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Introduction
At the RAN plenary #80, a new Work Item (WI) on “Rel-16 MTC enhancements” was approved. The WID states that one objective is to specify the following improvement for machine-type communications for BL/CE UEs:
	Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk518637711][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



Based on what the WID has stipulated as Rel-16 objective, this contribution is intended to discuss the “Support for transmission in preconfigured resources in idle and/or connected mode” for machine-type communications for BL/CE UEs. As both shared and dedicated resources can be discussed, this presentation intent to discuss the interest of both options.

[bookmark: _Hlk525898932][bookmark: _GoBack]Transmission in preconfigured resources in idle and/or connected mode

Since early steps of cellular IoT, in Rel-13, reducing UE energy consumption and improving UE battery lifetime has been a prime focus. “Early Data Transmission features”, specified in Rel-15 was a particularly interesting step forward by allowing a UE to transmit his payload during message 3 and consequently to significantly reduce the signalling overhead associated with this transaction. 
UL transmission in pre-configured resources is seen by the sourcing companies as the next step to reduce signalling overhead associated to UL transmission by enable UE to transmit his payload in his first message.

Transmissions in preconfigured resources are particularly beneficial for UEs whose traffics are bursty, low rate, with long period of silences. As a result, it seems likely that the majority of the UEs, which may benefit the most from preconfigured resources, will not be in connected mode when they need to transmit.


[bookmark: _Hlk525900070]Observation 1: Transmission in preconfigured resources carry promising potential in UE energy consumption reduction, which is key for IoT. UE in Idle mode needs to be addressed by it to enable this potential.
Shared and dedicated resources
Transmission in preconfigured resources on dedicated resources is seen as simpler to specify since there will be no collisions. However, it could be applied only to UE having predictable traffic with good enough confidence to allow a long-term radio resource allocation. Consequently, it appears that transmission in preconfigured dedicated resources can be applied only to static UE having periodic and stable traffic pattern.
Therefore, it is observed that BL/CE UE having either a non-static profile, or non-predictable traffic like event-triggered traffic would not be able to take advantage of transmission in preconfigured dedicated resources. Such BL/CE UEs would be able to take advantage of transmission in preconfigured resources only over shared resources.
[bookmark: OLE_LINK25][bookmark: OLE_LINK74]Observation 2: BL/CE UEs having either a non-static profile, or a non-predictable / periodic traffic l would not be able to take advantage of transmission in preconfigured dedicated resources. Addressing those UE will require to support also transmission in preconfigured shared resources
Proposal 1: Uplink Transmission on pre-configured resources should support both dedicated and shared resources.
Shared resources and collision mitigation
Shared resource configuration

To perform an uplink transmission without a specific grant, a BL/CE UE will be pre-configured with one or several identified radio resource pools. In the context of the work item, it is assumed that these resource pools are shared between a large number of BL/CE UEs. The number and size of the radio resource pools can be tuned according to the expected load. Some resource pools can be dedicated to a given QoS or specific path loss range etc. Information on these resource pools may include time/frequency resources allowed for grant free access but also differentiating elements used to perform collision mitigation or collision resolution. 
As a result, a resource unit corresponds to a time-frequency resource but may also include a differentiation element like for example a CDMA sequence if collision resolution mechanism is considered.

Observation 2: To perform uplink transmission over shared resources, a BL/CE UE has access to at least one pool of resources pre-allocated for this purpose which are shared between several BL/CE UEs. Many BL/CE UEs could share the same pool.

Collision risk and UL resource selection policy.

In the context of uplink transmission over pre-allocated shared radio resources, a collision may occur: if at least two transmissions occur at the same period of time, on the same frequency resources. An additional resource (CDMA sequence, power level) can be added to create a new dimension to separate BL/CE UEs and reduce collision probability without avoiding it.
Therefore, we can see that the way UEs perform uplink resource unit selection can have a large impact on the risk of collision.

If we assume that the BL/CE UE has no information whatsoever on the resource occupancy prior to transmission and that the resource unit selection is either fixed or random (or a mixed) among the configured resource pools. We call these scenarios blind selection.

Depending on the resource unit chosen by several UEs configured with the same resource pool, the initial transmission can be a success, or an outage can occur. Since each BL/CE UE selects its resource unit with no prior information on the resource occupancy (blindly), it has no lever to reduce its outage or improve its success rate. This will lead operators either to:

· over-dimension the resource pool(s) to ensure a high initial transmission success rate, but this would reduce spectral efficiency,
· accept a significant failure rate at initial transmission, which will partially mitigate transmission on pre-allocated shared resources benefits and particularly UE power consumption reduction.

Therefore, performing random resource unit selection over a shared resource pool is unlikely to be the optimal option from a system-wise point of view but can rather be seen as a consequence of the UE not having any information on the resource pool use.

Observation 3: Blind resource selection is often considered for uplink transmission over shared resources, even if sub-optimal. It is due to the BL/CE UE inability to acquire information on current grant-free resource use

However, the eNB is able to know the real-time usage of pre-allocated shared resources devoted uplink transmission, as well as to build any relevant statistical vision of it.

Observation 4: The eNB knows the information of the use of shared resources that UE are lacking. This lack of information leads  them to perform sub-optimal blind resource selection.

If a new broadcast signal is introduced, the eNB could share part of his knowledge on the real-time use of the grant free resource pool. Fig.1 show that such a signal could be a simple bitmap representing the status of each time-frequency resource unit within the shared resource pool. Accessing this information would allow UEs to perform their resource selection not blindly but by exploiting a comprehensive view of resource use. Therefore, by relying on classical collision avoidance principle like CSMA/CA, transmission on already used resource unit will be avoided while the probability of similar resource selection will be reduced. Consequently, spectral efficiency of the grant free resource pool as well as transmission success rate at first attempt could be largely increased


Figure 1: Broadcast signal informing BL/CE UE on the real-time status of each grant free time-frequency resource unit

However, a real-time broadcast of shared time-frequency resource use might not be feasible, especially with the complexity constraints of BL/CE UE.
In such a situation, the broadcast by the eNB of a statistical view on the use of the grant free resource pool is an alternative. It might enable a BL/CE UE to perform their resource unit selection not blindly but by estimating the selection that will maximize the probability of success depending on their own situation and resource need. For example, a BL/CE UE that have a largely delay tolerant UL to perform would be able to detect if shared uplink resources is heavily loaded. In such a situation, it than may decide to delay its transmission to another period in time.
Figure 2 give the example of such a signal carrying the average occupancy of each grant-free time-frequency resource unit over a given period. Note that the broadcast information can be enriched by other characteristics than the time-frequency occupancy.



Figure 2: Broadcast signal informing BL/CE UE on the average occupancy of each grant free time-frequency resource unit over a period of time.



· Proposal 1: The ability by the eNB to broadcast a signal informing UEs on the real time or statistical use of the shared resource pool for pre-allocated uplink transmission should be considered, and its associated benefits on uplink collision reduction should be evaluated with respect to a fixed or a pure random grant free resource selection. 


Conclusion
In this contribution, we mainly discussed uplink transmission over pre-allocated resources, in the case of dedicated resources and then shared resources. In this last case we have in particular proposed a new scheme where information on shared uplink resource use are broadcasted by the eNB so that BL/CE UEs are able to select resources on pertinent criteria rather than blindly. Based on the discussion, our views are summarized as follows

Observation 1: Transmission in preconfigured resources carry promising potential in UE energy consumption reduction, which is key for IoT. UE in Idle mode needs to be addressed by it to enable this potential.

Observation 2: UE having either a non-static profile, or a non-predictable / periodic traffic l would not be able to take advantage of transmission in preconfigured dedicated resources. Addressing those UE will require to support also transmission in preconfigured shared resources

Observation 3: To perform uplink transmission over shared resources, a BL/CE UE has access to at least one pool of resources pre-allocated for this purpose which are shared between several UEs. Many UEs could share the same pool.

Observation 4: Blind resource selection is often considered for uplink transmission over shared resources, even if sub-optimal. It is due to the BL/CE UE inability to acquire information on current grant-free resource use

Observation 5: The eNB knows the information of the use of shared resources that UE are lacking. This lack of information leads them to perform sub-optimal blind resource selection.

Proposal 1: Uplink Transmission on pre-configured resources should support both dedicated and shared resources.

Proposal 2: The ability by the eNB to broadcast a signal informing UEs on the real time or statistical use of the shared resource pool for pre-allocated uplink transmission should be considered, and its associated benefits on uplink collision reduction should be evaluated with respect to a fixed or a pure random grant free resource selection. 


. 
References
RP-181450, “New WID on Rel-16 MTC enhancements for LTE”, Ericsson, RAN #80, June 11-14, 2018
- 4/5 -
image2.emf
Periodicity

resource occupancy at nT

resource occupancy at (n+1)T

resource occupancy at (n+K-1)T

...

Filtering window on KT

average reporting over KT periods 

(percentage of occupancy)

60%10%10%

60%15%20%

5%15%20%

30%30%40%


oleObject2.bin
�

Periodicity


resource occupancy at nT


resource occupancy at (n+1)T


resource occupancy at (n+K-1)T


...


Filtering window on KT


average reporting over KT periods (percentage of occupancy)



image1.emf
occupied ressource (1 in bitmap)

free ressource (0 in bitmap)

basic time frequency 

reporting granularity

Periodicity

instantaneous reporting 

with bitmap

100

101

001

111

resource occupancy at nT

resource occupancy at (n+1)T

F

R

E

Q

U

E

N

C

Y

TIME


oleObject1.bin
�

occupied ressource (1 in bitmap)


free ressource (0 in bitmap)


basic time frequency reporting granularity


Periodicity


instantaneous reporting 
with bitmap



resource occupancy at nT


resource occupancy at (n+1)T


FREQUENCY


TIME



