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1	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.
[bookmark: _Ref178064866]2	Areas of improvement within the scope of the WID’s objective
The sections below provide a brief description of potential areas of improvement that are directly tied to the WID’s objective described in section 1.
2.1	Timing Advance related improvements
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 (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 timing advance 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 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 Physical Downlink Share Channel (PDSCH). Moreover, in this case the timing advance 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. 
[bookmark: _Hlk520497107]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 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 BL/CE 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 to reduce the likelihood of retaining an obsolete TA value. Moreover, RAN1 could also consider finding a way to determine if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode without requiring new TA command from eNB, in such a way that it could initiate transmission of user data. Moreover, maintaining a valid TA becomes relevant to BL/CE UEs configured with long eDRX cycles.
[bookmark: P1]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. This includes finding ways to determine 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 note “Note: This is limited to orthogonal (multi) access schemes”.
In terms of “orthogonal (multi) access schemes”, in Rel-15 several techniques were discussed for addressing the objective of increasing the spectral efficiency of the PUSCH. The table below summarizes the overall benefits of the discussed Multiple Access schemes.
Table 1:  Comparison of Multiple Access Schemes over PUSCH
	Technique
	Increases the spectral efficiency
	Improves
BLER
	Increases the Power Spectral Density (PSD)
	Improves the Channel Estimation
	Provides a PAPR reduction
	Provides Battery savings
	Suitable for both CE mode A & B

	Sub-PRB
	Yes
6 subcarriers: 100% spectral efficiency improvement (2 BL/CE devices coexisting)
3 subcarriers / 2-of-3 subcarriers: 300% spectral efficiency improvement (4 BL/CE devices coexisting)
	Yes
(Depends on the TBS and number of repetitions)
	Yes
6 subcarriers: 3dB PSD boost
3 subcarriers: 6dB PSD boost
	No
(The channel estimation performance is maintained due that the DMRS is PSD boosted)
	Yes
6 subcarriers: 5.5dB [3]
3 subcarriers: 3.3dB [3]
2-of-3 subcarriers: 1.1 dB / 0.3dB [4]

	Yes
(PA operates more efficiently)
[8]
	Yes
(In addition of opening the possibility of scheduling more BL/CE devices over the same time-frequency resources for both CE Mode A and B, in case of the number of repetitions associated to CE mode A, the throughput can be maintained with respect to a full PRB allocation, while for the number of repetitions associated to CE mode B, there is a slight throughput gain [3])

	CDMA
	Yes
SF = 4 (repetitions convey identical information in quadruplets of subframes): 300% spectral efficiency improvement (4 BL/CE devices coexisting)
	No
(Maintained only)
	Yes
Summing over all the orthogonal transmissions, there is an increased PSD on total received signal.
	No
(Remains the same)
	No
	No
	Yes
(From the perspective of having more BL/CE devices over the same time-frequency resources)
Due to the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed.
The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large [9]

	MU-MIMO
	Yes
Depends on the number of beams. 4 Rx antennas: 300% spectral efficiency improvement (4 BL/CE devices coexisting)
	No
(Maintained only)
	Yes
Summing over all the orthogonal transmissions, there is an increased PSD on total received signal.
	No
(Remains the same)
	No
	No
	Yes
(From the perspective of having more BL/CE devices over the same time-frequency resources)
Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed.



[bookmark: _Hlk518909649]The Rel-15 discussions resulted in adopting the sub-PRB multiple access technique for increasing the PUSCH spectral efficiency because in addition to fulfilling the main objective, it brought side benefits and was considered to be less complex to implement than the other multiple access techniques. Hence, in Rel-16 it seems to be natural to continue improving sub-PRB (e.g., an even further spectral efficiency improvement), unless other multiple access technique can be proven to offer any other significant advantage over sub-PRB.
[bookmark: Observation_3]Observation 3: In terms of “orthogonal (multi) access schemes”, in Rel-15 several techniques were discussed from which the sub-PRB was adopted. Hence, unless other multiple access technique can be proven to offer any significant advantage over sub-PRB, in Rel-16 it might be seen as natural continue improving sub-PRB (e.g., by considering an even further spectral efficiency improvement).
[bookmark: P2]Proposal 2: Potential improvements related to “orthogonal (multi) access schemes” should consider enhancing sub-PRB transmission over PUSCH (e.g., by considering an even further spectral efficiency improvement).
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.

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. 
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 Msg1 or Msg2.
[bookmark: P3]Proposal 3: Consider enhancing Early Data Transmission (EDT) by further eliminating signalling steps such as Msg1 or Msg2.
2.3.1	Semi-Persistent Scheduling (SPS)
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. For LTE-M devices, periodic sensor reporting can be seen as a potential use case for SPS; however, LTE-M supports semipersistent scheduling (SPS) only in CE Mode A. Hence, extending the usage of SPS in CE Mode B can be seen as a way of improving the UL transmission efficiency and/or UE power consumption. In relation to the TA discussion, a long-term SPS grant could be used to enable fast UL transmissions.
[bookmark: Observation_5]Observation 5: For LTE-M devices, periodic sensor reporting can be seen as a potential use case for Semipersistent Scheduling. Hence, extending the usage of SPS in CE Mode B can be seen as a way of improving the UL transmission efficiency and/or UE power consumption.
[bookmark: P4]Proposal 4: Discuss the potential benefits of supporting semipersistent Scheduling (SPS) in CE Mode B.
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 to reduce the likelihood of retaining an obsolete TA value. Moreover, RAN1 could also consider finding a way to determine if a formerly granted TA is still valid, so a device can maintain a valid TA configuration during idle mode without requiring new TA command from eNB, in such a way that it could initiate transmission of user data. Moreover, maintaining a valid TA becomes relevant to BL/CE UEs configured with long eDRX cycles.

· Multiple Access Techniques Related Improvements
Observation 3: In terms of “orthogonal (multi) access schemes”, in Rel-15 several techniques were discussed from which the sub-PRB was adopted. Hence, unless other multiple access technique can be proven to offer any significant advantage over sub-PRB, in Rel-16 it might be seen as natural continue improving sub-PRB (e.g., by considering an even further spectral efficiency improvement).
· 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 Msg1 or Msg2.

· Semi-persistent Scheduling
Observation 5: For LTE-M devices, periodic sensor reporting can be seen as a potential use case for Semipersistent Scheduling. Hence, extending the usage of SPS in CE Mode B can be seen as a way of improving the 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. This includes finding ways to determine 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: Potential improvements related to “orthogonal (multi) access schemes” should consider enhancing sub-PRB transmission over PUSCH (e.g., by considering an even further spectral efficiency improvement).

· Other Potential Areas of Improvement
· Early Data Transmission
Proposal 3: Consider enhancing Early Data Transmission (EDT) by further eliminating signalling steps such as Msg1 or Msg2.

· Semi-persistent Scheduling
Proposal 4: Discuss the potential benefits of supporting semipersistent Scheduling (SPS) in CE Mode B.
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