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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 UL transmission over preconfigured dedicated resource in idle mode.
Discussion
Pre-conditions for determining the D-PUR resource in idle mode
There has some necessary information for the eNB to determine whether and how to pre-configure dedicated resources for a UE in idle mode. Whether the UE is stationary and whether the traffic pattern is deterministic can be inferred from the Subscription Based UE Differentiation Information. Once the Subscription Based UE Differentiation Information indicates that the UE is stationary, the eNB can assume the UE is usually stationary except in some abnormal corner cases (e.g. the serving cell is shut down, the UE is moved abnormally etc.). 
In order to handle the abnormal cases, one alternative is to let UE report the related event once the abnormal corner case occurs. After the eNB captures these corner cases, eNB can cancel or reconfigure the preconfigured dedicated resource, and/or update the TA info. Therefore, extra RRC establishment procedures will be triggered for UE to report abnormal cases and for eNB to cancel/reconfigure the preconfigured dedicated resource (e.g even there has no user data to be sent currently), which inevitably causes extraordinary UE power consumption. The other alternative that can reduce such UE power consumption would be, if an abnormal movement occurs for a stationary UE, the UE can directly trigger a legacy or EDT procedure for data transmission and then the eNB can release the preconfigured resource, or if the TA is invalid, the UE can fallback to a legacy or EDT procedure once the data transmission over the preconfigured dedicated resource fails, and then eNB can update the preconfigured dedicated resource and TA info during the data transmission procedure. 
Furthermore, there may have thinking that Subscription Based UE Differentiation Information is only discussed in the NB-IoT WI and it cannot be used for eMTC. But we think the information contents are common for NB-IoT and eMTC so it’s easy to extend the use case of this information to include eMTC. Moreover, in RAN3 specification, this IE has been introduced into most S1 messages such as INITIAL CONTEXT SETUP REQUEST, CONNECTION ESTABLISHMENT INDICATION, UE INFORMATION TRANSFER, HANDOVER REQUEST, PATH SWITCH REQUEST ACKNOWLEDGE, DOWNLINK NAS TRANSPORT etc. We can see that although Handover is not supported in NB-IoT, this Information is already included in HANDOVER REQUEST messages that would make it easier to extend this IE to eMTC. If there has any other concern, we can send an LS to RAN3 and SA2 to check the possible specification impacts if the Subscription Based UE Differentiation Information is reused for eMTC.
In a summary, eNB can decide whether and how to pre-configure the dedicated resources for UE in idle mode only based on the Subscription Based UE Differentiation Information.
Proposal 1: eNB can decide whether and how to pre-configure the dedicated resources for a UE in idle mode based on the Subscription Based UE Differentiation Information.
Proposal 1a: It’s suggested to send a LS to RAN3 and SA2 to check the specification impacts if the Subscription Based UE Differentiation Information is reused for eMTC.
Contents of the preconfigured dedicated resource
For contents of the preconfigured UL dedicated resource, the carrier information (e.g. UL CarrierFreq, DL CarrierFreq), UL grant information (e.g. subcarrier indication, resource assignment, modulation and coding scheme, repetition number etc) are essential ones. Furthermore, the time domain information for dedicated resource taking effect should also be provided (e.g when does the UL dedicated resource take effect).
In current specification, the time domain information can be indicated by H-SFN/SFN/Subframe, but it can only indicate an absolute time within 2.91 hours and is not enough for indicating large time interval which may be needed by the resources configuration for some kind of service, e.g., the service with transmission period of a day or a week etc. Therefore, a much larger time scale should be introduced. For simplicity, absolute time can be used, e.g., with the format of YY:MM:DD:HH, to indicate the time point that the UL dedicated resource would take effect. 
In order to avoid the UE keeping monitoring the PDCCH all the time after transmission on the preconfigured dedicated resource in the case that the UL data transmission is lost (may because of invalid TA) or no DL response is received, a timer is also needed which can be started just after the UL transmission over D-PUR and stop at reception of DL ack. Once the timer expires, the UE would fall back to the legacy NPRACH procedure and release the preconfigured dedicated resources. 
Taken into account that PRACH procedure is not involved in the UL transmission over the preconfigured dedicated resource, and the PDCCH period for legacy random access may not match the transmission over the preconfigured dedicated resource, the CSS_RA is not suitable for DL transmission over the preconfigured dedicated resource. Moreover, as the D-PUR is dedicated resource and is already agreed to be configured by RRC dedicated signaling, we think it’s straightforward to also configure simultaneously a UE specific PDCCH search space (USS for PDCCH monitoring) within the D-PUR resource, which can be identified by a UE specific RNTI.
Since the maximal available number of C-RNTI is only 65539, if a UE specific RNTI is reserved as part of the pre-configured D-PUR resource for a certain UE for long time in the RRC_IDLE state, the UE specific C-RNTI may be quickly exhausted. Thus, the UE specific RNTI within D-PUR resource should only be valid for a certain time period (e.g. preconfigured D-PUR USS monitoring duration). After this time period, the UE specific RNTI can be released and re-allocated to other UEs.
Moreover, according to the agreements in RAN1#95 meeting, a Time Alignment Timer for idle mode and/or Serving cell RSRP change threshold should be configured for determining TA validation, that also need to be included in contents of the preconfigured UL dedicated resource. 
Proposal 2: It’s suggested that contents of the preconfigured D-PUR resource should include the carrier information, UL grant information, taking effect time point information for the resources, timer for waiting transmission response, UE specific RNTI, PDCCH search space identified by UE-specific RNTI (D-PUR USS) and the maximal D-PUR USS monitoring duration, Time Alignment Timer for idle mode and/or Serving cell RSRP change threshold etc.
How to provide the preconfigured dedicated resource
It is already agreed in RAN2 #104 that the eNB configures the preconfigured uplink dedicated resources via RRC dedicated signaling.
Generally, the RRC dedicated signaling which can be considered to carry the dedicated preconfigured uplink resources includes two categories:
· RRC release message (including RRC connection failure case), e.g., RRCConnectionRelease, RRCConnectionReject, and RRCEarlyDataComplete message.
· RRC setup/reconfiguration message, e.g., RRCConnectionSetup, RRCConnectionResume, RRCConnectionReestablishment, and RRCConnectionReconfiguration message. 
As the preconfigured dedicated resources would be used by the UE in idle state, the RRC release message is the last RRC message before UE entering idle state which can carry the preconfigured dedicated resources. Furthermore, the preconfigured dedicated resources configuration should also be supported in EDT procedure, but the RRC setup/reconfiguration message is not involved in EDT procedure. Therefore, the more suitable timing for such UE-specific resources configuration would be the latest RRC release procedure (including RRC connection failure case). In a summary, the preconfigured dedicated resources information can be carried on the RRC release message for releasing the UE to idle state, e.g., RRCConnectionRelease, RRCConnectionReject, or RRCEarlyDataComplete.
Proposal 3: The preconfigured D-PUR resources information should be carried on the RRC release message. e.g., RRCConnectionRelease, RRCConnectionReject, or RRCEarlyDataComplete.
Taken into account that eNB need to identify the UE when the UE sends data on preconfigured dedicated resource and it’s also feasible for the eNB to identity the UE based on the dedicated resource itself, it’s suggest to store the preconfigured dedicated resource configured by RRC release procedure as part of the UE context when the UE in idle state, even for CP solution. And explicit UE identity is not necessary to be transmitted over the preconfigured dedicated resource.
Proposal 4: The preconfigured dedicated resource configured by RRC release procedure should be stored as part of the UE context when the UE in idle state, even for CP solution.
The procedures of using preconfigured dedicated resource 
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 basic procedure example 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.
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 5: 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.
According to proposal 4, the preconfigured dedicated resource should be stored as part of the UE context. With such UE context, it’s possible that the UL transmission over the dedicated resource preconfigured can be sent over SRB1 or DRB, with more flexible scheduling and higher efficiency.
Proposal 6: The UL transmission over the preconfigured dedicated resource should be sent over SRB1 or DRB.
Taken into account that eNB can identify the UE based on the preconfigured dedicated resource, UE identity is not necessary to be transmitted to eNB. Then, the legacy messages for RRC connection setup or resumption would not be needed. The user data (e.g. for CIOT UP solution) or ULInformationTransfer message (e.g. for CIOT CP solution) can be directly transmitted over the preconfigured dedicated resource. 
Proposal 7: The user data or ULInformationTransfer-kind message should be directly transmitted over the preconfigured dedicated resource (e.g. the RRC Msg3 is not involved). 
Once the eNB receives the UL transmission over the preconfigured dedicated resource, the eNB can response UE with the following different options in different scenarios:
· To response UE with physical layer indication, e.g., indication in PDCCH in the scenario that no DL data need to be transmitted.
· To response UE with RRCConnectionRelease/RRCEarlyDataComplete messages in the scenario that there has has small DL data transmission, or the preconfigured dedicated resource need to be reconfigured or released;
· To response UE with RRCConnectionReconfiguration messages in the scenario that e.g. there has large DL data transmission and fallback to legacy procedure is necessary.
Proposal 8: How to response the UL transmission over the preconfigured dedicated resource needs to be further studied with consideration on different scenarios. 
Preconfigured dedicated resource release request by UE
If CEL changes or cell reselection occurs (e.g. triggered by UE movement), the D-PUR resource would become invalid and cannot be used by UE anymore. Therefore the UE needs a way to request the UL resource release so that the resource doesn’t remain unused. 
If the serving cell or CEL changes, the preconfigured dedicated resource in idle mode will be invalid. In this case, if UE implicitly releases the D-PUR resource by itself, as the eNB cannot aware the UE movement in idle mode except TAU procedure, the D-PUR resource in eNB will be “dead”. At least the UE needs to explicitly request eNB to release the D-PUR resource. However, if such explicit release is performed immediately after serving cell change, a PRACH procedure will be triggered which may unnecessarily consume UE power. Therefore, both of UE implicit release and deliberate release are not desired. 
We think the suitable process would be that, UE indicates the eNB to release the original D-PUR resource of the old cell in the next PRACH procedure in the new cell triggered by legacy procedures (e.g. paging, UL data transmission etc), e.g., the release request is carried in the Msg3 in the next time service transmission/reception procedure. Compared with immediate release, in which more random access procedures will be triggered in target cell and cause more signaling overhead, we assume only one D-PUR resource allocation in source cell would be wasted for such non-immediate release.
We think in this case, fallback to legacy procedure for data transmission may be needed and release of the D-PUR allocation can be indicated in the fallback procedure. 



Figure 2. Pre-configured resource release after UL transmission over D-PUR failure
[bookmark: _GoBack]Proposal 9: If the serving cell or CEL changes, UE should fallback to legacy random access procedure for data transmission (including EDT procedure) and simultaneously request eNB to release the preconfigured dedicated resources.
According to proposal 9, it’s straightforward to consider using RRC Msg3 in legacy random access procedure. 
Taken into account that UE which has been configured D-PUR resource may perform legacy random access procedure in another cell (e.g. in the case of serving cell change), the D-PUR release request should not only include release indication but also include the cell ID info and UE ID info . 
Furthermore, in RRCConnectionRequest and RRCEarlyDataRequest, InitialUE-Identity(S-TMSI) is already included, only D-PUR cell identity and release indication need to be added. In RRCConnectionResumeRequest, resumeIdentity is already included, only release indication needs to be added. For RRCConnectionReestablishmentRequest, as it’s only used during RRC CONNECTED state, it’s not involved.
Proposal 10: It’s suggested for UE to use RRC Msg3 in legacy random access procedure (including EDT procedure) to request eNB to release the D-PUR resource.
Proposal 10a: D-PUR cell identity and D-PUR release request indication should be introduced in RRCConnectionRequest and RRCEarlyDataRequest message.
Proposal 10b: D-PUR release request indication should be introduced in RRCConnectionResumeRequest message.
Conclusions
In this contribution, we make the following observations and proposals:
Proposal 1: eNB can decide whether and how to pre-configure the dedicated resources for a UE in idle mode based on the Subscription Based UE Differentiation Information.
Proposal 1a: It’s suggested to send a LS to RAN3 and SA2 to check the specification impacts if the Subscription Based UE Differentiation Information is reused for eMTC.
Proposal 2: It’s suggested that contents of the preconfigured D-PUR resource should include the carrier information, UL grant information, taking effect time point information for the resources, timer for waiting transmission response, UE specific RNTI, PDCCH search space identified by UE-specific RNTI (D-PUR USS) and the maximal D-PUR USS monitoring duration, Time Alignment Timer for idle mode and/or Serving cell RSRP change threshold etc.
Proposal 3: The preconfigured D-PUR resources information should be carried on the RRC release message. e.g., RRCConnectionRelease, RRCConnectionReject, or RRCEarlyDataComplete.
Proposal 4: The preconfigured dedicated resource configured by RRC release procedure should be stored as part of the UE context when the UE in idle state, even for CP solution.
Proposal 5: 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 6: The UL transmission over the preconfigured dedicated resource should be sent over SRB1 or DRB.
Proposal 7: The user data or ULInformationTransfer-kind message should be directly transmitted over the preconfigured dedicated resource (e.g. the RRC Msg3 is not involved). 
Proposal 8: How to response the UL transmission over the preconfigured dedicated resource needs to be further studied with consideration on different scenarios. 
Proposal 9: If the serving cell or CEL changes, UE should fallback to legacy random access procedure for data transmission (including EDT procedure) and simultaneously request eNB to release the preconfigured dedicated resources.
Proposal 10: It’s suggested for UE to use RRC Msg3 in legacy random access procedure (including EDT procedure) to request eNB to release the D-PUR resource.
Proposal 10a: D-PUR cell identity and D-PUR release request indication should be introduced in RRCConnectionRequest and RRCEarlyDataRequest message.
Proposal 10b: D-PUR release request indication should be introduced in RRCConnectionResumeRequest message.
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