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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~#105 meeting, 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).


[bookmark: OLE_LINK1]In RAN1 #94~#96 meeting, based on the contributions, the following agreements have been achieved:
	RAN1#94 agreements:
Agreement
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed
Agreement 
Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.
Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· If supported, details of HARQ design including the number of HARQ processes;
· Whether ACK/NACK is necessary
Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.
RAN1#94bis agreements:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell RSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Agreement
Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
· PUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 
Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
· PUSCH resource is at least time-frequency resource
· CFS PUR is contention-free 
Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
· PUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)
Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether more than one HARQ processes are supported
· FFS: The design of the corresponding MPDCCH search space
Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.
Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.
Agreement
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria
Agreement
Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.
RAN1#95 agreements:
Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement
If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· FFS: if multi-TB grant is enabled/supported

Agreement 
In idle mode, at least the following TA validation attributes are supported:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
· Based on RSRP measurement definition in existing Rel-15 TS36.214
Include in LS to RAN2, RAN4 to consider in their work. 

Agreement
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Include in LS to RAN2, RAN4
For further study:
TA validation attributes:
· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell

Agreement
Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space
· FFS: Details on the search space (for example USS, CSS)

Agreement
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.

Agreement
For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 
Include in LS to RAN2, RAN4.

Agreement 
Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS. The LS is endorsed in R1-1813778
RAN1#96 agreements:
Agreement
When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.
Agreement
For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration.
· PUR search space is the search space where UE monitors for NPDCCH
· FFS: Whether PUR search space is common or UE specific
Agreement
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  
Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute
Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported
Agreement
When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA
Agreement
In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:
· Timing advance adjustment 
· UE TX power adjustment
· FFS: Repetition adjustment for NPUSCH
FFS: Whether the above update is done in L1 and/or higher layer
Agreement
In idle mode, the PUR search space configuration includes at least the following: 
· NPDCCH repetitions and aggregation levels 
· NPDCCH starting subframe periodicity (variable G)
· Starting subframe position (alpha_offset)
Agreement
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
· Legacy DMRS pattern


Based on the agreements, dedicated preconfigured uplink resources in idle mode with valid TA timing would be specified with priority. Such dedicated resources can be indicated by RRC signaling and at least UE-specific RRC signaling is supported.
In this contribution, we will further discuss the detailed issues related to DL transmission over preconfigured dedicated resource in idle mode.
Discussion
RRC state in the preconfigured dedicated resource for DL transmission 
Similar with the EDT procedure, in basic D-PUR transmission procedure, the UE should always be in idle state. After UL transmission over D-PUR, UE should monitor the DL ACK for UL transmission. Therefore, a PDCCH search space or even UE specific RNTI (e.g. C-RNTI) would be needed for D-PUR resource used by UE in RRC_IDLE. Considering that DL ACK may not arrive immediately, UE should be allowed to monitor PDCCH for a time period. But for UE power saving, this time period cannot be too long. In a summary, a time period should be pre-configured for UE to monitor the DL ACK for UL transmission (e.g. the maximal D-PUR PDCCH monitoring duration).
Proposal 1: The UE should be in idle state in basic D-PUR procedure and monitor PDCCH for receiving DL ACK for a time period after UL transmission over D-PUR.
Even a D-PUR USS monitoring duration is configured, if there will have no further data transmission (e.g. eNB receives BSR=0 or knows there has no other DL data), eNB can indicate UE to earlier stop the D-PUR USS monitoring (e.g. by physical layer DCI) or even UE itself can automatically stop monitoring D-PUR USS. Such earlier stop of D-PUR USS monitoring can decrease meaningless PDCCH monitoring and save UE power as much as possible. 
Proposal 2: Earlier stop of D-PUR USS monitoring should be supported.

D-PUR USS monitoring and DL transmission 
1.1.1 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 3: DL small data can be scheduled in D-PUR USS after UL transmission over the D-PUR resource.

Taken into account that the UE specific RNTI in D-PUR resource is only valid during D-PUR USS monitoring duration and there may have the scenario in which one or more DL data need to be transmitted after UL transmission over D-PUR, the DL/UL transmission procedure may need more time than the D-PUR USS monitoring duration. In such case eNB could fallback the D-PUR procedure to legacy RRC establishment or resumption procedure, e.g., to move the UE to RRC_CONNECTED state, like that in EDT procedure. 
Proposal 4: The eNB should be allowed to fallback the D-PUR procedure to legacy RRC establishment or resumption procedure and move the UE to RRC_CONNECTED state.
In order to fallback the D-PUR procedure to RRC_CONNECTED state, EDT fallback procedure can be seen as a baseline. Considering that RRC Message 3 is not necessary for D-PUR (e.g. ue-Identity, establishmentCause, and UE capability information included in RRC message 3 are all not necessary for D-PUR procedure), and UE context should be stored in UE and eNB for D-PUR procedure, once eNB decides to perform fallback after receiving UL transmission, eNB can send RRCConnectionReconfiguration messages to UE to trigger the fallback procedure.
Proposal 4a: The eNB can fallback the D-PUR procedure and move the UE to RRC CONNECTED state by sending RRCConnectionReconfiguration message.
If eNB fallback the D-PUR to RRC CONNECTED state, how to allocate the C-RNTI which the UE can use in RRC_CONNECTED state should be considered. In legacy procedure, the C-RNTI comes from the temporary C-RNTI allocated in RAR, and it cannot be reconfigured or re-allocated during RRC_CONNECTED state. Taken into account there will have no PRACH procedure, and no temporary C-RNTI can be allocated in D-PUR procedure, an explicit C-RNTI configuration for RRC_CONNECTED state would be needed when eNB fallback the D-PUR to legacy RRC CONNECTED state.
Proposal 5: 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.
1.1.2 PDCCH order monitoring over D-PUR USS 
Taken into account that TA maybe invalid in the D-PUR USS Monitoring duration and eNB may want to send downlink data to UE, in which eNB can send PDCCH order over D-PUR USS to trigger the CFRA procedure for TA updating. 
Proposal 6: PDCCH order over D-PUR USS should be supported.
1.1.3 DL data scheduled by D-PUR USS even there has no UL transmission 
Another considerable traffic pattern is that only DL data need to be transmitted even there has no UL transmission. As eNB can configure the D-PUR resource according to the traffic pattern, e.g., configuring D-PUR resource at or just after the possible DL transmission occasion, when the eNB receives the paging from MME just during or a little before the D-PUR USS monitoring duration, eNB can acquire the DL data from MME (or MME can even directly send DL data to eNB) and schedule the DL grant by the D-PUR USS, which can avoid the PRACH procedure for paging response and save UE power. In which case, taken into account that the D-PUR USS Monitoring duration is short, the UE power consumption is not much. And if the D-PUR USS Monitoring duration is long, a second PDCCH search space with longer PDCCH GAP than the D-PUR USS GAP can be used to save UE power. Once the UE detects the PDCCH scrambled by it’s D-PUR RNTI, it begins to monitor the D-PUR USS with the short PDCCH GAP.
Proposal 7: UE needs to monitor D-PUR USS and receive the possible scheduled DL data even when there has no UL transmission over D-PDR.
1.1.4 MME awareness of D-PUR configuration
If MME does not know the time occasion of the D-PUR USS, even the eNB could try to configure D-PUR resource according to the traffic pattern, it’s still difficult to always guarantee that the timing when the MME sends paging is matched with the D-PUR USS monitoring duration. In order to make proposal 3 more feasible, eNB can send the time occasion of the D-PUR USS to MME once the D-PUR resource is configured to UE. According to this information, it’s easy for MME to send paging or DL data to eNB just during or a little before the D-PUR USS monitoring duration.
Taken into account 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, then MT-EDT procedure can 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 duuration when the PDCCH can be scrambled with UE Specific D-PUR RNTI), which can improve the DL data transmission efficiency. 
Proposal 8: eNB needs to provide the time occasion of the D-PUR USS to MME once the D-PUR resource is configured to the UE.
Preconfigured dedicated resource release triggered by eNB 
Taken into account that the network congestion may occur, or eNB may find the UE traffic pattern change, it is necessary to support the preconfigured dedicated resource release or reconfiguration triggered by eNB. 
[bookmark: _GoBack]Based on the agreement in RAN2#104, the eNB could configures the dedicated preconfigured uplink resources via RRC dedicated signaling, we have the proposal that the RRC release message could be used for configuring the dedicated preconfigured resources in [3]. We think such RRC release message can also be used for release or reconfiguration of D-PUR resource. Generally, such release message is referred to the release procedure in the last RRC connection. That means such release or reconfiguration can only occur during the RRC state transition from RRC_CONNECTED to RRC_IDLE. If the UE always uses D-PUR and keeps in RRC_IDLE, there may have no change for the eNB to release the D-PUR resource unless the eNB deliberately pages the UE. It’s obvious that deliberate paging would be undesired as it will cause more UE power.
In order to provide more chances for eNB to release or reconfigure D-PUR resource, and also refer to the proposal to 4, we think the current EDT procedure can also be used. That is, DL RRC release message can also be scheduled in D-PUR USS after UL transmission over the D-PUR resource.
No matter DL RRC release message is sent during the RRC state transition from RRC_CONNECTED to RRC_IDLE or in D-PUR USS after UL transmission over the D-PUR resource, it can indicate the following meanings:
· If no preconfigured UL dedicated resources information is carried in the DL RRC release message, it implies that the D-PUR resource (pre-configured at earlier stage) is released;
· If new preconfigured UL dedicated resources information is carried in the DL RRC release message, it implies that the D-PUR resource pre-configured at earlier stage is reconfigured; 
· An indication of continue using the D-PUR resource could be carried in the DL RRC release message and implies that the D-PUR resource pre-configured at earlier stage is kept.
Proposal 9: DL RRC release message could be used by eNB to release or reconfigure the D-PUR resource. 

Conclusions
In this contribution, we make the following proposals:
Proposal 1: The UE should be in idle state in basic D-PUR procedure and monitor PDCCH for receiving DL ACK for a time period after UL transmission over D-PUR.
Proposal 2: Earlier stop of D-PUR USS monitoring should be supported.
Proposal 3: DL small data can be scheduled in D-PUR USS after UL transmission over the D-PUR resource.
Proposal 4: The eNB should be allowed to fallback the D-PUR procedure to legacy RRC establishment or resumption procedure and move the UE to RRC_CONNECTED state.
Proposal 4a: The eNB can fallback the D-PUR procedure and move the UE to RRC CONNECTED state by sending RRCConnectionReconfiguration message.
Proposal 5: 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 6: PDCCH order over D-PUR USS should be supported.
Proposal 7: UE needs to monitor D-PUR USS and receive the possible scheduled DL data even when there has no UL transmission over D-PDR.
Proposal 8: eNB needs to provide the time occasion of the D-PUR USS to MME once the D-PUR resource is configured to the UE.
Proposal 9: DL RRC release message could be used by eNB to release or reconfigure the D-PUR resource.
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