmission over the D-PUR resource.
Proposal 11: The RNTI used for D-PUR is UE specific RNTI. 
Proposal 12: Explicit C-RNTI for RRC_CONNECTED state should be configured to UE when the eNB fallback the D-PUR procedure and move the UE to RRC_CONNECTED state.
Proposal 13: It’s suggested that eNB provides the time occasion of the D-PUR USS to MME once the D-PUR resource is configured to the UE in order to help MME trigger DL data transmission in a more suitable way.
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