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1	Introduction
In the Work Item (WI) on “Additional enhancements for NB-IoT” ‎[1] one of the objectives is to specify the following improvement for machine-type communications for NB-IoT FDD:

	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



In RAN1 #94, the following agreements were reached. 

	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.



This contribution is intended to assess the support of transmissions in pre-configured UL resources, while keeping compliant with the agreements and maintaining the specs impacts and implementation complexity minimized.
[bookmark: _Ref178064866]2	Transmission on Pre-configured UL Resources (PUR) in IDLE mode
[bookmark: _Hlk523927117]The first agreement reached on this WI objective states: “Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA”, which includes two actions for further study “FFS: Validation mechanism for TA” and “FFS: How the pre-configured UL resources is acquired”. The subsections below provide a potential framework for transmitting on pre-configured UL resources in IDLE mode, which fulfils the WI objective while keeping the implementation and specification impacts minimized for RAN1 and other Working Groups.
2.1	Two-step PUR transmission in IDLE mode
To be able to transmit on pre-configured UL resources in IDLE mode, the UE has to have acquired an initial Timing Advance (TA) and guaranteeing that it is still valid by the time the transmission on pre-configured UL resources is intended to be performed. The initial timing advance command (which represents the total distance between the UE and the cell) is signalled in the “Random Access Response” or “RAR”. Thereafter, once the UE has entered into connected mode, the TA can be adjusted by advancing or delaying the uplink transmission timing.
[bookmark: _Toc525930630]To be able to transmit on pre-configured UL resources in IDLE mode, the UE has to have acquired an initial Timing Advance (TA) and it has to be ensured that it is still valid by the time the transmission on pre-configured UL is to be performed.
[bookmark: _Hlk523950301][bookmark: _Hlk523924403]The above indicates that the first step for a UE that intends to transmit in pre-configured UL resources is to acquire an initial TA, which can be obtained by following the legacy connection establishment. As a second step, and for later occasions in IDLE mode, the UE might benefit from transmitting on pre-configured UL resources if the network has authorized it to do so, and the TA it holds is still deemed to be valid. Table 1 provides an example of a Two-step PUR transmission in IDLE mode, which is composed by the legacy sequence for initial access followed by a PUR configuration in connected mode, plus the actual PUR transmission in idle mode.
Table 1:  two-step scheme for PUR transmissions in IDLE mode
	Step-1: Legacy Connection Establishment + PUR configuration in RRC connected
[image: ]
Step-2: TA validity + PUR transmission
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[bookmark: _Hlk525598141]The two-step scheme for PUR transmissions in IDLE mode is summarized below, highlighting in green the new potential additions used by PUR:
Step-1: Initial TA acquisition and pre-configuration of UL resources.
· The legacy connection establishment is re-used. From Msg2, the initial TA is stored to be used for possible subsequent transmissions on pre-configured UL resources.

· In RRC CONNECTED, The UE obtains a PUR configuration (e.g., including PUR resource interval, PUR TBS, UL resource (e.g., PRB# or # of subcarriers), Modulation Scheme, PUR resource timer) via dedicated RRC signaling which may consist of two configurable options depending on the traffic type intended to be served:

· Re-occurring resource: This option would be used when dealing with periodic traffic, where the same PUR configuration is applied on a periodic-basis.

· A PUR resource timer is used to indicate for how long time the UL resources are reserved, this is to avoid a potential waste of resources (e.g., in case the UE abandons the cell).

· Request per data transmission: This other option would be used when dealing with irregular data traffic, in this case the PUR resource configuration is used for the first transmission only, and subsequent transmissions are performed on a per request basis which may use the same PUR resource configuration as before or a different one (e.g., different PUR resource interval, PUR TBS).

· A PUR resource timer is used to indicate for how long time the UL resources are reserved, this is to avoid a potential waste of resources (e.g., in case the first transmission preceding the ones on “a per request basis” never occurs).

Note: While in connected mode the TA might be adjusted, in that case it can be re-stored by the UE.

Note: The “Re-occurring resource” may include several configurable periodicities. The network will try to pre-configure a periodic pattern with access opportunities to the available UL resources trying to match the data traffic. In real conditions, the match won’t be perfect, and the UE will have to keep in its buffer the data until the next closest access opportunity.

On the other hand, if the traffic is too irregular, then the network will make use of “Request per data transmission”. In the first access, the PUR transmission will be subject to a certain pre-configured periodic pattern for accessing to the UL resources, but for subsequent PUR transmissions the UE informs whether to keep the same access pattern or request a different one.

		
Step-2: PUR validation and transmission on pre-configured UL resources

· When in IDLE mode, a UE that has previously gone through Step-1 can directly transmit data in “Msg3” (i.e., Msg1 and Msg2 are skipped) if:

- The UE in IDLE mode has been authorized to transmit data in pre-configured UL resources.

- The TA the UE currently holds is deemed to be valid after testing it by using any of the TA validity mechanisms to be adopted by RAN1 (see section 2.1).

- The PUR resource timer has not expired yet.
             
Otherwise, the legacy sequence for initial access is used for the data transmission.

· The UE transmits PUR related data in “Msg3”.

· Re-occurring resource: For subsequent transmissions over PUR, the same PUR resource configuration is used recurrently.

· [bookmark: _GoBack]Request per data transmission: For a subsequent transmission over PUR, the UE can indicate that it will keep using the same PUR resource configuration, or it may request a different PUR resource configuration (e.g., including PUR-interval and PUR-TBS).

Note: In both cases, the UE may indicate the eNodeB about a “no upcoming transmission” for the next instance, in such a way that the access to the UL resources at the upcoming PUR-interval can be used by someone else.

· eNB receives “Msg3” and either moves the UE to RRC_IDLE or, in the case of further data, to RRC_CONNECTED by “Msg4”. 

· Re-occurring resource: The timer used to maintain the UL resources for PUR gets extended, and there is also a possibility of deactivating the re-occurring usage of UL resources from this message.

· Request per data transmission: If it is the case, the eNodeB provides the updated PUR resource configuration, the timer used to maintain the UL resources for PUR gets extended, and there is also a possibility of deactivating the usage of UL resources from this message

[bookmark: _Hlk523950820]The advantage of following a two-step approach for transmitting in pre-configured uplink resources is that the legacy connection establishment would be re-used, while the actual PUR transmission would benefit from signalling load reductions, power savings and a reduced latency by transmitting directly on “Msg3” of an EDT-like framework, which would help to minimize the impact in RAN1 and other Working Groups (e.g., the EDT security aspects could be inherited). 
[bookmark: _Hlk525600677][bookmark: _Toc525930631]A PUR transmission in idle-mode can be performed in two steps as follows:
· [bookmark: _Toc525930632]In a first step the legacy connection establishment is re-used to acquire the initial TA, and to get a pre-configuration of UL resources which might be used by the UE in future idle mode transmissions. 
· [bookmark: _Toc525930633]In a second step, after evaluating and fulfilling some criteria (including TA validity) the UE in idle mode might perform a transmission on pre-configured UL resources directly on “Msg3” (i.e., skipping Msg1 and Msg2) by using either a re-occurring approach or a request per data transmission approach.
[bookmark: _Toc525930634]Performing a PUR transmission directly on “Msg3” (i.e., skipping Msg1 and Msg2) would provide signalling load reductions, power savings and a reduced latency. Using such an EDT-like frame work to perform the PUR transmission would help to minimize the impact in RAN1 and other Working Groups.
[bookmark: _Hlk525600244]The two-step PUR transmission scheme for idle-mode can serve either dedicated or shared uplink transmissions. For example, the UL grant design for transmissions over PUR could re-use a single-tone and/or a multi-tone allocation to increase the spectral efficiency, in which case several UEs could simultaneously share the same PRB. 
[bookmark: _Toc525930635]The two-step PUR transmission scheme for idle-mode can serve either dedicated or shared uplink transmissions. For example, the UL grant design for transmissions over PUR could re-use a single-tone and/or a multi-tone allocation to increase the spectral efficiency.
If the framework for transmitting on pre-configured UL resources could be settled, then the efforts for upcoming meetings could be focused on the actual scheduling grant design for the PUR transmissions in idle mode.
[bookmark: _Toc525930636]A PUR transmission in idle-mode is performed in two steps:
· [bookmark: _Toc525930637]In a first step the legacy connection establishment is re-used to acquire the initial TA, and to get a pre-configuration of UL resources which might be used by the UE in future idle mode transmissions. 
· [bookmark: _Toc525930638]In a second step, after evaluating and fulfilling some criteria (including TA validity) the UE in idle mode might perform a transmission on pre-configured UL resources directly on “Msg3” (i.e., skipping Msg1 and Msg2) by using either a re-occurring approach or a request per data transmission approach.
[bookmark: _Toc525930639]Discuss the traffic type that it is intended to be served by the transmissions over PUR.

2.1	TA validity mechanisms
The support of transmissions on pre-configured UL resources in IDLE mode is tied to the condition of being in possession of a valid TA. Thus, once an initial TA has been acquired and thereafter retained by a UE that has stayed or moved back to IDLE mode, there needs to be a mechanism that can be used to determine the validity of such a TA at the moment an IDLE mode transmission on pre-configured UL resources is intended to be performed.
In RAN1 #94, it was agreed as “FFS: Validation mechanism for TA”. Initial discussions on candidate mechanisms took place in RAN1 #94 without reaching any conclusion. On this matter, below we provide a description of potential mechanisms (including the ones discussed in RAN1 #94) that can be used to determine the validity of a TA.
2.1.1	RSRP/RSRQ based TA validity mechanism
For stationary or low mobility devices a limited change in idle mode serving and neighbour cells signal strength can be expected. Hence, a possible way of determining the validity of a retained TA configuration can be based on identifying the large variations on the idle mode serving and neighbour cells signal strength (RSRP) and quality measurements (RSRQ).
For example, when the UE acquires the initial TA at time instance T0, it measures the downlink signal strength RSRP(T0) and compares it to a configured threshold RSRPTH. If RSRP(T0) > RSRPTH the device takes this is an indication that it is in proximity to the base station. At a second-time instance T1, the higher layers in the device triggers an idle mode data transmission, and the device again measures the absolute signal strength RSRP(T1) of the serving cell to compare it against threshold RSRPTH. If RSRP(T1) > RSRPTH the device takes this is an indication that it is still in proximity to the base station and assumes that the stored TA(T0) value, is still valid. 
Another possibility could be that the device calculates the change RSRP(T1) - RSRP(T0) in signal strength in the serving cell prior to transmitting idle mode data. The change in the value would be seen as an indication of mobility. If RSRP(T1) - RSRP(T0) is below a configured threshold, the device may assume that its TA(T0) value stored at time instance T0 is still valid, and that can be used to perform an idle mode data transmission.
2.1.2	TDOA based TA validity mechanism
A device that is stationary, or of low mobility, can be expected to experience a limited change in the time difference of arrival (TDOA) of two or more reference signals received from two or more base stations. 
Figure 1 illustrates a UE that receives reference signals (RS) A and B transmitted from base stations eNB A and B. Based on the time of arrival (TOA) of each of these reference signals the UE can compute the TDOA between the two reference signals. As each of the TOAs corresponds to the distance between the base station and UE, the TDOA may serve as a strong indicator of mobility. A time variant TDOA indicates mobility, while a time invariant TDOA indicates low or no mobility.


Figure 1: Time Difference Of Arrival (TDOA), reception of reference signals RS A and B transmitted from base stations eNB A and B
2.1.3	Cell-radius based TA validity mechanism
The amount of timing error tolerance provided by the cyclic prefix along with knowing the serving cell’s radius can be used to determine the validity of a TA. Recall that 1 step TA is equal to 16Ts = 0.52us, which translated to meters is around ((16Ts)( 300000000))/2= 78m.
For example, in the case of a small cell deployment, when a normal cyclic prefix has been configured (i.e., CP length 4.7 us) and the cell radius happens to be Y= 700 meters, the TA value that the UE currently holds can be considered to be valid if it is less than a threshold X = 8, which corresponds to ~ 624m (The computation of the threshold can be generalized for any cell radius as follows floor(Y/((16Ts c)/2))).
The above prevents that UEs located near the cell edge on spotty coverage areas transmit in uplink with outdated/incorrect TA values.
2.1.4	TA-history based TA validity mechanism
It might be possible to determine the TA validity based on previously assigned TA. For example, the eNodeB and/or UE can keep tracking of previous TA values assigned to a particular UE, and based on how often the TA values were updated, the eNodeB can understand whether the UE is stationary or a semi-stationary device. This information can then be used to determine whether the UE is allowed to apply some TA values directly next time it intends to transmit UL data in idle mode without having to acquire a new TA value.
To be more specific, if the TA value that the eNB estimated and assigned to a UE has not been changed for a predetermined time (e.g, can be tens of minutes, several hours or even several days), the eNB and/or network can (temporally) identify the UE as a (semi-)stationary UE, and can assign to it a TA value with long term validity time.
2.1.5	Timer based TA validity mechanism
Once the UE obtains a TA, the eNodeB provides a configurable timer (Time Alignment Timer) that can be UE-specific or cell-specific, which is used to control for how long the UE is considered to be uplink time aligned. Similarly, a Time Alignment Timer for idle mode can be introduced, for example in combination with some other TA validity mechanism aiming at providing a periodic TA refresh.
2.1.6	Stationary Indication based TA validity mechanism
At RAN #81, a discussion on the UE’s “Subscription Based UE differentiation” was held, which included one element that results to be relevant for the discussions on transmitting over pre-configured uplink resources. The element we are referring to is an “stationary indicator” which can be used for knowing which devices can retain the given TA as to perform PUR transmissions in idle mode ‎[2],‎[3].
Table 2 provides a comparison of potential TA validity mechanisms for performing transmissions over pre-configured uplink resources.
Table 2:  Comparison of potential TA validity mechanisms for PUR
	TA validity mechanism
	Suitable for stationary devices only
	Prone to errors from environmental fading
	Requires the assistance from other cell(s)
	Suitable for Small-cell only
	Specification Impact

	RSRP/RSRQ based
	Yes
	Yes
	Not necessarily
	No
	Low-Medium
(Threshold configuration)

	TDOA based
	Yes
	No
	Yes
	No
	Low-Medium
(Threshold configuration)

	Cell-radius based
	No
	No
	No
	Yes

	Low-Medium
(Requires signaling – cell radius/small cell indication)

	TA-history based
	No
	No
	No
	No
	Low-Medium
(May Require signaling in case eNodeB informs the conclusion from TA history)

	Timer based
	No
	No
	No
	No
	Low-Medium
(Requires signaling for the timer configuration)

	Stationarity determined from Subscription Information
	No
	No
	No
	No
	None
(Recently Standardized)



[bookmark: _Toc525930640]Discuss and commence the down-selection of the candidate TA validity mechanisms used as enablers for the transmissions over PUR in idle mode
Conclusion
In the previous sections we made the following observations for PUR transmissions in IDLE mode:

Observation 1	To be able to transmit on pre-configured UL resources in IDLE mode, the UE has to have acquired an initial Timing Advance (TA) and it has to be ensured that it is still valid by the time the transmission on pre-configured UL is to be performed.
Observation 2	A PUR transmission in idle-mode can be performed in two steps as follows:
-	In a first step the legacy connection establishment is re-used to acquire the initial TA, and to get a pre-configuration of UL resources which might be used by the UE in future idle mode transmissions.
-	In a second step, after evaluating and fulfilling some criteria (including TA validity) the UE in idle mode might perform a transmission on pre-configured UL resources directly on “Msg3” (i.e., skipping Msg1 and Msg2) by using either a re-occurring approach or a request per data transmission approach.
Observation 3	Performing a PUR transmission directly on “Msg3” (i.e., skipping Msg1 and Msg2) would provide signalling load reductions, power savings and a reduced latency. Using such an EDT-like frame work to perform the PUR transmission would help to minimize the impact in RAN1 and other Working Groups.
Observation 4	The two-step PUR transmission scheme for idle-mode can serve either dedicated or shared uplink transmissions. For example, the UL grant design for transmissions over PUR could re-use a single-tone and/or a multi-tone allocation to increase the spectral efficiency.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	A PUR transmission in idle-mode is performed in two steps:
	In a first step the legacy connection establishment is re-used to acquire the initial TA, and to get a pre-configuration of UL resources which might be used by the UE in future idle mode transmissions.
	In a second step, after evaluating and fulfilling some criteria (including TA validity) the UE in idle mode might perform a transmission on pre-configured UL resources directly on “Msg3” (i.e., skipping Msg1 and Msg2) by using either a re-occurring approach or a request per data transmission approach.
Proposal 2	Discuss the traffic type that it is intended to be served by the transmissions over PUR.
Proposal 3	Discuss and commence the down-selection of the candidate TA validity mechanisms used as enablers for the transmissions over PUR in idle mode
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