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1 Introduction

The WID of Rel-16 enhancements for NB-IoT and for eMTC were approved in RAN#80 [1] [2]. In which, the following objective is included:
	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 RAN1#94 meeting[3], the following agreements are approved, which mainly focus on idle mode UE:
	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.


In RAN1#94bis meeting, the following agreements are approved:

	Agreement

In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):

· 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)

Note that UE power consumption should be taken into account for the FFS attributes

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.


In RAN2#103bis meeting[4], the following agreements are approved:

	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


Based on the agreements, dedicated preconfigured uplink resources in idle mode with valid TA timing would be focused on and 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 discuss the detailed issues related to UL transmission over preconfigured dedicated resource in idle mode.

2 Discussion
2.1 Use case for preconfigured dedicated resource in idle mode

Based on the RAN1 agreements, dedicated preconfigured UL resource is defined as a PUSCH resource used by a single UE, which is a contention-free time-frequency resource. Thus, the dedicated preconfigured UL resource in idle mode can be used only when the following conditions are met:
· The UE should be stationary. For mobility UE, the preconfigured dedicated resource may be invalid if the CEL changes or the serving cell changes, and it may be difficult to maintain the valid TA.
· The traffic pattern should be deterministic, so that it’s feasible to pre-configure the dedicated resource time domain position. E.g., the traffic should be periodic or at least eNB can be aware of the timing for transmission.
· The UE context (e.g. UE identity and preconfigured dedicated resource information etc.) could be stored both in eNB and UE, so that the eNB can identify the UE based on the preconfigured dedicated resource. 
Proposal 1: The dedicated preconfigured UL resource in idle mode would be suitable to be used in the use cases that the UE is stationary, the traffic pattern is deterministic, and the UE context is stored in both eNB and UE.

2.2 Pre-conditions for determining the preconfigured dedicated resource in idle mode

There has some necessary information for the eNB to determine whether and how to configure preconfigured 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 [5]. Once the Subscription Based UE Differentiation Information indicates that the UE is stationary, the UE should usually be stationary except some abnormal corner cases (e.g. the serving cell is shut down, the UE is moved abnormally etc.). On one hand, to capture these corner cases for eNB will inevitably cause extraordinary UE power consumption (e.g. UE should forwardly report the related event once the abnormal corner case occurs). Furthermore, even the eNB can capture these corner case, eNB can only cancel or reconfigure the preconfigured dedicated resource, and/or update the TA info. Thus an extra RRC establishment procedure will be triggered to maintain the preconfigured dedicated resource (e.g even there has no user data to be sent currently), which also inevitably causes extraordinary UE power consumption. On the other hand, if an abnormal movement occurs for a stationary UE, the UE can follow a legacy or EDT procedure for data transmission, or fallback to a legacy or EDT procedure once the transmission over the preconfigured dedicated resource fails, and eNB can update the preconfigured dedicated resource and TA info during the data transmission procedure. 

In a summary, eNB can decide whether to configure the preconfigured dedicated resources for UE in idle mode only based on the Subscription Based UE Differentiation Information.

Proposal 2: eNB can decide whether to configure the preconfigured dedicated resources for a UE in idle mode based on the Subscription Based UE Differentiation Information.

In order to preconfigure the dedicated resource, data volume information is needed to decide the resource size (e.g. TBS size). However, even Subscription Based UE Differentiation Information has been introduced in R15 specification as the following table [5], we can see that there has no the data volume information in it. Then eNB cannot know the data volume or message size to be transmitted on the preconfigured dedicated resource. 

	9.2.yyy
Subscription Based UE Differentiation Information

This IE is generated by the MME based on the UE subscription information, it provides the Subscription Based UE differentiation Information.

IE/Group Name

Presence

Range

IE type and reference

Periodic Communication Indicator

O

ENUMERATED(periodically, on demand, …)
Periodic Time

O

INTEGER (1..3600, …)
Scheduled Communication Time

0..1

>>Day of Week

O

BIT STRING (SIZE(7))
>>Time of Day Start

O

INTEGER (0..86399, …)

>>Time of Day End

O

INTEGER (0..86399, …)

Stationary Indication

O

ENUMERATED(stationary, mobile, …)
Traffic Profile

O

ENUMERATED(single packet, dual packets, multiple packets, …) 
Battery Indication

O

ENUMERATED(battery powered, battery powered not rechargeable or replaceable, not battery powered, …)



Observation 1: Even the UE differentiation information has been introduced in R15 specification, as there has no data volume or message size information, the network still has no way to obtain the size of the preconfigured dedicated resource.

Proposal 3: In order to determine the size of preconfigured dedicated resource, the data volume or message size information to be transmitted over the preconfigured dedicated resource should be provided.

Proposal 3a: It’s suggested to introduce the data volume or message size information of the UE traffic in the Subscription Based UE Differentiation Information.
2.3 How to identify the validity of the preconfigured dedicated resource  

Whether the preconfigured dedicated resource in idle mode is always valid mainly depends on the following aspects:

· Whether a valid TA is maintained

· Whether the UE is still in the serving cell and the CEL, or whether the UE is moved.

Per our understanding, the following factors in the implementation would have impacts on TA maintenance:
· The distance between UE and eNB: Since timing advance is mainly calculated based on the distance between UE and eNB, when the change of the distance is out of the protection scope of CP (e.g. CyclicPrefix), the previously stored value of timing advance is no longer valid and the UL synchronization of UE cannot be maintained. 

· Multipath delay: The multipath delay change of multipath channel between UE and the eNB will also affect the value of timing advance.

· UE chipset crystal oscillator: The crystal oscillator drift will have an impact on UE timing advance. Without adjustment, the accumulation of the crystal oscillator drift will lead to the timing drift.

Based on the Proposal 1, preconfigured dedicated resource in idle mode would be more suitable for the use cases with stationary UE. In such use cases, the distance between UE and eNB is fixed, and the multipath delay is usually constant except the radio condition may change (this will be discussed later). Then the first two factors having impacts on TA maintenance can be ignored for the preconfigured dedicated resource.

Observation 2: The first two factors having impacts on TA maintenance, e.g., the change of distance between UE and eNB, and the change of multipath delay, can be ignored in most scenarios for the preconfigured dedicated resource when it is configured in the use cases with stationary UEs.

For UE chipset crystal oscillator, it mainly depends on the chipset performance. However, an accurate timing reference from network can be helpful to overcome the possible shortage of chipset. In R15 LTE, a TimeReferenceInfo-r15 info has already been provided in SIB16, which can improve the UE timing to 1/4 µs (about 6.78 Ts). Such accuracy is less than one unit of TA adjustment (e.g 16 Ts) and can help to address the TA fluctuation caused by UE chipset crystal oscillator. Then the history TA information can be used for UL transmission over preconfigured dedicated resource for UE in idle mode.

Observation 3: For stationary UE, with the assistance of TimeReferenceInfo-r15, the history TA information can be used for UL transmission over preconfigured dedicated resource for UE in idle mode.

With requirement for being stationary and assistance of time reference information from eNB, the UE can perform UL transmission over preconfigured dedicated resources with history TA in most cases. But there still may have some abnormal cases (e.g. abnormal movement for a stationary UE). In fact, even the abnormal movement occurs for a stationary UE, preconfigured resource in idle mode can still be used so long as the serving cell and CEL do not change and the TA timing can still works.
However, if the serving cell or CEL changes, the preconfigured resource in idle mode would not be used. As serving cell or CEL changes can be easily identified by UE, no specification change for explicitly disabling the preconfigured resources is needed. 

For another abnormal case that the serving cell and CEL do not change, but the TA timing does not work, it’s difficult for UE to identify it unless a transmission is performed. In which case, UE can only attempt for transmission on the preconfigured resource in idle mode when the data is coming. Once the transmission fails, the UE can fallback to legacy or EDT procedure.
So, for stationary UE, the judgement on whether the preconfigured resource is still valid in some abnormal cases can be left to UE implementation.  

Observation 4: The judgement on whether the stationary UE is really stationary and whether the preconfigured resource is still valid in some abnormal cases can be left to the UE implementation.

2.4 Information included in the preconfigured dedicated resource 

For 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), and the DL PDCCH search space are essential ones. Furthermore, the time occasion 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 occasion 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 one transmission per day or per 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 occasion 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 transmission is lost (may because of invalid TA) and no DL response is received, a timer is also needed which can be started just after the transmission. Once the timer expires, the UE could fall back to the legacy NPRACH procedure and release the preconfigured dedicated resources. 

Proposal 4: It’s suggested that the preconfigured UL dedicated resources should include the carrier information, UL grant information, DL PDCCH search space, taking effect time point information for the resources, timer for waiting transmission response, etc.

2.5 How to provide the preconfigured dedicated resource 

Taken into account that the dedicated resource is preconfigured for service with some fixed communication pattern, the resource configuration will not change frequently. Furthermore, the configuration information may be too large to be carried on PDCCH DCI, RRC message would be preferred for carrying all the related information.  

As the preconfigured dedicated resources would be used by the UE in idle mode, the suitable timing for such UE-specific resources configuration would be the release procedure of the last RRC connection (including RRC connection failure case). That means, the preconfigured dedicated resources information can be carried on the RRC message for transferring the UE to idle state, e.g., RRCConnectionRelease, RRCConnectionReject, or RRCEarlyDataComplete.

Proposal 5: The preconfigured UL dedicated resources information should be carried on the DL RRC message used in the release procedure (including RRC connection failure case) of the last RRC connection, e.g., RRCConnectionRelease, RRCConnectionReject, or RRCEarlyDataComplete.

2.6 Whether DL data can be carried on the DL ACK message 

Taken into account that in many traffic patterns, e.g. there generally would have DL small data transmission following the UL transmission over the preconfigured dedicated resource, we suggest to support that small DL data are carried over the DL message which acknowledges the UL transmission over the preconfigured dedicated resource.

Proposal 6: DL small data can be carried over the DL message which acknowledges the UL transmission over the preconfigured dedicated resource.

2.7 RRC state transition during transmission over the preconfigured dedicated resource

Similar with the EDT procedure, the UE should be in idle state for transmission over the preconfigured dedicated resource. But taken into account that PRACH procedure is not involved in the transmission over the preconfigured dedicated resource, and the PDCCH period for RA may not match the transmission over the preconfigured dedicated resource, the CSS_RA is not suitable for transmission over the preconfigured dedicated resource. Taken into account that the UE specific resource (e.g. dedicated resource) is configured, an UE specific search space can also be configured for the UE to match the transmission over the preconfigured dedicated resource.

Proposal 7: UE should be in idle state for transmission over the preconfigured dedicated resource, but an USS can be used.

According to proposal 6, we can assume there have the scenarios in which one or more DL data would be transmitted after UL transmission over preconfigured dedicated resource. Then we think it’s better to also support the procedure for the eNB to transfer the UE into RRC_CONNECTED state, like that in EDT. 
Proposal 8: It’s suggested to support the procedure for the eNB to transfer the UE to RRC_CONNECTED state during or after UL transmission over the preconfigured dedicated resource.

2.8 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:
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Figure 1. Preconfigured dedicated resources provision 

and successful UL transmission over the preconfigured dedicated resource
If 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 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, if the eNB evaluates there may exist TA issue, eNB can also send TA command over the following DL transmission confirm/RRC connection setup message to update UE’s TA information.

Proposal 9: If the eNB receives the UL transmission over the preconfigured dedicated resource and identify the UE, the eNB would transfer the possible data to core network, 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 1, one of the conditions of using preconfigured dedicated resource would be storing the UE context. With 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 10: The UL transmission over the preconfigured dedicated resource would be sent over SRB1 or DRB.

In current specification, for CP solution, UE and eNB do not store the UE context. Based on the above analysis, for preconfigured dedicated resource scheme, storing the UE context should be necessary in order to associate the UE identity with the dedicated resource. So the CP solution should be improved. Since the AS security context is not needed in CP solution, only the following information is essential for CP solution to be stored: UE identity (including NAS identity, C-RNTI and ResumeIdentity-kind information), preconfigured dedicated resource, SRB1 info, TA information, RRC configuration etc. Optionally, UE Radio Capability and UE level QoS Parameters can also be stored to avoid the need of retrieving them from MME.

Proposal 11: For CP solution supporting preconfigured dedicated resource, the following UE context information should be stored both in UE and eNB: UE identity, preconfigured dedicated resource, SRB1 info, TA information, RRC configuration etc.

Taken into account that eNB can identify the UE based on the preconfigured dedicated resource, UE identity is not necessary to be transmitted over the preconfigured dedicated resource. Then, the user data PDU(e.g. for CIOT UP solution) or ULInformationTransfer(e.g. for CIOT CP solution) message can be directly transmitted over the preconfigured dedicated resource. 

Proposal 12: The user data PDU or ULInformationTransfer-kind message is transmissted over the preconfigured dedicated resource (e.g. the RRC Msg3 is not involved). 

Once the eNB receives the information transmitted over the preconfigured dedicated resource, the eNB can response it by indication in PDCCH(e.g. no DL data transmission), RRCConnectionRelease/RRCEarlyDataComplete(e.g. there is samll DL data transmission, or the preconfigured dedicated resource need to be reconfigured or released) or RRCConnectionSetup/RRCConnectionResume(e.g. there is large DL data transmission and fallback to legacy procedure is necessary), the details can be further studied..

Proposal 13: How to response the UL transmission over the preconfigured dedicated resource can be further studied. 
2.9 Preconfigured dedicated resource release or reconfiguration triggered by eNB

Taken into account that the UE traffic pattern may change, it is necessary to support releasing or reconfiguring the preconfigured dedicated resource triggered by eNB. According to the proposal 6, the preconfigured UL dedicated resource information would be carried on the DL RRC release message, the preconfigured UL dedicated resources release or reconfiguration information can also be carried on the DL RRC release message. There have the following possible cases:

· If no preconfigured UL dedicated resources information is carried in the DL RRC release message, it implies that the preconfigured UL dedicated resource(at earlier stage) is released;

· If new preconfigured UL dedicated resources information is carried in the DL RRC release message, it implies that the preconfigured UL dedicated resource is reconfigured; 

· If an indication of continue using the preconfigured UL dedicated resource is carried in the DL RRC release message, it implies that the preconfigured UL dedicated resource is kept

Proposal 14: DL RRC release message is used to carry the preconfigured dedicated resource release or reconfiguration information.
2.10 Preconfigured dedicated resource release triggered by UE

If the CEL or serving cell changes, the preconfigured dedicated resource in idle mode will be invalid. If the UL transmission over the preconfigured dedicated resource in idle mode is lost (may because of invalid TA), and the timer for waiting transmission response expires, the fall back to legacy procedure should be supported. 

That is, UE should support to release the preconfigured resource, trigger legacy random access procedure, and indicate eNB to release the related preconfigured resources in RRC Msg3, the example procedure is as following figure 2.
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Figure 2. UL Transmission failure over the preconfigured dedicated resource and fall back

Proposal 15: If UE detects failure during UL transmission over the preconfigured dedicated resource in idle mode, the UE should release the preconfigured dedicated resources, fallback to legacy random access procedure and also indicate eNB to release the preconfigured dedicated resources.

2.11 Preconfigured dedicated resource protection

In order to avoid that the preconfigured resource is “dead”, e.g the resource is preconfigured, but there has no transmission over it for a long time, it’s necessary to introduce a preconfigured dedicated resource protection scheme. For example, a counter can be considered, e.g., if the dedicated resource occurs but not be used, the counter would be added. Once the resource is used, the counter can be set to zero. If the counter number is over a threshold, the preconfigured resource can be released autonomously.

Proposal 16: A preconfigured dedicated resource protection counter would be introduced to avoid that the preconfigured dedicated resources are not used for a lone time.
3 Conclusions

In this contribution, we have discussed the issues related to UL transmission over preconfigured dedicated resource in idle mode. We make the following observations:

Observation 1: Even the UE differentiation information has been introduced in R15 specification, as there has no data volume or message size information, the network still has no way to obtain the size of the preconfigured dedicated resource.

Observation 2: The first two factors having impacts on TA maintenance, e.g., the change of distance between UE and eNB, and the change of multipath delay, can be ignored in most scenarios for the preconfigured dedicated resource when it is configured in the use cases with stationary UEs.

Observation 3: For stationary UE, with the assistance of TimeReferenceInfo-r15, the history TA information can be used for UL transmission over preconfigured dedicated resource for UE in idle mode.

Observation 4: The judgement on whether the stationary UE is really stationary and whether the preconfigured resource is still valid in some abnormal cases can be left to the UE implementation.
And we make the following proposals for each issues:

#issue 1: Use case for preconfigured dedicated resource

Proposal 1: The dedicated preconfigured UL resource in idle mode would be suitable to be used in the use cases that the UE is stationary, the traffic pattern is deterministic, and the UE context is stored in both eNB and UE.
#issue 2: Pre-conditions for determining the preconfigured dedicated resource

Proposal 2: eNB can decide whether to configure the preconfigured dedicated resources for a UE in idle mode based on the Subscription Based UE Differentiation Information.

Proposal 3: In order to determine the size of preconfigured dedicated resource, the data volume or message size information to be transmitted over the preconfigured dedicated resource should be provided.

Proposal 3a: It’s suggested to introduce the data volume or message size information of the UE traffic in the Subscription Based UE Differentiation Information.
#issue 3: How to identify the validity of the preconfigured dedicated resource

#issue 4: Information included in the preconfigured dedicated resource

Proposal 4: It’s suggested that the preconfigured UL dedicated resources should include the carrier information, UL grant information, DL PDCCH search space, taking effect time point information for the resources, timer for waiting transmission response, etc.
#issue 5: How to provide the preconfigured dedicated resource

Proposal 5: The preconfigured UL dedicated resources information should be carried on the DL RRC message used in the release procedure (including RRC connection failure case) of the last RRC connection, e.g., RRCConnectionRelease, RRCConnectionReject, or RRCEarlyDataComplete.
#issue 6: Whether DL data can be carried on the DL ACK message

Proposal 6: DL small data can be carried over the DL message which acknowledges the UL transmission over the preconfigured dedicated resource.
#issue 7: RRC state transition during transmission over the preconfigured dedicated resource

Proposal 7: UE should be in idle state for transmission over the preconfigured dedicated resource, but an USS can be used.

Proposal 8: It’s suggested to support the procedure for the eNB to transfer the UE to RRC_CONNECTED state during or after UL transmission over the preconfigured dedicated resource.
#issue 8: The procedures of using preconfigured dedicated resource

Proposal 9: If the eNB receives the UL transmission over the preconfigured dedicated resource and identify the UE, the eNB would transfer the possible data to core network, 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 10: The UL transmission over the preconfigured dedicated resource would be sent over SRB1 or DRB.

Proposal 11: For CP solution supporting preconfigured dedicated resource, the following UE context information should be stored both in UE and eNB: UE identity, preconfigured dedicated resource, SRB1 info, TA information, RRC configuration etc.

Proposal 12: The user data PDU or ULInformationTransfer-kind message is transmissted over the preconfigured dedicated resource (e.g. the RRC Msg3 is not involved).

Proposal 13: How to response the UL transmission over the preconfigured dedicated resource can be further studied.
#issue 9: Preconfigured dedicated resource release or reconfiguration triggered by eNB

Proposal 14: DL RRC release message is used to carry the preconfigured dedicated resource release or reconfiguration information.
#issue 10: Preconfigured dedicated resource release triggered by UE

Proposal 15: If UE detects failure during UL transmission over the preconfigured dedicated resource in idle mode, the UE should release the preconfigured dedicated resources, fallback to legacy random access procedure and also indicate eNB to release the preconfigured dedicated resources.
#issue 11: Preconfigured dedicated resource protection

Proposal 16: A preconfigured dedicated resource protection counter would be introduced to avoid that the preconfigured dedicated resources are not used for a lone time.
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