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1	Introduction
At the RAN plenary #80, a new Work Item (WI) on “Rel-16 enhancements for NB-IoT” was approved. According to the Work Item Description (WID) [1], one of the areas to be even further enhanced refers to improving the UL transmission efficiency and/or UE power consumption. The WID states that the objective is to specify the following set of improvements 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



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 NB-IoT FDD.
[bookmark: _Ref178064866]2	Areas of improvement within the scope of the WID’s objective
The sections below provide a brief description of improvements that are directly tied to the WID’s objective described in section 1.
2.1	Timing Advance related improvements
The WID’s objective on “Improved UL transmission efficiency and/or UE power consumption” states “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”. Hence, it is necessary to analyze first, when, for how long, and under which conditions/scenarios a given timing advance (TA) can be considered to be valid.
The TA is used by the eNodeB to instruct the UEs to adjust their transmit timing, which allows for a similar arrival time of uplink transmission of UEs located at different distances from the eNodeB. This is very important, because if the UL arrival time are not properly aligned, the transmissions from different UEs wouldn’t be orthogonal any longer and they would interfere with each other.
The initial TA command is included in the random access response, where TA can be any value from 0 to 1282 as indicated by the 11-bit timing advance command. The amount of time alignment is given by NTA = (TA)16. NTA is defined in TS 36.211 as the “Timing offset between uplink and downlink radio frames at the UE, expressed in units of Ts” [2]. On this matter, Ts is the basic time unit defined as Ts = 1/(15000x2048) seconds.
Thus, the step size of the amount of time alignment is given in multiples of 16Ts, where 1 step TA is equal to 16Ts = 0.52us. Moreover, if we use half of a round trip and the speed of light (which is around 300 000 000 m/s) as reference, 1 step TA is around 78m. Similarly, when TA takes its maximum possible value (1282), the UE is meant to be 99996m (~ 100Km) away from the cell’s antenna at the moment of sending the random access preamble.
Once the RRC connection has been established, the TA adjustment can be any value from 0 to 63 as indicated by the 6-bit timing advance command, which is carried on the MAC layer using the Narrowband Physical Downlink Share Channel (PDSCH). Moreover, in this case the TA values correspond to adjustments in the distance with respect to the last timing advance command, rather than a total distance between the UE and the cell. For this reason, whenever the eNB identifies that the distance between the UE and eNB significantly changes, the eNB sends the UE an updated TA which indicates new amount of the time alignment as follows: NTA,new = NTA,old + (TA-31)16. Here, an adjustment of the NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively. 
In Rel-16, RAN1 could consider analysing whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Moreover, RAN1 could also consider finding a way of determining if the formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode in such a way that it could initiate transmission of user data. Moreover, maintaining a valid TA becomes relevant to UEs configured with long eDRX cycles.
[bookmark: Observation_1]Observation 1: The WID’s objective states “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”. Hence, it is necessary to analyze first, when, for how long, and under which conditions/scenarios a given timing advance can be considered to be valid.
[bookmark: Observation_2]Observation 2: In Rel-16, RAN1 could consider analyzing whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Moreover, RAN1 could also consider finding a way of determining if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode in such a way that it could initiate transmission of user data. Moreover, maintaining a valid TA becomes relevant to UEs configured with long eDRX cycles.
Proposal 1: Investigate whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Including finding a way of determining if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode.

2.2	Multiple Access Techniques related improvements
The WID’s objective also states that “Both shared resources and dedicated resources can be discussed”, which should be kept compliant with the following note “Note: This is limited to orthogonal (multi) access schemes”.
Introducing “orthogonal (multi) access schemes” are mainly motivated by the benefits brought in terms of a capacity increase. The medium to high complexity associated to the introduction of the “orthogonal (multi) access schemes” that have been discussed in release 15 eMTC studies [3], i.e., MU-MIMO, CDMA, may not necessarily provide the expected benefits when it comes to capacity due to practical constraints, especially in an NB-IoT system.
For example, a MU-MIMO scheme with 4Rx antennas can provide a 300% spectral efficiency improvement (ideally 400% spectral efficiency in total), if the eNB can find four devices having the need of transmitting data at the same time, plus resolving issues associated with co-channel interference and the near-far problem. On this matter, as NB-IoT can already support a single tone allocation today, which offers significant increasing in capacity comparing to a full PRB allocation, hence it is questionable whether a multiple access scheme should be introduced for the sole purpose of increasing the capacity. Thus, in Rel-16 introducing any other “orthogonal (multi) access scheme” for NB-IoT in FDD should only be considered if the capacity improvements are justified by taking practical constraints, e.g., implementation complexity, into account. 
[bookmark: Observation_3]Observation 3: The medium to high complexity associated to the introduction of the “orthogonal (multi) access schemes” that have been discussed in release 15 eMTC studies, i.e., MU-MIMO, CDMA, may not necessarily provide the expected benefits when it comes to capacity due to practical constraints, especially in an NB-IoT system. Moreover, NB-IoT can already support a single tone allocation today, hence it is questionable whether a multiple access scheme should be introduced for the sole purpose of increasing the capacity.
[bookmark: P2]Proposal 2: In Rel-16, capacity improvements should not be the only factor when introducing any new “orthogonal (multi) access scheme” for NB-IoT in FDD, as the quantifiable benefits should be justified when considering practical deployment scenarios with acceptable implementation complexity. 
2.3	Other potential areas of improvement
2.3.1	Early Data Transmission
In Rel-15, Early Data Transmission (EDT) was introduced for improving the battery life and obtaining latency reductions. EDT has opened the possibility of transmitting data (which maximum TBS is broadcasted by the network) during the RA procedure, which is intended to be used by UEs having the need of sending infrequent small data packets in the uplink. In a broad sense, the steps followed by EDT are summarized below:
· UE reads the system information containing the information needed by EDT (e.g., PRACH preambles configured for EDT, and maximum TBS for EDT). 
· UE indicates it has small data to be transmitted by selecting an appropriate PRACH resource configuration according to EDT, i.e., transmitting an EDT preamble in Msg1. 
· The eNB receives EDT preamble, and responds with a Random Access Response message in Msg2 including an EDT uplink Msg3 grant. 
· The UE transmits user data in Msg3, as well as necessary information (e.g., UE identity, resume identity, RRC message). 
· eNB receives Msg3 and either moves the UE to RRC_IDLE or, in the case of further data, to RRC_CONNECTED by Msg4. 
· If UE receives Msg4 indicating it can move to RRC_IDLE, the procedure is completed, and the UE continues its idle mode procedures. Otherwise, the UE moves to RRC_CONNECTED and signals to eNB in Msg5 that it has completed the state transition.

[bookmark: _Hlk521661670]In Rel-16, touching upon the main bullet of this WI objective, EDT might be considered to be enhanced by for example further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2). The foreseen benefits are in terms of signalling load reduction, power savings and latency.
[bookmark: Observation_4]Observation 4: In Rel-15, Early Data Transmission (EDT) was introduced for improving the battery life and obtaining latency reductions. In Rel-16, EDT might be considered to be enhanced by for example further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2).
Proposal 3: Consider enhancing Early Data Transmission (EDT) by considering further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2).

2.3.1	Semi-persistent Scheduling (SPS)
[bookmark: _Hlk521666540]In Rel-8, motivated by the periodic speech frames of VoIP, the possibility of configuring a semi-persistent scheduling (SPS) was introduced aiming at reducing the physical channel control overhead that would be otherwise obtained by using dynamic scheduling. In Rel-15, semi-persistent scheduling was considered for NB-IoT as a mean of reducing the UE’s power consumption (e.g. by decreasing the number of random access instances or the time the UE must be prepared to receive NPDCCH).  In Rel-15, UL SPS for BS report was introduced for NB-IoT. In Rel-16, SPS can be extended to more general cases to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”. Some other potential use cases that have been discussed on the support of semi-persistent scheduling into NB-IoT are listed below.
1. Seldomly reoccurring transmissions with UE in RRC_IDLE
· DL SPS in RRC_IDLE
2. DL transmission of large files, (e.g. for firmware updates); only RRC_CONNECTED.
· Similar to DL SPS in legacy LTE
3. DL transmission of large files using Single-Cell Point-to-Multipoint (SC-PtM), (e.g. for firmware updates); for both when the UE is RRC_CONNECTED and RRC_IDLE.
· DL SPS in RRC_IDLE is new; however, MBMS is known

[bookmark: Observation_5]Observation 5: In Rel-15, UL SPS for BS report was introduced for NB-IoT. In Rel-16, SPS can be extended to more general cases to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”.
Proposal 4: Extend the support of SPS to more general cases in Rel-16 to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”.
Conclusion
In the previous sections we made the following observations:
· Timing Advance Related Improvements
Observation 1: The WID’s objective states “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”. Hence, it is necessary to analyze first, when, for how long, and under which conditions/scenarios a given timing advance can be considered to be valid.

Observation 2: In Rel-16, RAN1 could consider analyzing whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Moreover, RAN1 could also consider finding a way of determining if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode in such a way that it could initiate transmission of user data. Moreover, maintaining a valid TA becomes relevant to UEs configured with long eDRX cycles.

· Multiple Access Techniques Related Improvements

Observation 3: The medium to high complexity associated to the introduction of the “orthogonal (multi) access schemes” that have been discussed in release 15 eMTC studies, i.e., MU-MIMO, CDMA, may not necessarily provide the expected benefits when it comes to capacity due to practical constraints, especially in an NB-IoT system. Moreover, NB-IoT can already support a single tone allocation today, hence it is questionable whether a multiple access scheme should be introduced for the sole purpose of increasing the capacity.

· Other Potential Areas of Improvement
· Early Data Transmission
Observation 4: In Rel-15, Early Data Transmission (EDT) was introduced for improving the battery life and obtaining latency reductions. In Rel-16, EDT might be considered to be enhanced by for example further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2).

· Semi-persistent Scheduling
Observation 5: In Rel-15, UL SPS for BS report was introduced for NB-IoT. In Rel-16, SPS can be extended to more general cases to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”.

Based on the discussion in the previous sections we propose the following: 
· Timing Advance Related Improvements
Proposal 1: Investigate whether part(s) of the existing TA mechanism need to be enhanced in such a way that the likelihood of retaining an obsolete TA value can be reduced. Including finding a way of determining if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode.

· Multiple Access Techniques Related Improvements

Proposal 2: In Rel-16, capacity improvements should not be the only factor when introducing any new “orthogonal (multi) access scheme” for NB-IoT in FDD, as the quantifiable benefits should be justified when considering practical deployment scenarios with acceptable implementation complexity.

· Other Potential Areas of Improvement
· Early Data Transmission
Proposal 3: Consider enhancing Early Data Transmission (EDT) by considering further eliminating signalling steps such as the PRACH preamble (Msg1) and/or the RAR message (Msg2).

· Semi-persistent Scheduling
Proposal 4: Extend the support of SPS to more general cases in Rel-16 to fulfil the WID’s objective on “Improved UL transmission efficiency and/or UE power consumption”.
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