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One of the objectives of the Release 14 NB-IoT enhancements work item is to reduce power consumption and latency. At RAN1#87 it was agreed to introduce two HARQ processes to facilitate this reduction:

· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits
· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 
· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 
· The gap between NPUSCH to any DL reception is ≥ 1ms. 
· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes
· HARQ process ID is indicated DL grant DCI with one bit
· Monitored only in USS
· FFS TBS table details.
· Soft buffer size is FFS until next RAN1#88
· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2

This contribution shows that with each HARQ process maintaining the legacy Rel-13 timing relationship, there are many cases where the DCI’s point to the same NPUSCH Format 2 resource for signalling ACK/NACK’s for the two HARQ processes. We discuss the possibility of using the same NPUSCH Format 2 resource for signalling the two ACK/NACK feedbacks.
Rel-13 NPUSCH Format 2



In Rel-13, 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 [1].

[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 code word is modulated according to/2-BPSK modulation.
Two HARQ processes sharing the same NPUSCH Format 2 resource
Considering the agreement of “Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes”, the ACK/NACK feedbacks for the two HARQ processes are naturally scheduled with separate NPUSCH Format 2 resources. For such, the Rel-13 NPUSCH Format 2 can be reused.
However, there is a benefit of allowing the two NPUSCH Format 2 transmissions share the same radio resource when the situation allows.
· The UE is in extended coverage up to around 151 dB, and therefore transmitting two NPUSCH Format 2 simultaneously does not post a coverage problem for the UE. 
· Timing relationship and schedule delay for the two HARQ processes point to the same or overlapping NPUSCH Format 2 resource.
An example of the two DCIs for the two HARQ processes pointing to the same NPUSCH Format 2 resource is illustrated in Fig. 1. In the illustration, the HARQ process number is the number in the parentheses. As illustrated, certain relationships between the NPDSCH resource allocations () and the scheduling delays of NPDSCH and NPUSCH Format 2 may result in the same NPUSCH Format 2 resource is used for reporting ACK/NACK for the two HARQ processes. In such cases, if NPUSCH Format 2 is designed to allow the two ACK/NACK’s to share the same radio resource, there is one less scheduling restriction, which increases scheduling flexibility. This is also in line with the agreement to use the Release 13 timing relations without any limitations.
Examples of the two DCI’s for scheduling the two HARQ processes pointing to the same resource for NPUSCH Format 2 signalling ACK/NACK’s are listed in the Appendix. Note that the examples listed do not form a complete list. We only list examples which have R=1 for both NPDCCH and NPDSCH and with the two DCI’s either transmitted in the same subframe or in consecutive subframes. There are additional examples for R>1, either NPDCCH or NPDSCH, or other timing offsets between the two DCI’s. Note that in all examples, the Rel-13 timing relationship is used for each HARQ process. Note also that without a NPUSCH Format 2 solution allowing the two ACK/NACK’s to share the same NPUSCH Format 2 resource, these cases would have to be avoided by the scheduler, imposing cumbersome scheduling restrictions.

Observation 1: Supporting sharing the same NPUSCH Format 2 resource among the two HARQ processes eases scheduling restrictions and improves scheduling flexibility. It is also in line with the agreement to “Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes”.



Figure 1: An example illustrating the two DCIs for the two HARQ processes pointing to the same NPUSCH Format 2 resource.
 

ACK/NACK supporting two HARQ processes
We propose that the Rel-13 NPUSCH Format 2 is used for signalling ACK/NACK feedbacks for HARQ process 0. Thus, the codeword ( is generated according to Table 1 in section 2, and the 16-bit HARQ ACK/NACK codeword is modulated according to 2-BPSK modulation. Here, the superscript indicates the HARQ process number.
For HARQ process 1, the codeword ( is also generated according to Table 1 in section 2, and the 16-bit HARQ ACK/NACK codeword is modulated according to 2-BPSK modulation but with an additional 2 rotation.
Table 2 shows the signal constellation of NPUSCH Format 2 for signalling ACK/NACK of the two HARQ processes. It can be seen that the constellation points chosen for the two processes are orthogonal. Furthermore, for each HARQ process, NPUSCH Format 2 is like 2-BPSK modulation in the sense that the signal constellation alternates between (1, -1) and (j, -j). Thus, the eNB can treat them separately without knowing whether the same NPUSCH Format 2 resource is used to signal both ACK/NACK’s. Although the eNB knows that its scheduler points to the same NPUSCH Format 2 resource, the UE may miss one of the DCI’s and as a result may signal only one of the ACK/NACKs. Thus, treating the two ACK/NACK individually as 2-BPSK modulation on the eNB side is advantageous.

Table 2: Constellation of NPUSCH Format 2.
	
	even-numbered symbol
	odd-numbered symbol

	Process 0
	(1,-1)
	(j, -j)

	Process 1
	(j, -j)
	(1, -1)




The performance of the proposed NPUSCH Format 2 when both HARQ processes share the same NPUSCH Format 2 resource is shown in Figure 2 based on simulation parameters described in Table 3. 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 4. It can be seen that although there is a 2.7 dB loss when both HARQ’s use the same NPUSCH Format 2 resource for ACK/NACK feedbacks, 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. 
[image: ]
[bookmark: _Ref465850502]Figure 2: Performance of NPUSCH Format 2. (15 kHz subcarrier spacing, one repetition, i.e. 2 ms TTI)

[bookmark: _Ref434312069]Table 3: 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 4: Link budget of NPUSCH Format 2
	Parameter
	Rel-13
	Sharing NPUSCH Format 2 resource

	(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: Reuse Rel-13 NPUSCH Format 2 design for HARQ process 0.
Proposal 2: Apply an additional constant /2 rotation to the Rel-13 NPUSCH Format 2 design for HARQ process 1.
Summary
In this contribution, we discuss the possibility of using a new NPUSCH Format 2 to support the ACK/NACK signaling for two HARQ processes. The proposed NPUSCH Format 2 allows the two HARQ processes to share the same NPUSCH Format 2 resource. This removes certain scheduling restriction, which increases scheduling flexibility and follows the made agreement on maintaining the Rel-13 timing relationships. The proposed solution reuses the legacy Rel-13 NPUSCH Format 2 for HARQ process 0. For HARQ process 1, the proposed solution introduces a constant /2 rotation to the Rel-13 NPUSCH Format 2. 
We show that the proposed solution achieves 151 dB MCL when the two HARQ’s share the same NPUSCH Format 2 resource. The performance is adequate for situations where using 2 HARQ processes is expected to improve the downlink throughput.

Observation 1: Supporting sharing the same NPUSCH Format 2 resource among the two HARQ processes eases scheduling restrictions and improves scheduling flexibility.

Proposal 1: Reuse Rel-13 NPUSCH Format 2 design for HARQ process 0.
Proposal 2: Apply an additional constant /2 rotation to the Rel-13 NPUSCH Format 2 design for HARQ process 1.
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Appendix
In the appendix, we list examples of the two DCI’s for scheduling the two HARQ processes pointing to the same resource for NPUSCH Format 2 signalling ACK/NACK’s. These examples are those with R=1 for both NPDCCH and NPDSCH and with the two DCI’s either transmitted in the same subframe or in consecutive subframes. There are additional examples for R>1, either NPDCCH or NPDSCH, or other timing offsets between the two DCI’s. Note that in all examples, the Rel-13 timing relationship is used for each HARQ process.


Table 5: Examples of the two DCI’s for scheduling the two HARQ processes pointing to the same resource for NPUSCH Format 2 signalling ACK/NACK’s. The examples listed are all with aggregation level 1 for NPDCCH with the two DCI’s transmitted in the same subframe, and R=1 for both NPDSCH’s.





Table 6: Examples of the two DCI’s for scheduling the two HARQ processes pointing to the same resource for NPUSCH Format 2 signalling ACK/NACK’s. The examples listed are all with aggregation level 2 and R=1 for NPDCCH, with the two DCI’s transmitted in consecutive subframes, and R=1 for both NPDSCH’s.
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