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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, 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


According to the agreements, idle mode UL transmission in preconfigured UL resources is supported. The preconfigured dedicated resources with valid TA timing would be focused on and specified with priority, and shared preconfigured uplink resources can also be discussed.
In this contribution, we will provide high level analysis about preconfigured shared resource from RAN2 perspective, and give our preference based on the comparison between preconfigured dedicated resources and preconfigured shared resources.
2 Discussion
Based on the RAN1 agreements, the preconfigured dedicated resource will be contention-free resource, the preconfigured shared resource can be contention-free or contention-based resource. The basic characteristics of preconfigured dedicated resource and preconfigured shared resource can be listed as following:

	preconfigured dedicated resource
	preconfigured contention-free shared resource
	preconfigured contention-based shared resource

	Preconfigured precise location for a piece of time/frequency resource which can only be used by one idle mode UE for data transmission.
No contention resolution is needed.
	Preconfigured precise location for a piece of time/frequency resource and code/space (e.g. code division or space separation), which can used by idle mode UE for data transmission.

Although the same time/frequency resource can be shared by more than one UEs. For a certain resource, it can only be used by one UE. It depends on whether the code division or space separation will be introduced for NB-IoT/eMTC.
No contention resolution is needed.
	Preconfigured a section of time/frequency resources which can be shared by several idle mode UEs for data transmission that may be similar with PRACH resources configuration. The main difference from the legacy PRACH resources would be Msg1 capacity.

Contention resolution is needed.


Per our understanding, idle mode UL transmission in shared or dedicated resource can be applicable to different use cases (or scope of use case can be overlapping but size is different) with very different complexity, so some comparisons between preconfigured dedicated resource and shared resource in idle mode are needed. 

2.1 Use cases comparison

The use cases which are suitable for using preconfigured dedicated resource in idle mode would have the following characteristics that can also be seen as pre-conditions for using preconfigured dedicated resource:

· The UE should be geo-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(e.g periodic or predicitable), 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) could be stored both in eNB and UE, so that the eNB can identify the UE based on the preconfigured dedicated resource. 
For the preconfigured contention-free shared resource in idle mode, with the same reason as that for preconfigured dedicated resource in idle mode, the UE should be stationary, the traffic pattern should be deterministic and the UE context (e.g. UE identity and preconfigured dedicated resource information) should be stored in both eNB and UE. 

Observation 1: The use cases which are suitable for using preconfigured contention-free shared resource in idle mode would have the same characteristics as dedicated resource, such as stationary UE, deterministic traffic pattern, UE context storage.
For preconfigured contention-based shared resource in idle mode, the location for time/frequency resources don’t need to be preconfigured for a certain UE. Therefore, the use cases which are suitable for using preconfigured contention-based shared resource would be somewhat broad, e.g., the traffic pattern doesn’t need to be fixed, and UE context doesn’t need to be stored. 
However, RAN1 has agreed that PUSCH resource is used for preconfigured contention-based shared resource, a longer CP (CyclicPrefix) is not introduced for the preconfigured contention-based shared resource. That means there have not much schemesto overcome the TA issue, e.g., history TA seems the only TA maintenance approach for UE in idle mode. Moreover, as the preconfigured contention-based shared time/frequency resources may be used by multiple UEs, one UE with TA problem will impact the other UEs, the TA issue would be more serious for contention-based shared resource. Therefore, we think there still has the requirement for the use cases that the UE should be stationary for TA maintenance if the preconfigured contention-based shared resource in idle mode will be used. 

Observation 2: TA maintenance is more important for preconfigured contention-based resource than that for preconfigured contention-free resource. But there have not much schemes to overcome the TA issues.
Observation 3: The use cases which can use preconfigured contention based shared resource in idle mode would have relative large range and less restrictions (e.g., flexible traffic pattern and without UE context storage). But the characteristics of stationary UE for TA maintenance is still needed.
2.2 Resource utilization efficiency comparison

At first glance, as preconfigured contention-based shared resources can be used by multiple UEs, it may be thought that the resource utilization efficiency of preconfigured contention-based shared resource is higher than that of preconfigured dedicated resource or preconfigured contention-free shared resources. However, as preconfigured contention-based shared resources will be used by multiple UEs, resource collision cannot be avoided, and contention resolution mechanism is still necessary. These processes will cause more signaling exchanging overhead and additional UE power consumption. Furthermore, once the resource collision occurs, re-transmission will be needed, which would consume more radio resource and UE power, possibly more than that caused by legacy NPRACH procedure, as more information (e.g., service data) should be retransmitted. So we think it’s difficult to do tradeoff between the less resource collision and high efficient resource utilization for preconfigured contention-based shared resource. For example, large resource allocation is beneficial for avoiding collision but will cause resource waste while less resource allocation will cause more collision and more UE power consumption.

Observation 4: As there still exists signaling overhead and UE power consumption caused by resource collision and service data retransmission, the resource utilization efficiency of preconfigured contention-based shared resource in idle mode needs more evaluation under more explicit assumption.
For preconfigured dedicated resource, if it can be matched well with the traffic pattern, it can be fully utilized. Furthermore, as the resources are preconfigured, NPRACH procedure overhead, NPDCCH scheduling overhead, SR and BSR reporting overhead, etc., can be saved. And as a dedicated resource is used only by a specific UE, no resource collision would be worried. The resource utilization efficiency for transmission over preconfigured dedicated resource would be higher than legacy PRACH procedure. Taken into account that both NPRACH procedure overhead and NPDCCH scheduling overhead in EDT can be avoided for preconfigured dedicated resource, it’s easy to deduce that the resource utilization efficiency of preconfigured dedicated resource would be higher than that of EDT.
For preconfigured contention-free dedicated resource, with the same characteristics as that in the preconfigured dedicated resource (e.g. No PRACH procedure is involved, no contention resolution is necessary), its resource utilization efficiency is also higher than that of legacy PRACH procedure and EDT. Furthermore, as same time/frequency resource can be used by more than one UE, its resource utilization efficiency may be even higher than that of preconfigured dedicated resource. But taken into account that the code division or space separation mechanism should be introduced, which involves much RAN1 specification change, the whole evaluation for preconfigured contention-free dedicated resource whether it can be supported should more depend on the RAN1 decision.  
Observation 5: The resource utilization efficiency for preconfigured contention-free shared resource would be higher than that of legacy PRACH procedure, EDT, and even that of preconfigured dedicated resource. But as it involves much RAN1 specification change, the whole evaluation for preconfigured contention-free shared resource and whether it can be supported should more depend on the RAN1 decision.

2.3 Specification impacts comparison

For preconfigured contention-based shared resources, the following specification impacts have been identified and need further study:

· Contention-based shared resource configuration: generally the contention-based shared resources configuration should be broadcasted to several UEs through SIB messages. With reference to the EDT NPRACH resource configuration, at least different resources for different CE levels or even for different message sizes may be needed in order to provide more suitable repetitions and less padding. As a possible result, too large SIB message size and complicated field structure need to be considered and addressed.

· Contention resolution mechanism: for preconfigured contention-based shared resources scheme, the contention resolution is still needed. But it can be in earlier stage, e.g., at Msg2 or in later stage as legacy random access procedure, that may depend on the scheme details. Moreover, resource identification (e.g common RNTI, similar with RA-RNTI), contention resolution timer, congestion backoff mechanism etc. should be considered.

· UE’s RRC state during and after the UL transmission over preconfigured contention-based shared resource in idle mode: with reference to EDT, keeping UE in idle state during transmission and performing state transition based on eNB’s indication can be start point for study. 

· Contents that should be transmitted over UL preconfigured contention-based shared resource in idle mode should be considered. For example, at least UE Identity should be carried. Moreover, the following information should be considered: whether UL user data can also be carried, whether RRC message (s) should be carried etc. For UE Identity, the information similar as S-TMSI would be considered, for identifying UE and its related core network nodes in eNB.

· Contents that should be carried over the DL response message also need to be considered, e.g. contention resolution identity may be baseline, and other possible information includes: TA info, backoff timer, DL data, UL grant etc.

Observation 6: UL transmission over preconfigured contention-based shared resource for UE in idle mode would involve more specification impacts, e.g., more than that for UL transmission over preconfigured dedicated resource.
For preconfigured contention-free shared resources scheme, although the RAN2 specification change is similar as that of preconfigured dedicated resources scheme which is listed in the following, it would involves much RAN1 specification change, e.g., code division or space separation mechanism). 
· Contention-free shared resource configuration: usually, such resource should be configured by RRC Message and/or PDCCH scheduling (e.g PDCCH order), and only a specific dedicated resource (e.g. a specific time domain, a specific repetition number, etc) need be configured.

· UE’s RRC state during and after the transmission over contention-free shared resource in idle mode: taken into account that UE context is stored and preconfigured “dedicated-kind” resource is used, the UE can be seen as in a special state, e.g., in idle state but with UE-specific search space. After the transmission, UE can go to the legacy idle state, keep in current state or transit to the RRC connected state.

Observation 7: UL transmission over preconfigured contention-free shared resource for UE in idle mode would involve similar RAN2 specification impacts as that for UL transmission over preconfigured dedicated resource, but it involves much RAN1 specification change.
Based on the above comparisons and observations, we prefer to deprioritize the discussion on how to specify preconfigured contention-free shared resource in RAN2 unless RAN1 decides to support it. For preconfigured contention-based shared resource, we think it’s much far away from starting discussion in RAN2. RAN1 is also needed to do more evaluation on the use case and resource efficiency of it. 
Proposal 1: It’s suggested to deprioritize the discussion on how to specify preconfigured contention-free shared resource in RAN2 unless RAN1 decides to support it. . 

Proposal 2: RAN2 should not start the discussion for preconfigured contention-based shared resource before RAN1 can provide enough evaluation on the use case and resource efficiency of it. 
3 Conclusions

Based on the above analysis, we make the following observations and proposals:   

Observation 1: The use cases which are suitable for using preconfigured contention-free shared resource in idle mode would have the same characteristics as dedicated resource, such as stationary UE, deterministic traffic pattern, UE context storage.

Observation 2: TA maintenance is more important for preconfigured contention-based resource than that for preconfigured contention-free resource. But there have not much schemes to overcome the TA issues.
Observation 3: The use cases which can use preconfigured contention based shared resource in idle mode would have relative large range and less restrictions (e.g., flexible traffic pattern and without UE context storage). But the characteristics of stationary UE for TA maintenance is still needed.

Observation 4: As there still exists signaling overhead and UE power consumption caused by resource collision and service data retransmission, the resource utilization efficiency of preconfigured contention-based shared resource in idle mode needs more evaluation under more explicit assumption.

Observation 5: The resource utilization efficiency for preconfigured contention-free shared resource would be higher than that of legacy PRACH procedure, EDT, and even that of preconfigured dedicated resource. But as it involves much RAN1 specification change, the whole evaluation for preconfigured contention-free shared resource and whether it can be supported should more depend on the RAN1 decision.
Observation 6: UL transmission over preconfigured contention-based shared resource for UE in idle mode would involve more specification impacts, e.g., more than that for UL transmission over preconfigured dedicated resource.

Observation 7: UL transmission over preconfigured contention-free shared resource for UE in idle mode would involve similar RAN2 specification impacts as that for UL transmission over preconfigured dedicated resource, but it involves much RAN1 specification change.
Proposal 1: It’s suggested to deprioritize the discussion on how to specify preconfigured contention-free shared resource in RAN2 unless RAN1 decides to support it. . 

Proposal 2: RAN2 should not start the discussion for preconfigured contention-based shared resource before RAN1 can provide enough evaluation on the use case and resource efficiency of it.
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