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Introduction
[bookmark: OLE_LINK1]One of the main KPIs (key performance indicator) for LTE IoT is power consumption for the UE. UE’s in this segment are expected to have battery life measured in to 10 or preferably 15 years. Therefore, any reduction in a UE’s power consumption is to be promoted. In release 15, a new feature to preserve power consumption has been introduced: early-HARQ ACK for BL UE’s. This feature allows for full duplex FDD and TDD efeMTC UE’s to stop their uplink transmission while in repetitions. This feature was not introduced for HD-FDD eMTC UE’s and NB-IoT devices because of UCG timing restrictions.
However, with the addition of TDD for NB-IoT in Release 15, and a solution proposed in this contribution, it will be shown it’s possible to allow for an early UL transmission termination for NB-IoT devices.
[bookmark: _Ref129681832]Discussion
HARQ-ACK for NB-IoT TDD
In Rel-15 TDD for NB-IoT was concluded [1]. The supported NPUSCH formats for HD-FDD are supported for TDD type transmission. The same number of repetitions are supported for NPUSCH in TDD. Considering downlink subframes interwoven within the transmission, one can see an UL transmission may go well over 4 seconds.
In TDD type transmission, both uplink and downlink communication are in the same carrier. Therefore, there is less need for resynchronization as the synchronization signals are interwoven within the uplink transmission. Currently, in case a transmission has been successful before the transmission ends, there is no way for the UE to be aware of. Consequently, an addition of DCI for early HARQ-ACK in TDD transmission can be used to terminate uplink transmission. Thus, conserving uplink resources for the network and conserving energy for the UE.
Observation 1: Early HARQ-ACK can improve power consumption for NB-IoT TDD devices
HARQ-ACK for HD-FDD
Uplink Transmission in HD-FDD NB-IoT
Uplink transmission in Half duplex FDD devices has several NPUSCH formats [2] seen in Table 1. Each of these transmissions may take up to 128 repetitions. Considering uplink compensation gap (UCG) of 40ms after every 256ms of transmission, an UL transmission can take up to 4.726sec. 

	NPUSCH format
	[image: ]
	
	
	

	1
	3.75 kHz
	1
	16
	7

	
	15 kHz
	1
	16
	

	
	
	3
	8
	

	
	
	6
	4
	

	
	
	12
	2
	

	2
	3.75 kHz
	1
	4
	

	
	15 kHz
	1
	4
	


[bookmark: _Ref520290191]Table 1 - Supported combinations for RU format (36.211-10.1.2.3-1)
Observation 2: Uplink transmission time for NB-IoT TDD devices can be over 4 seconds per transmission with repetitions.

The Need of Early HARQ-ACK
When transmitting in NPUSCH format 1 with Δf=3.75kHz subcarrier spacing, a maximum transmission time may be up to 4.726 seconds. for an AWGN channel with different SNR points we calculated the BLER for each SNR point. This is represented in Table 2, each column represents a number of repetitions for the transmission and each row represents an SNR point. We consider that each UCG gap could be an opportunity for an early HARQ-ACK transmission (to be further explored below) and so, we calculate the BLER up to each of the UCG occasions, i.e. after each 8 repetitions.

	Reps
SNR
	1
	8
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96
	104
	112
	120
	128

	-19
	1
	1
	1
	0.97
	0.9
	0.78
	0.6
	0.44
	0.29
	0.19
	0.1
	0.05
	0.03
	0.02
	0.01
	0.01
	0

	-17.5
	1
	1
	0.98
	0.87
	0.66
	0.41
	0.23
	0.11
	0.05
	0.03
	0.02
	0.01
	0.01
	0
	0
	0
	0

	-17
	1
	1
	0.97
	0.8
	0.53
	0.27
	0.14
	0.07
	0.03
	0.01
	0
	0
	0
	0
	0
	0
	0

	-16
	1
	1
	0.88
	0.57
	0.26
	0.09
	0.03
	0.01
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-14
	1
	0.96
	0.53
	0.13
	0.03
	0.01
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-13
	1
	0.91
	0.27
	0.04
	0.01
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-12.6
	1
	0.85
	0.18
	0.02
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-12
	1
	0.78
	0.11
	0.01
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-11
	1
	0.56
	0.03
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-10
	1
	0.28
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-7.5
	1
	0.01
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-5
	0.97
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


[bookmark: _Ref520801959]Table 2 - BLER[footnoteRef:1] for SNR & repetition combination transmitting PUSCH with RU type 1 Δf=3.75KHz [1:  BLER is rounded to nearest 1/100 for easier viewing.] 

Looking at Table 2, one could see the probability of correct UL decoding per number of repetitions. The corresponding relative power consumption reduction from early transmission termination, is given in Table 3. The energy conservation shown in Table 3 is calculated assuming UL transmission was successful with a probability of 1-BLER. Assuming, the eNB chooses the number of repetitions per transmission by specifying BLER of less than 0.1, we may calculate the energy conservation percentage. This can be seen in Table 4. Assuming uplink early HARQ-ACK, it can be seen for low SNR (extended coverage) there is an increase of power conservation for the UE. This is without considering UE’s resynchronization power requirement.

	Reps
SNR
	1
	8
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96
	104
	112
	120
	Rmax

	-19
	0
	0
	0.26
	2.36
	7.5
	15.4
	25.19
	31.67
	35.55
	35.53
	33.6
	29.72
	24.35
	18.36
	12.34
	6.21
	128

	-17.5
	0
	0
	1.84
	10.97
	25.8
	40.7
	48.31
	50.01
	47.35
	42.57
	36.75
	30.84
	24.8
	18.69
	12.49
	6.24
	128

	-17
	0
	0
	2.63
	15.93
	35.33
	49.98
	53.63
	52.54
	48.75
	43.4
	37.35
	31.22
	25
	18.73
	12.49
	6.25
	128

	-16
	0
	0.35
	8.7
	26.94
	37.05
	34.09
	24.25
	12.33
	-
	-
	-
	-
	-
	-
	-
	-
	64

	-14
	0
	3.68
	35.33
	54.5
	48.6
	37.2
	25
	12.5
	-
	-
	-
	-
	-
	-
	-
	-
	64

	-13
	0
	8.14
	54.53
	60.19
	49.55
	37.5
	25
	12.5
	-
	-
	-
	-
	-
	-
	-
	-
	64

	-12.6
	0
	11.63
	40.85
	24.58
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-12
	0
	16.2
	44.4
	24.85
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-11
	0
	32.85
	48.5
	25
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-10
	0
	54
	49.95
	24.98
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-7.5
	0.28
	49.45
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	16

	-5
	1.55
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2


[bookmark: _Ref520810866]Table 3 – Normalized percentage of energy conservation

	       R
SNR
	1
	8
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96
	104
	112
	120
	

	-19
	-
	-
	0.26
	2.36
	7.5
	15.4
	25.19
	31.67
	35.55
	35.53
	33.6
	29.72
	24.35
	18.36
	12.34
	6.21
	128

	-17.5
	-
	-
	1.58
	8.44
	17.2
	22.2
	19.33
	11.11
	-
	-
	-
	-
	-
	-
	-
	-
	64

	-17
	-
	-
	2.25
	12.25
	23.55
	27.26
	21.45
	11.68
	-
	-
	-
	-
	-
	-
	-
	-
	64

	-16
	-
	0.35
	8.7
	26.94
	37.05
	34.09
	24.25
	12.33
	-
	-
	-
	-
	-
	-
	-
	-
	64

	-14
	-
	3.15
	23.55
	21.8
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-13
	-
	6.98
	36.35
	24.08
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-12.6
	-
	11.63
	40.85
	24.58
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-12
	-
	16.2
	44.4
	24.85
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	32

	-11
	-
	21.9
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	16

	-10
	-
	36
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	16


[bookmark: _Ref520815377]Table 4 - Percentage of energy conservation by choosing repetitions by BLER ≤ 0.1
Observation 3: Early HARQ-ACK can increase energy conservation for the UE.
Another advantage of early HARQ-ACK is the release of uplink resources when the UL transmission ends.  
Observation 4: Early HARQ-ACK can increase availability of UL resources for the network.
A counter argument might be an eNB might use less repetitions then required and then allocate more repetitions as needed. This approach might be problematic as it requires more signaling overhead as the signaling messages might require repetitions as well.
Uplink Compensation Gap as a possibility
During UCG the UE is required to return to the anchor carrier for resynchronization using the resynchronization signals. If a transmission is longer then 256ms, the UE will return to the anchor carrier to synchronize back to the serving carrier frequency. When, the UE returns to the serving carrier, the 40ms are just enough for resynchronization [3]. Therefore, a transmission of DCI for early HARQ-ACK is not possible when considering the 40ms resynchronization time in the current scheme.
Observation 7: A HD type B NB-IoT device cannot both resynchronize and decode PDCCH message for early HARQ-ACK.
A possible solution for this issue is to include a signal for synchronization and early HARQ transmission. This signal shall be called in this contribution early transmission termination signal, or ETTS.
Observation 6: A signal that allows both synchronization and HARQ feedback will enable early HARQ-ACK for HD type B NB-IoT device.
Early Transmission Termination Signal - ETTS 
An ETTS would be a signal that allows the UE to both synchronize to the carrier and to receive an ACK/NACK message from the NW
By utilizing the resynchronization time, we can preserve some of the transmitted energy. When UL early data termination is available, the UE will not use NPSS\NSSS for re-synchronization, but instead look for another UE specific synchronization signal e.g. a WUS-like (wake up signal) signal from the network - ETTS. By multiplying the ETTS by a pseudo-noise sequence it can be used as an ACK transmission and another as a NACK transmission. Thus, the UE would be able to look for the ETTS while trying to re-synch, achieving both resynchronization and receiving feedback from the network about the transmission. This method can be viewed in Figure 1 where there’s a time sequence representation. In the example in the figure the UE first transmit using format 1 with Δf=3.75KHz. This means each RU is 32ms. Therefore, 8 re-transmission will occur before re-synchronization. The second transmission will still use NPUSCH format 1 but this time with Δf=15KHz with . This means each RU is 8ms, and simply 32 re-transmission will occur before re-synchronization begins. 
	NPUSCH format\Repetitions
	16
	32
	64
	128

	
	2
	4
	8
	16

	
	-
	1
	2
	4

	
	-
	-
	1
	2

	
	-
	-
	-
	1

	
	-
	-
	-
	-


[bookmark: _Ref520887878]Table 5 - Number of ETTS occurences per NPUSCH format and repetitions
Table 5 shows the number of resynchronization occurrences per repetition number and NPUSCH format. the number of resynchronization occurrences is also the number of  ETTS occurrences. There are several combinations that allow only for one ETTS occasion because the transmission ends after 256ms exactly. 
[image: ]
Figure 1 - Time-sequence diagram of 2 types of UL transmissions for ETTS
The sequence may have different lengths depending on R_max. For example, a high R_max will result in higher L_ZC. The outcome will be more granularity, ZC sequence resources, and lower probability of false detection.
The ETTS can be defined by any asynchronous signal. Whether a pseudo-random noise (PN) sequence or a Zadoff-Chu sequence can be decided later. The main advantage is the ETTS is condensed into several sequential subframes, thus allowing for faster resynchronization and faster overall transmission time. Along with the ability to be transmitted bot on anchor and non-anchor carriers.
Taking this into account, an addition of ETTS will have several other advantages over normal synchronization procedure using NPSS and NSSS.
Observation 7: An ETTS signal will have several advantages over normal synchronization procedure.
As the UE depends on the ETTS for synchronization, an ETTS would need to be transmitted within every UCG.
Observation 8: An ETTS will need to be transmitted both for ACK and NACK.
[bookmark: OLE_LINK2]Proposal 1: Support early HARQ-ACK for NB-IoT and HD-FDD MTC devices
Conclusion
In this contribution we make the following observations and proposals:
Observation 1: A DCI message similar to Rel-15 early HARQ-ACK is relevant for NB-IoT TDD devices.
Observation 2: Uplink transmission time for NB-IoT TDD devices can be over 4 seconds per transmission with repetitions.
Observation 3: Early HARQ-ACK can increase energy conservation for the UE.
Observation 4: Early HARQ-ACK can increase availability of UL resources for the network.
Observation 5: A HD type B NB-IoT device cannot both resynchronize and decode PDCCH message for early HARQ-ACK.
Observation 6: A signal that allows both synchronization and HARQ feedback will enable early HARQ-ACK for HD type B NB-IoT device.
Observation 7: An ETTS signal will have several advantages over normal synchronization procedure.
Observation 8: An ETTS will need to be transmitted both for ACK and NACK.
Proposal 1: Promote early HARQ-ACK for NB-IoT and HD-FDD MTC devices
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