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[bookmark: _Toc520930821]Introduction

The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on improving the uplink transmission efficiency and/or UE power consumption by means of transmission in preconfigured resources:
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 RAN1 #94, the following agreements were reached [3]. 

	Agreement
[bookmark: _Hlk523907575]Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· [bookmark: _Hlk523907706]FFS: Validation mechanism for TA
· [bookmark: _Hlk523907727]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.




The optimal solution may be very dependent on the use case the feature is intended to solve. In this contribution we discuss possible relevant use cases for transmission in preconfigured uplink resources.
[bookmark: _Ref511996703][bookmark: _Toc520930822]Discussion
A discussion closely related to the Rel-16 topic of transmission in preconfigured uplink resources (PUR) was the Rel-15 discussion of possible use cases for SPS for NB-IoT. The use case that most closely resembles PUR was use case A) brought up in the RAN2 email discussion on this topic [4]:
[bookmark: OLE_LINK129][bookmark: OLE_LINK128][bookmark: OLE_LINK127][bookmark: OLE_LINK203][bookmark: OLE_LINK202]A)	Proposal: SPS for M2M long-time regular transmissions allowing UE to be in Idle/PSM mode (at least between the transmissions), either for stationary UEs, or with R1 solutions for Timing advance. This kind of SPS can remove the need for MSG1 and MSG2 in the Access [2], [3]. 

The email discussion further collected some majority views among companies for this use case:

· 5 companies think the use case of solution A is for metering report with large reporting interval. This solution is used for IDLE/PSM mode only, UL only and stationary UEs only.
· 4 companies think there are impacts on the network capacity since the resources (e.g. SPS-RNTI) need to be reserved for a very long time and for many IDLE/PSM UEs.
· 5 companies think this solution is only suitable for stationary UEs.
· 5 companies think this solution needs the eNB to know the traffic model of the UE to configure appropriate SPS parameters.
· 6 companies think subframe level time alignment between the UE and the eNB is needed even in IDLE/PSM mode.

That is, most companies see the largest use for uplink reports with large interval from stationary UEs. There are therefore large differences when compared to SPS; the traffic is not necessarily fully predictable and perfectly periodic (like VoIP) and the interval is considerably longer.
[bookmark: _Toc525762342][bookmark: _Toc525762353][bookmark: _Toc525831277][bookmark: _Toc525831288][bookmark: _Toc525831337][bookmark: _Toc525831437][bookmark: _Toc525831448][bookmark: _Toc525831502][bookmark: _Toc525831587]Compared to SPS, PUR must support traffic that is neither fully predictable nor perfectly periodic and support considerably longer intervals in the range 1s to 24h. 

It is no problem for the UE and eNB to be in sync after long periods of sleep (the UE will sync to the downlink after eDRX or PSM, and the TA must still be valid). One problem with the long data periodicity is that, unlike the certainty that there is a new voice frame every 20 ms for VoIP, it cannot be guaranteed that data will arrive perfectly on the subframe with so infrequent traffic.
[bookmark: _Toc525762343][bookmark: _Toc525762354][bookmark: _Toc525831278][bookmark: _Toc525831289][bookmark: _Toc525831338][bookmark: _Toc525831438][bookmark: _Toc525831449][bookmark: _Toc525831503][bookmark: _Toc525831588]It is unlikely that there will be perfectly periodic traffic on subframe level with an inter-arrival time of several hours.
Therefore, there will likely be a need for a solution, similar to what is used for SPS, to not trigger a Scheduling Request or Random Access in case the UE is configured with a PUR resource (valid UL grant for SPS).
[bookmark: _Toc525762344][bookmark: _Toc525762355][bookmark: _Toc525831279][bookmark: _Toc525831290][bookmark: _Toc525831339][bookmark: _Toc525831439][bookmark: _Toc525831450][bookmark: _Toc525831504][bookmark: _Toc525831589]There may be a need to consider PUR resources in the same way as valid UL grants for SPS, i.e. such that data arrival would not trigger RA or SR.
If this approach is adopted, there will be an additional delay from using PUR. This especially, since it is not realistic to have frequent dedicated PUR resources for a massive number of MTC devices, and if instead common PUR resources are used the collision risk may still cause the latency to be larger than for legacy procedures (e.g. EDT).
[bookmark: _Toc525762345][bookmark: _Toc525762356][bookmark: _Toc525831280][bookmark: _Toc525831291][bookmark: _Toc525831340][bookmark: _Toc525831440][bookmark: _Toc525831451][bookmark: _Toc525831505][bookmark: _Toc525831590]UEs with latency sensitive traffic, or without a valid TA, is better served by EDT than PUR.

As mentioned above, how long the delay will be depends on if the PUR resources are dedicated (contention-free) or common (contention-based). Rel-16 PUR has already been treated in one meeting in RAN1 (see [3]) and the benefits of dedicated versus common resources have been discussed. Common resources can be much more frequent in time, but on other hand there is a risk for collision, which could result in worse performance than for legacy (collision on a larger data transmission instead of a small preamble is more severe). 
[bookmark: _Toc525762346][bookmark: _Toc525762357][bookmark: _Toc525831281][bookmark: _Toc525831292][bookmark: _Toc525831341][bookmark: _Toc525831441][bookmark: _Toc525831452][bookmark: _Toc525831506][bookmark: _Toc525831591]Common PUR (contention-based) data transmission can be inefficient due to collisions and perform worse than legacy (e.g. EDT).
Therefore, if traffic can be predicted, even approximately as described above, it is beneficial to configure the UE with dedicated PUR resources.
[bookmark: _Toc525762347][bookmark: _Toc525762358][bookmark: _Toc525831282][bookmark: _Toc525831293][bookmark: _Toc525831342][bookmark: _Toc525831442][bookmark: _Toc525831453][bookmark: _Toc525831507][bookmark: _Toc525831592]Dedicated PUR (contention-free) resources should be configured for the UE if the traffic approximately can be predicted (and is latency insensitive).
A further complication with common PUR is that it must support several CE-levels, multiple TBSs, and possible transmission from any UE.
[bookmark: _Toc525762348][bookmark: _Toc525762359][bookmark: _Toc525831283][bookmark: _Toc525831294][bookmark: _Toc525831343][bookmark: _Toc525831443][bookmark: _Toc525831454][bookmark: _Toc525831508][bookmark: _Toc525831593]The eNB blind decoding effort for handling common PUR (contention-based) transmission from any UE, with a multiple TBS selection, and with several possible CE-levels, is not feasible.
The big advantage is of course that it supports sporadic traffic. Dedicated PUR will, unless there is an overprovisioning of PUR resources, be dependent on that traffic can be predicted, which can turn out to be impossible in practice.
[bookmark: _Toc525762349][bookmark: _Toc525762360][bookmark: _Toc525831284][bookmark: _Toc525831295][bookmark: _Toc525831344][bookmark: _Toc525831444][bookmark: _Toc525831455][bookmark: _Toc525831509][bookmark: _Toc525831594]Transmission in dedicated PUR (contention-free) resources to a large extent relies on traffic prediction, which can be impossible in practice.
The conclusion from this is that the best solution, both for UL transmission efficiency and UE power consumption, depends on the UEs traffic. To specify a generally useful solution we therefore propose the following:
[bookmark: _Toc525762350][bookmark: _Toc525762361][bookmark: _Toc525831285][bookmark: _Toc525831296][bookmark: _Toc525831345][bookmark: _Toc525831445][bookmark: _Toc525831456][bookmark: _Toc525831510][bookmark: _Toc525831595]Both periodic and non-periodic traffic should be supported for PUR.

To be able to cover as many use cases as possible, also future ones, it is also unnecessary to limit the solution to UL transmissions at this early stage. It may turn out that the PUR solution agreed in 3GPP can be applied to DL transmissions as well with a minimum of changes.
[bookmark: _Toc525762351][bookmark: _Toc525762362][bookmark: _Toc525831286][bookmark: _Toc525831297][bookmark: _Toc525831346][bookmark: _Toc525831446][bookmark: _Toc525831457][bookmark: _Toc525831511][bookmark: _Toc525831596]It is unnecessary to limit the transmission in preconfigured resources to uplink at this early stage, downlink use cases may become equally important in time.
One use case for downlink transmissions are actuators, i.e. UEs that monitor the downlink to act upon a command (e.g. switching on a lamp). This would correspond to ‘sporadic DL’. The infrequent uplink reporting would correspond to ‘predictable UL’ or ‘periodic UL’. A start of a list of possible use cases is given below. Also, a column is inserted from the RAN1 discussion of whether UEs should be mandated to transmit in the PUR resource (see e.g. [5]).
	Use case:
	Example:
	Mandated Tx:
	Best solution:

	Sporadic UL
	alarms, triggered sensors
	No
	Common (CB) PUR

	Sporadic DL
	actuators
	No
	Common (CB) PUR

	Periodic UL
	periodic reporting
	Yes
	Dedicated (CF) PUR

	Periodic DL
	automation, control
	Yes
	Dedicated (CF) PUR

	Predictable UL
	sensor readings
	Yes
	Dedicated (CF) PUR

	Predictable DL
	automation, control
	Yes
	Dedicated (CF) PUR



This is a first draft of use cases for PUR and other companies are encouraged to add to this do develop a more complete picture in 3GPP of which are the main use cases for PUR.
[bookmark: _Toc525762352][bookmark: _Toc525762363][bookmark: _Toc525831287][bookmark: _Toc525831298][bookmark: _Toc525831347][bookmark: _Toc525831447][bookmark: _Toc525831458][bookmark: _Toc525831512][bookmark: _Toc525831597]To specify the best solution, it is beneficial for 3GPP to agree on the use cases which PUR should address.


[bookmark: _Toc520930831]Conclusion
Based on the discussion in Section 2 we make the following observations and proposals:
Proposal 1	Compared to SPS, PUR must support traffic that is neither fully predictable nor perfectly periodic and support considerably longer intervals in the range 1s to 24h.
Observation 1	It is unlikely that there will be perfectly periodic traffic on subframe level with an inter-arrival time of several hours.
Observation 2	There may be a need to consider PUR resources in the same way as valid UL grants for SPS, i.e. such that data arrival would not trigger RA or SR.
Observation 3	UEs with latency sensitive traffic, or without a valid TA, is better served by EDT than PUR.
Observation 4	Common PUR (contention-based) data transmission can be inefficient due to collisions and perform worse than legacy (e.g. EDT).
Observation 5	Dedicated PUR (contention-free) resources should be configured for the UE if the traffic approximately can be predicted (and is latency insensitive).
Observation 6	The eNB blind decoding effort for handling common PUR (contention-based) transmission from any UE, with a multiple TBS selection, and with several possible CE-levels, is not feasible.
Observation 7	Transmission in dedicated PUR (contention-free) resources to a large extent relies on traffic prediction, which can be impossible in practice.
Proposal 2	Both periodic and non-periodic traffic should be supported for PUR.
Observation 8	It is unnecessary to limit the transmission in preconfigured resources to uplink at this early stage, downlink use cases may become equally important in time.
Observation 9	To specify the best solution, it is beneficial for 3GPP to agree on the use cases which PUR should address.
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