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[bookmark: _Ref492503575]Introduction
The WI description for additional MTC enhancements for LTE is given in [1]. The WI description for additional NB-IoT enhancements is given in [2]. One of the common objectives of both of the WIs is:
	Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk516687799][bookmark: _Hlk516765211]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 this contribution, we provide our initial thoughts on how to achieve the above goal.
Background
Regarding the objective shown in section 1, RAN1 has agreed upon the following in RAN1#94 for both eMTC and NB-IoT enhancements [3], [4]:
	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.



As shown above, RAN1 has made some initial agreements on defining further direction and scope. Since for RAN2 this is the first meeting for these Rel-16 WIs, in this contribution, we introduce some RAN2 design issues that are relevant to enabling data transmission in pre-configured uplink resources for BL/CE/NB-IoT UEs with a valid TA. We focus on resource assignment, management and release mechanisms, and shed some light on retransmission and fallback to other modes of operation.
One of the agreements from RAN1 indicates that the initial focus is on Idle mode. 
[bookmark: _Toc525764730][bookmark: _Toc525844868][bookmark: _Toc525845268]RAN1 agreement indicates the initial focus is on IDLE mode UE.  
We think RAN2 should also focus on supporting pre-configured UL in IDLE mode when UE has a valid TA.
[bookmark: _Toc525764734][bookmark: _Toc525822817][bookmark: _Toc525844871][bookmark: _Toc525844898][bookmark: _Toc525844966][bookmark: _Toc525844982][bookmark: _Toc525845000][bookmark: _Toc525845015]UL transmission in pre-configured resources in IDLE mode is supported for UEs with a valid timing advance.
As RAN2 has spent significant time to introduce uplink Early Data Transmission during Rel-15, it is important that RAN2 try to reuse the principles and conclusions of Rel-15 discussion as much as possible. Furthermore, Rel-16 enhancements should be built on top of Rel-15 EDT, instead of the legacy RACH procedure.
[bookmark: _Toc525822818][bookmark: _Toc525844872][bookmark: _Toc525844899][bookmark: _Toc525844967][bookmark: _Toc525844983][bookmark: _Toc525845001][bookmark: _Toc525845016]Rel-15 EDT is the baseline for defining signalling and procedures to support UL transmission in pre-configured resources in IDLE mode.
In the following sections, our discussion focuses on supporting uplink transmission for UE in idle mode. We first discuss on resource configuration aspects, followed by a brief discussion on retransmission and fallback.
Pre-configuration of UL resources for use in IDLE
One of the main aspects of supporting UL transmission in preconfigured resources pertains to such “pre-configuration” of the resources. In legacy LTE, for UEs in connected mode, SPS is an example of preconfigured resources. However, for IDLE mode UEs, no such pre-configuration mechanism exists. 
[bookmark: _Toc525764731][bookmark: _Toc525844869][bookmark: _Toc525845269]No pre-configuration mechanism currently exists for IDLE mode UEs.
[bookmark: _Toc525764732][bookmark: _Toc525844870][bookmark: _Toc525845270]RAN2 needs to study mechanisms to pre-configure UL resources for use in IDLE mode.
Naturally, both dedicated and broadcast-based pre-configuration signalling are possible options. They are discussed in the following sections separately.
RRC-configured resources
For pre-configured resources that are assigned specifically to a UE, the UE-specific configuration should be provided to the UE when UE is in RRC_CONENCTED. RAN2 should discuss which messages/step this configuration should be provided in. 
The resource configuration assigned to the UE may include the time-frequency resource, time duration, periodicity, UE-specific DMRS sequence, etc. The exact details of such resource allocation may be discussed later, which may further be based on further RAN1 agreements.
[bookmark: _Toc525764735][bookmark: _Toc525822819][bookmark: _Toc525844873][bookmark: _Toc525844900][bookmark: _Toc525844968][bookmark: _Toc525844984][bookmark: _Toc525845002][bookmark: _Toc525845017]UE-specific resources for idle-mode uplink data transmission is pre-configured by RRC while the UE is in RRC_CONNECTED. 
One of the options for indicating such resources is in RRC connection release message. However, there may be some challenges such as reliable confirmation that UE has received the release message along with the IDLE mode resource configuration. If there is issue with applying the configuration provided in RRC Connection release message (e.g., the RRC message could not be properly decoded although at PHY layer it was successfully received and ACKed), the network may allocate the UL resources which the UE may not be able to use, resulting in resource wastage.
[bookmark: _Toc525764736][bookmark: _Toc525822820][bookmark: _Toc525844874][bookmark: _Toc525844901][bookmark: _Toc525844969][bookmark: _Toc525844985][bookmark: _Toc525845003][bookmark: _Toc525845018]Discuss how to reliably pre-configure the IDLE mode UL resources.
Modification of pre-configured resources
After the initial assignment of UE-specific resources for uplink data transmission in idle mode, further changes to the resource allocation should be possible.
[bookmark: _Toc525764737][bookmark: _Toc525822821][bookmark: _Toc525844875][bookmark: _Toc525844902][bookmark: _Toc525844970][bookmark: _Toc525844986][bookmark: _Toc525845004][bookmark: _Toc525845019]RRC-based modification of UE-specific pre-configured IDLE mode UL resources is supported.
Release of pre-configured resources
Another important aspect with regards to the management of pre-configured resources for uplink data transmission is the timely release of UE-specific resources when the UE no longer has use for it. Proper resource release mechanism ensures that network overhead from this feature (uplink data transmission in pre-configured resources) is minimized and resources are not wasted. 
It is worthwhile to consider both possibilities:
1. Network-initiated resource release, for example, when the network needs to implement access control and/or load balancing.
2. UE-initiated resource release, for example, when the UE has moved to another cell.
UE-initiated release
For efficient resource management, when the UE determines that it no longer requires the UE-specific pre-configured uplink resources in the cell, UE should be able to communicate this information to the eNB. Such cases may occur when the UE reselects to another cell, for instance, and intends to release its previously allocated resources in the previous (source) cell.
[bookmark: _Toc525764738][bookmark: _Toc525822822][bookmark: _Toc525844876][bookmark: _Toc525844903][bookmark: _Toc525844971][bookmark: _Toc525844987][bookmark: _Toc525845005][bookmark: _Toc525845020]Mechanism for the UE to request release of the UE-specific pre-configured uplink resources is supported.
Network-initiated release
The network may wish to disallow certain UE already in IDLE mode from using their UE-specific pre-configured uplink resources in IDLE mode. Such cases may arise, for example, when the eNB determines that the network is overloaded and it needs to employ some form of  load balancing. To enable this, mechanisms need to be studied, whereby the eNB can indicate to a UE that the UE’s pre-configured resources may no longer be used.
[bookmark: _Toc525764739][bookmark: _Toc525822823][bookmark: _Toc525844877][bookmark: _Toc525844904][bookmark: _Toc525844972][bookmark: _Toc525844988][bookmark: _Toc525845006][bookmark: _Toc525845021]Study mechanisms by which the eNB can de-configure UE-specific pre-configured IDLE mode uplink resources.
SIB-configured resources
For use cases where UEs that do not have a pre-determined data transmission pattern (for example, UEs that do not have periodic data to send), it is beneficial to pre-configure uplink resources that are broadcast to all UEs capable of supporting this feature in the network. Such resources can be indicated in the system information block (SIB). These resources may be used on-demand by the UEs and are inherently contention-based shared resources. 
[bookmark: _Toc525764740][bookmark: _Toc525822824][bookmark: _Toc525844878][bookmark: _Toc525844905][bookmark: _Toc525844973][bookmark: _Toc525844989][bookmark: _Toc525845007][bookmark: _Toc525845022]Shared contention-based pre-configured resources for IDLE mode UL transmission is indicated in SIB.
Retransmission and Fallback
It is also important for any transmission scheme to have a determined course of action when a given transmission fails. It is important to note that the procedures for (HARQ) retransmission and/or fallback to another scheme will depend significantly on whether one is dealing with SIB-configured resources, or RRC-configured UE-specific resources. This is because an RRC-configured UE-specific resource may have an in-built mechanism for contention-resolution (and hence ACK/NACK the transmission) – for example, via a uniquely assigned UE-specific DMRS sequence. On the contrary, corresponding procedures for SIB-configured resources may be more intricate, owing to the possibility of multiple UEs selecting the same DMRS sequences from a pool of DMRSs that are broadcast.
Moreover, procedures for fallback may now involve fallback to either legacy RACH procedure, or a fallback to the Early Data Transmission (EDT).
[bookmark: _Toc525845271]Fallback mechanisms from UL on preconfigured resources to EDT and legacy RACH procedures are required. 
Therefore, we propose:
[bookmark: _Toc525764741][bookmark: _Toc525764742][bookmark: _Toc525822825][bookmark: _Toc525844879][bookmark: _Toc525844906][bookmark: _Toc525844974][bookmark: _Toc525844990][bookmark: _Toc525845008][bookmark: _Toc525845023]Study mechanisms for HARQ retransmissions and fallback to legacy schemes both for transmissions over SIB-configured resources and RRC-configured UE-specific resources. 
Summary 
[bookmark: _GoBack]In this contribution, we discussed some aspects of supporting UL data transmission on pre-configured resources in IDLE mode. Based on the above discussion, we made the following observations:
Observation 1.	RAN1 agreement indicates the initial focus is on IDLE mode UE.
Observation 2.	No pre-configuration mechanism currently exists for IDLE mode UEs.
Observation 3.	RAN2 needs to study mechanisms to pre-configure UL resources for use in IDLE mode.
Observation 4.	Fallback mechanisms from UL on preconfigured resources to EDT and legacy RACH procedures are required.

Based on the discussion and observations, we propose:
Proposal 1.	UL transmission in pre-configured resources in IDLE mode is supported for UEs with a valid timing advance.
Proposal 2.	Rel-15 EDT is the baseline for defining signalling and procedures to support UL transmission in pre-configured resources in IDLE mode.
Proposal 3.	UE-specific resources for idle-mode uplink data transmission is pre-configured by RRC while the UE is in RRC_CONNECTED.
Proposal 4.	Discuss how to reliably pre-configure the IDLE mode UL resources.
Proposal 5.	RRC-based modification of UE-specific pre-configured IDLE mode UL resources is supported.
Proposal 6.	Mechanism for the UE to request release of the UE-specific pre-configured uplink resources is supported.
Proposal 7.	Study mechanisms by which the eNB can de-configure UE-specific pre-configured IDLE mode uplink resources.
Proposal 8.	Shared contention-based pre-configured resources for IDLE mode UL transmission is indicated in SIB.
Proposal 9.	Study mechanisms for HARQ retransmissions and fallback to legacy schemes both for transmissions over SIB-configured resources and RRC-configured UE-specific resources.

References
[1] RP-181878, Revised WID: Additional MTC enhancements for LTE, Ericsson
[2] RP-181674, Revised WID: Additional enhancements for NB-IoT, Huawei
[3] R1-1809672, RAN1#94 Chairman’s notes of AI 6.2.1 Additional MTC Enhancements, Samsung
[4] R1-1809673, RAN1#94 Chairman’s notes of AI 6.2.2 Additional Enhancements for NB-IoT, Samsung
 
Error! Use the Home tab to apply docDCN to the text that you want to appear here.	Confidential and Proprietary – Qualcomm Technologies, Inc.	1
MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION
Error! Use the Home tab to apply docDCN to the text that you want to appear here.	Confidential and Proprietary – Qualcomm Technologies, Inc.	1
MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION
