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[bookmark: _Ref409106980]Introduction
One of the objectives of the REL-14 NB-IoT enhancements work item is to reduce power consumption and latency. This can be achieved by supporting 2 HARQ processes in both downlink and uplink, and increasing the maximum transport block size (TBS) of NPDSCH and NPUSCH. [1]
In this contribution, we discuss the benefits of using two HARQ processes for NPUSCH, in terms of increases in average throughput. The increase in average throughput results in lower latency and improvement in UE power efficiency.
Rel-13 limitation
In Rel-13, only a single HARQ process is supported for both downlink and uplink. For the uplink, the timing relationship, NPDCCH search space periodicity, and maximum TBS of NPUSCH altogether limit the throughput and latency in the uplink.
The following timing relationships are considered.
· The UE search space is configured to have , and . And thus the search space period is . See Error! Reference source not found.. One search space in this case consists of 2 valid subframes. 
· A 8 ms gap exists between the NPDCCH DCI and the scheduled NPUSCH.
· A 3 ms gap between NPUSCH and the NPDCCH DCI. When such time relationship is satisfied, but the subframe is taken by NPBCH/NPSS/NSSS, the NPDCCH DCI is postponed to the next available subframe as long as there is at least 4 ms gap before the next NPDCCH search space.
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Figure 1: Search space definition. (, and .)
An example of scheduling a series of uplink transport blocks of maximum size 1000 bits for a UE in good radio conditions is shown in Error! Reference source not found.. Each row represents 20 subframes (SFs) with the top row indicating the subframe numbers. The signals carried in the first 20 subframes are indicated in the 2nd row, and the subsequent rows indicate the signals carried in subsequent subframes. The subframes indicated with “C” are subframes with NPDCCH DCI for scheduling the NPUSCH. The subframes indicated with “U” are NPUSCH subframes. NPBCH, NPSS, and NSSS subframes are indicated by “B”, “P”, and “S”, respectively.
It is seen that in this case, NPBCH/NPSS/NSSS result in an increase in latency due to the postponement of DCI. The spacings between DCI’s are 16 ms, 16 ms, 18 ms, 21 ms, 16 ms, 16 ms, etc. The average latency for a large number of transport blocks is actually close to 17.2 ms, and thus the average uplink throughput is 58.3 kbps. Note that if collision with NPBCH/NPSS/NSSS has not been accounted for, the average latency and throughput for delivering a series of uplink transport blocks of maximum size 1000 bits would have been 16 ms and 62.5 kbps, respectively.

Observation 1: The maximum uplink throughput in Rel-13 with , and  is limited to approximately 58.3 kbps.

Table 1: An example of delivering a series of uplink transport blocks of maximum size 1000 bits for a UE in good coverage. C: subframes carrying DCI, U: subframes carrying NPUSCH, B: NPBCH, P: NPSS, S: NSSS.
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Timing relationship
To minimize the impact on specifications, we propose that the existing Rel-13 timing relationships such as the gap between NPDCCH carrying DCI and NPUSCH and the gap between NPUSCH and NPDCCH carrying the next DCI are maintained when two HARQ processes are used.

Proposal 1: The existing Rel-13 timing relationships such as the gap between NPDCCH carrying DCI and NPUSCH and the gap between NPUSCH and NPDCCH carrying the next DCI are maintained when two HARQ processes are used.

However, a new timing relationship, i.e. the gap between the two NPUSCHs must be introduced. The maximum throughput achieved by using two HARQ processes may depend on the value of such a gap, as shown in Table 2. Here, we assume that each HARQ process carries a 1000-bit transport block. We also assume that one DCI is used per HARQ process, and the two DCIs required for scheduling the two NPUSCHs are transmitted in the same subframe each using aggregation level (AL) 1. Figure 2 illustrates timing relationships for two HARQ processes.
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[bookmark: _Ref463008514]Figure 2: Time relationships for 2 HARQ processes (C: NPDCCH carrying DCI; D1: NPDSCH1; NPDSCH2; A/N: NPUSCH carrying ACK/NACK)





We see in Table 2 that there is no difference in throughput if the gap is between 2 ms and 3 ms. Furthermore, compared to the achievable throughput with a single HARQ process (i.e. 58.3 kbps, see Section 2 above), there is an increase in maximum UL throughput by 43%.

[bookmark: _Ref462918391]Table 2: Maximum UL throughput achieved by using two HARQ processes, each transmitting a 1000-bit transport block.
	
	Gap between two NPUSCHs

	
	2 ms
	3 ms
	4ms

	Throughput 
	83.3 kbps
	83.3 kbps
	75.0 kbps




Observation 2: For TBS 1000 bits, same UL throughput is achieved when the gap between the two NPUSCHs is between 2 ms and 3 ms.

Observation 3: Using two HARQ processes alone increases the maximum uplink throughput by 43% to 83.3 kbps. 
1 Increase maximum TBS
In [2], it is proposed that the maximum NPUSCH TBS is increased to 1576 bits. If a 1576-bit transport block is carried in each of the two HARQ processes, the uplink throughput is further increased to 105.0 kbps. Compared to Rel-13, this is an increase of 80%.

Observation 4: If the maximum TBS is increased to 1576, with 2 HARQ processes the uplink throughput is further increased to 105.0 kbps. Compared to Rel-13, this is an increase of 80%.
Conclusion
In this contribution, we discuss the benefits of using two HARQ processes for NPUSCH, in terms of increases in average throughput. The increase in average throughput results in lower latency and improvement in UE power efficiency. We make the following observations and proposals.

Observation 1: The maximum uplink throughput in Rel-13 with , and  is limited to approximately 58.3 kbps.
Observation 2: For TBS 1000 bits, same UL throughput is achieved when the gap between the two NPUSCHs is between 2 ms and 3 ms.
Observation 3: Using two HARQ processes alone increases the maximum uplink throughput by 43% to 83.3 kbps. 
[bookmark: _GoBack]Observation 4: If the maximum TBS is increased to 1576, with 2 HARQ processes the uplink throughput is further increased to 105.0 kbps. Compared to Rel-13, this is an increase of 80%.

Proposal 1: The existing Rel-13 timing relationships such as the gap between NPDCCH carrying DCI and NPUSCH and the gap between NPUSCH and NPDCCH carrying the next DCI are maintained when two HARQ processes are used.
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