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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 views on how to achieve the above goal. This document is revision of R2-1814278 considering the discussion and agreements in RAN2#103bis [5] and RAN1#94bis [6] [7].
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.



During RAN2#103bis, following agreements were reached [5]
	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



Furthermore, RAN1#94bis agreed the following (partial list of relevant agreements) [6] [7]:
	Agreement
Dedicated preconfigured UL resource is defined as an (N)PUSCH resource used by a single UE 
· (N)PUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 

Contention-free shared preconfigured UL resource (CFS PUR) is defined as an (N)PUSCH resource simultaneously used by more than one UE
· (N)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 (N)PUSCH resource simultaneously used by more than one UE
· (N)PUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)

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.

Agreement
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)




As shown above, RAN1 has made some agreements on defining different terminologies including:
· Dedicated preconfigured UL resource
· CFS PUR
· CBS PUR
[bookmark: _Toc528843122][bookmark: _Toc528843677][bookmark: _Toc528845553][bookmark: _Toc528851365]RAN1 has defined new terminologies relevant to the UL data transmission on preconfigured resources.
Instead of RAN2 spending time on refining the definitions, we propose that RAN2 adapt the same terminologies and definitions as agreed by RAN1.
[bookmark: _Toc528843127][bookmark: _Toc528843682][bookmark: _Toc528843965][bookmark: _Toc528844042][bookmark: _Toc528845559][bookmark: _Toc528851370][bookmark: _Toc528851605][bookmark: _Toc528868439]RAN2 will reuse the terminologies and definition as agreed by RAN1 for dedicated preconfigured UL resource, CFS PUR and CBS PUR.
As RAN1 and RAN2 have agreed to support at least the transmission in dedicated preconfigured UL resources in IDLE mode for UEs with a valid timing advance (shared resources are FFS), in this contribution, we introduce some RAN2 design issues that are relevant to enabling it for BL/CE/NB-IoT UEs. We focus on resource assignment, management and release mechanisms, and shed some light on retransmission and fallback to other modes of operation.
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][bookmark: _Toc528843129][bookmark: _Toc528843684][bookmark: _Toc528843967][bookmark: _Toc528844044][bookmark: _Toc528845561][bookmark: _Toc528851371][bookmark: _Toc528851606][bookmark: _Toc528868440]Rel-15 EDT is the baseline for defining signalling and procedures to support transmission in preconfigured UL resources in IDLE mode.
Preconfiguration of UL resources for use in IDLE
One of the main aspects of supporting UL transmission in preconfigured resources pertains to such “preconfiguration” 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 preconfiguration mechanism exists. 
[bookmark: _Toc525764731][bookmark: _Toc525844869][bookmark: _Toc525845269][bookmark: _Toc528843124][bookmark: _Toc528843679][bookmark: _Toc528845555][bookmark: _Toc528851366]No preconfiguration mechanism currently exists for IDLE mode UEs.
[bookmark: _Toc525764732][bookmark: _Toc525844870][bookmark: _Toc525845270][bookmark: _Toc528843125][bookmark: _Toc528843680][bookmark: _Toc528845556][bookmark: _Toc528851367]RAN2 needs to study mechanisms to preconfigure UL resources for use in IDLE mode.
Naturally, both dedicated and broadcast-based preconfiguration signalling are possible options. They are discussed in the following sections separately.
RRC-configured resources
As indicated above in section 2, RAN1 has already agreed that “Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.” 
For preconfigured UL 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. 
As captured in RAN1 agreements, the resource configuration assigned to the UE includes at least the time domain resources including periodicity(s), frequency domain resources, TBS(s)/MCS(s). Further, the resources may include time duration, UE-specific DMRS sequence, etc. The exact details of such resource allocation may be discussed later, which may be based on further RAN1 agreements.
[bookmark: _Toc525764735][bookmark: _Toc525822819][bookmark: _Toc525844873][bookmark: _Toc525844900][bookmark: _Toc525844968][bookmark: _Toc525844984][bookmark: _Toc525845002][bookmark: _Toc525845017][bookmark: _Toc528843130][bookmark: _Toc528843685][bookmark: _Toc528843968][bookmark: _Toc528844045][bookmark: _Toc528845562][bookmark: _Toc528851372][bookmark: _Toc528851607][bookmark: _Toc528868441]UE-specific preconfigured UL resources for transmission of data are indicated 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][bookmark: _Toc528843131][bookmark: _Toc528843686][bookmark: _Toc528843969][bookmark: _Toc528844046][bookmark: _Toc528845563][bookmark: _Toc528851373][bookmark: _Toc528851608][bookmark: _Toc528868442]Discuss how to reliably preconfigure the IDLE mode UL resources.
Modification of preconfigured UL resources
After the initial assignment of UE-specific preconfigured UL resources for data transmission in idle mode, further modification to the allocated resources should be possible.
[bookmark: _Toc525764737][bookmark: _Toc525822821][bookmark: _Toc525844875][bookmark: _Toc525844902][bookmark: _Toc525844970][bookmark: _Toc525844986][bookmark: _Toc525845004][bookmark: _Toc525845019][bookmark: _Toc528843132][bookmark: _Toc528843687][bookmark: _Toc528843970][bookmark: _Toc528844047][bookmark: _Toc528845564][bookmark: _Toc528851374][bookmark: _Toc528851609][bookmark: _Toc528868443]RRC-based modification of UE-specific preconfigured UL resources is supported.
Release of preconfigured resources
Another important aspect with regards to the management of preconfigured resources for uplink data transmission is the timely release of UE-specific preconfigured UL resources when the UE no longer has use for it. Proper resource release mechanism ensures that network overhead from this feature 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 preconfigured UL 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 UL resources in the previous (source) cell.
[bookmark: _Toc525764738][bookmark: _Toc525822822][bookmark: _Toc525844876][bookmark: _Toc525844903][bookmark: _Toc525844971][bookmark: _Toc525844987][bookmark: _Toc525845005][bookmark: _Toc525845020][bookmark: _Toc528843133][bookmark: _Toc528843688][bookmark: _Toc528843971][bookmark: _Toc528844048][bookmark: _Toc528845565][bookmark: _Toc528851375][bookmark: _Toc528851610][bookmark: _Toc528868444]Mechanism for the UE to request release of the UE-specific preconfigured UL resources is supported.
Network-initiated release
The network may wish to disallow certain UE which are already in IDLE mode from using the preconfigured UL 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 or access barring. To enable this, mechanisms need to be defined such that the eNB can indicate to a UE or group of UEs that the preconfigured UL resources may no longer be used by the UE(s). It is essential to make sure that such procedure does not require the UE to transit to CONNECTED mode, otherwise the whole objective of power saving is nullified. The exact details of the different potential solutions can be further discussed once RAN2 agreed on the principle.
[bookmark: _Toc525764739][bookmark: _Toc525822823][bookmark: _Toc525844877][bookmark: _Toc525844904][bookmark: _Toc525844972][bookmark: _Toc525844988][bookmark: _Toc525845006][bookmark: _Toc525845021][bookmark: _Toc528843134][bookmark: _Toc528843689][bookmark: _Toc528843972][bookmark: _Toc528844049][bookmark: _Toc528845566][bookmark: _Toc528851376][bookmark: _Toc528851611][bookmark: _Toc528868445]Mechanisms for the eNB to de-configure preconfigured UL resources is supported without needing the UE to enter RRC_CONNECTED. Exact details FFS.
SIB-configured resources
For use cases where UEs do not have a pre-determined data transmission pattern (for example, UEs that do not have periodic data to send), it is beneficial to preconfigure UL resources that are broadcast to all UEs capable of supporting this feature in the network. Such resources can be indicated in the 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][bookmark: _Toc528843135][bookmark: _Toc528843690][bookmark: _Toc528843973][bookmark: _Toc528844050][bookmark: _Toc528845567][bookmark: _Toc528851377][bookmark: _Toc528851612][bookmark: _Toc528868446]Contention-based shared preconfigured UL resource (CBS PUR) for transmission in IDLE mode 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 CBS PUR, or RRC-configured UE-specific resources. This is because an RRC-configured UE-specific preconfigured UL 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).
As shown in section 2 above, RAN1 has agreed to support fallback mechanism to RACH/EDT procedures for UL transmission in preconfigured resource.
[bookmark: _Toc525845271][bookmark: _Toc528843126][bookmark: _Toc528843681][bookmark: _Toc528845557][bookmark: _Toc528851368]Fallback mechanisms from UL transmission on preconfigured resources to EDT and legacy RACH procedures are required, and RAN1 already agreed to support it. 
The aspects to be considered for retransmission include how ACK/NACK is indicated by eNB for the UL transmission, what is the UE behaviour when neither ACK nor NACK is received, etc. For example, in absence of NACK/ACK from the eNB, UE may wait for a certain period (within which it expects to receive any possible response from the eNB) before taking further action. This waiting period may be similar to the “random access response” window in legacy random access. It can be signalled separately from legacy RAR window and possibly configured per CE level. 
UE behaviour needs to be defined upon expiry of the waiting period. For example, the UE may be allowed to retransmit the UL data. How to select the UL resources used for retransmission needs to be specified, e.g., whether the retransmission UL resources is same or different from original transmission.   
Further, the retransmission may involve the UE using a power ramp-up i.e., different transmission attempts may use different—possibly increased tx power.
On the other hand, UE may fallback to EDT/Legacy random access upon expiry of the waiting period. This decision may be based on the number of retransmissions, the power-level used at the UE exceeding a certain threshold, etc.
In summary, it is clear that there are various aspects that need to be discussed and specified to support the retransmissions and fallback mechanisms. 
[bookmark: _Toc528845558][bookmark: _Toc528851369]Supporting retransmissions and fallback involves discussion on various aspects and scenarios.
Therefore, we propose that RAN2 take the following agreement as starting point for further discussion on this aspect:
[bookmark: _Toc525764741][bookmark: _Toc525764742][bookmark: _Toc525822825][bookmark: _Toc525844879][bookmark: _Toc525844906][bookmark: _Toc525844974][bookmark: _Toc525844990][bookmark: _Toc525845008][bookmark: _Toc525845023][bookmark: _Toc528843136][bookmark: _Toc528843691][bookmark: _Toc528843974][bookmark: _Toc528844051][bookmark: _Toc528845568][bookmark: _Toc528851378][bookmark: _Toc528851613][bookmark: _Toc528868447][bookmark: _GoBack]Mechanisms for HARQ retransmissions and fallback to RACH/EDT procedures for transmissions over CBS PUR and UE-specific preconfigured UL resources are supported. Exact details FFS. 
Summary 
In this contribution, we discussed some aspects of supporting UL data transmission on preconfigured resources in IDLE mode. Based on the above discussion, we made the following observations:
Observation 1.	RAN1 has defined new terminologies relevant to the UL data transmission on preconfigured resources.
Observation 2.	No preconfiguration mechanism currently exists for IDLE mode UEs.
Observation 3.	RAN2 needs to study mechanisms to preconfigure UL resources for use in IDLE mode.
Observation 4.	Fallback mechanisms from UL transmission on preconfigured resources to EDT and legacy RACH procedures are required, and RAN1 already agreed to support it.
Observation 5.	Supporting retransmissions and fallback involves discussion on various aspects and scenarios.

Based on the discussion and observations, we propose:
Proposal 1.	RAN2 will reuse the terminologies and definition as agreed by RAN1 for dedicated preconfigured UL resource, CFS PUR and CBS PUR.
Proposal 2.	Rel-15 EDT is the baseline for defining signalling and procedures to support transmission in preconfigured UL resources in IDLE mode.
Proposal 3.	UE-specific preconfigured UL resources for transmission of data are indicated by RRC while the UE is in RRC_CONNECTED.
Proposal 4.	Discuss how to reliably preconfigure the IDLE mode UL resources.
Proposal 5.	RRC-based modification of UE-specific preconfigured UL resources is supported.
Proposal 6.	Mechanism for the UE to request release of the UE-specific preconfigured UL resources is supported.
Proposal 7.	Mechanisms for the eNB to de-configure preconfigured UL resources is supported without needing the UE to enter RRC_CONNECTED. Exact details FFS.
Proposal 8.	Contention-based shared preconfigured UL resource (CBS PUR) for transmission in IDLE mode is indicated in SIB.
Proposal 9.	Mechanisms for HARQ retransmissions and fallback to RACH/EDT procedures for transmissions over CBS PUR and UE-specific preconfigured UL resources are supported. Exact details FFS.
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