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[bookmark: _Ref409106980]Introduction
One of the objectives of the Release 14 NB-IoT enhancements work item is to reduce power consumption and latency. In a separate contribution [1] we have discussed the benefits of doing so by introducing two HARQ processes and compared this with a straight forward increase of the NPDSCH TBS. Our analysis showed that further increased NPDSCH TBS has several advantages over the introduction of two HARQ processes. Based on this we proposed that RAN1 should further increase the NPDSCH TBS instead of pursuing the specification of two HARQ processes.
In case RAN1, despite our recommendation, decides to move forth with the specification of two HARQ processes, this contribution proposes a new NPUSCH Format 2 to support the bundling of the two ACK/NACK’s for two HARQ processes scheduled by the same DCI as proposed in [2]. Bundling two ACK/NACK’s results in a slightly higher NPDSCH throughput compared to when the two ACK/NACK’s are sent in sequential order.
Rel-13 NPUSCH Format 2



NPUSCH Format 2 is used to carry HARQ ACK/NACK. The one bit information of HARQ ACK/NACK  is coded according to Table 1, where for a positive acknowledgement = 1 and for a negative acknowledgement = 0.

[bookmark: _Ref465849146]Table 1: HARQ ACK/NACK encoding.
	HARQ ACK/NACK 

<>  
	HARQ ACK/NACK code word
< b0, b1, b2,…,b15 >

	0
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>

	1
	<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>



The 16-bit HARQ ACK/NACK codeword is modulated according to/2-BPSK modulation.

ACK/NACK bundling
To support ACK/NACK bundling, one simple solution is the encode the two ACK/NACK bits separately using Table 1, to get the two codewords ( and (. Here, the superscript indicates the HARQ process number. Bit par  can be mapped to /4-QPSK modulation which is supported for NPUSCH Format 1 in Rel-13. In this case, the bundled ACK/NACK can be sent in 2 ms and 8 ms for the cases of 15 kHz and 3.75 kHz subcarrier spacings, respectively.
The performance of the proposed ACK/NACK bundling solution is shown in Figure 1 based on simulation parameters described in Table 2. Here, the bit error rate (BER) performance is shown. A bit error is defined as a NACK detected as ACK, or vice versa. The link budget based on 1% BER is shown in Table 3. It can be seen that although bundling results in a 2.7 dB loss, the achieved maximum coupling loss (MCL) of 151 dB is still sufficient for situations where using 2 HARQ processes is expected to improve the downlink throughput. ACK/NACK bundling can be used when the two HARQ processes are scheduled by the same DCI, as proposed in [2]. If the two HARQ processes are scheduled sequentially, the UE can fall back to the more robust Rel-13 format.
[image: ]
[bookmark: _Ref465850502]Figure 1: Performance of NPUSCH Format 2. (15 kHz subcarrier spacing, one repetition, i.e. 2 ms TTI)

[bookmark: _Ref434312069]Table 2: Simulation assumptions for link level evaluations
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Interference/noise
	Sensitivity

	Antenna configuration
	BS: 2 Rx
MS: 1 Tx

	Timing error
	Randomly distributed between [-3.125, 3.125] us.

	Frequency error
	 F_offset(t) = F_est_error + (F_drift_active * t). 

	Frequency error  (F_est_error)
	Randomly chosen from the set {-50, 50} Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	MS transmit power (dBm)
	23 dBm

	Thermal noise density (dBm/Hz)
	-174

	BS Receiver noise figure (dB)
	3



[bookmark: _Ref465851307]Table 3: Link budget of NPUSCH Format 2
	
	Rel-13
	Bundling

	(1) Transmit power (dBm)
	23.0
	23.0

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3

	(4) Occupied channel bandwidth (Hz)
	15000
	15000

	(5) Effective noise power = (2) + (3) + 10 log ((4))  (dBm)
	-129.2
	-129.2

	(6) Required SINR (dB)
	-1.6
	1.1

	(7) Receiver sensitivity = (5) + (6) (dBm)
	-130.8
	-128.1

	(8) Max coupling loss  = (1) - (7) (dB)
	153.8
	151.1




Proposal 1: HARQ ACK/NACK bundling is supported if the 2-HARQ feature is introduced in Rel-14.

Summary
In this contribution, we propose a new NPUSCH Format 2 to support the bundling of the two ACK/NACK’s for two HARQ processes scheduled by DCI’s within the same search space period. Bundling two ACK/NACK’s results in a slightly higher NPDSCH throughput compared to when the two ACK/NACK’s are sent in sequential order. The proposed solution is a simple extension of the Rel-13 NPUSCH Format 2, extending the /2-BPSK modulation to /4-QPSK modulation, which is already supported by NPUSCH Format 1 in Rel-13. We show that the proposed new format achieves 151 dB MCL, which is sufficient for situations where using 2 HARQ processes is expected to improve the downlink throughput.

Proposal 1: HARQ ACK/NACK bundling is supported if the 2-HARQ feature is introduced in Rel-14.
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