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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 increasing the maximum NPUSCH TBS in terms of increases in average throughput. The increase in average throughput results in lower latency and improvement in UE power efficiency.
[bookmark: _GoBack]This contribution is an update of R1-1610399.
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 R_max=2, and G=4. And thus the search space period is T=8. See Figure 1. 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.


[image: ]
Figure 1: Search space definition. (R_max=2, and G=4.)
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 Table 1. 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 R_max=2, and G=4 is limited to approximately 58.3 kbps.

[bookmark: _Ref462819442]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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Benefits of increasing maximum transport block sizes
In Rel-13, the TBS table for NPUSCH was specified as shown in Table 2. (Note that those highlighted values in Table 2 were not specified in Rel-13.) The I_RU is used to indicate the number of resource units (N_RU) for NPUSCH according to Table 3. Thus N_RU can only be 1, 2, 3, 4, 5, 6, 8, or 10. To minimize the impact on specifications, e.g. allowing reusing the same Rel-13 DCI format for a single HARQ process and maintaining agreed timings, we propose that the same sets of N_RU and I_TBS are used in Rel-14.
Proposal 1: Rel-14 reuses the same sets of N_RU and I_TBS as defined in Rel-13.

[bookmark: _Ref463516855]Table 2: Rel-13 TBS table for NPUSCH. (the highlighted elements were not specified in Rel-13)
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Table 3: Number of resource units (N_RU) defined in Rel-13 for NPUSCH.
	I_RU
	N_RU

	0
	1

	1
	2

	2
	3

	3
	4

	4
	5

	5
	6

	6
	8

	7
	10




For increasing the throughput in Rel-14, the values on Table 2 not included in Rel-13 may be considered. In the discussion below, we consider 12-tone NPUSCH transmissions, and thus one resource unit spans 1 ms in time. Using the same timing relationship as described in Section 2, the uplink throughputs achieved are shown in Table 4, and the benefits of using a maximum TBS beyond 1000 bits are summarized in Table 5. The throughput gains versus maximum TBS are plotted in Figure 2. It is seen that the maximum NPUSCH TBS needs to go beyond 1736 in order to achieve a throughput gain, relative to the maximum Rel-13 uplink throughput, by more than 25%. Furthermore, from Figure 2, we see that Increasing the maximum TBS from 680 to 1352 has the highest throughput gains relative to the TBS increase.

[bookmark: _Ref463518012]Table 4: Throughputs (kbps) achieved by currently defined as well as extended NPUSCH TBS’s. The corresponding TBSs are listed in Table 2.
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Table 5: Throughput increases when maximum TBS is increased
	Maximum TBS
	Throughput (kbps)
	Throughput Increase (%)

	1000
	58.3
	0.0

	1096
	45.7
	-21.7

	1128
	56.6
	-2.9

	1192
	59.8
	2.6

	1224
	51.0
	-12.5

	1256
	52.3
	-10.2

	1352
	67.8
	16.3

	1384
	57.7
	-1.1

	1544
	64.3
	10.4

	1608
	67.0
	14.9

	1736
	72.3
	24.1

	1800
	75.0
	28.7

	2024
	84.4
	44.7

	2280
	95.0
	63.0
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[bookmark: _Ref463523982]Figure 2: Throughput gains versus maximum TBS.


Observation 2: Increasing the maximum TBS from 680 to 1352 has the highest throughput gains relative to the TBS increase.
Observation 3: The maximum NPUSCH TBS needs to go beyond 1736 in order to achieve a throughput gain, relative to the maximum Rel-13 uplink throughput, by more than 25%.
Conclusion
In this contribution, we discuss the benefits of increasing the maximum NPUSCH TBS 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 proposal:
Observation 1: The maximum uplink throughput in Rel-13 with R_max=2, and G=4 is limited to approximately 58.3 kbps.
Observation 2: Increasing the maximum TBS from 680 to 1352 has the highest throughput gains relative to the TBS increase.
Observation 3: The maximum NPUSCH TBS needs to go beyond 1736 in order to achieve a throughput gain, relative to the maximum Rel-13 uplink throughput, by more than 25%.
Proposal 1: Rel-14 reuses the same sets of N_RU and I_TBS as defined in Rel-13.
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0 16 32 56 88 120 152 208 256

1 24 56 88 144 176 208 256 344

2 32 72 144 176 208 256 328 424

3 40 104 176 208 256 328 440 568

4 56 120 208 256 328 408 552 680

5 72 144 224 328 424 504 680 872

6 88 176 256 392 504 600 808 1000

7 104 224 328 472 584 712 1000 1224

8 120 256 392 536 680 808 1096 1384

9 136 296 456 616 776 936 1256 1544

10 144 328 504 680 872 1000 1384 1736

11 176 376 584 776 1000 1192 1608 2024

12 208 440 680 1000 1128 1352 1800 2280
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5 4.5 9.0 14.0 19.1 21.3 25.3 28.3 36.3

6 5.5 11.0 16.0 22.9 25.3 30.1 33.7 41.7

7 6.5 14.0 20.5 27.5 29.3 35.7 41.7 51.0

8 7.5 16.0 24.5 31.3 34.1 40.5 45.7 57.7

9 8.5 18.5 28.5 35.9 38.9 47.0 52.3 64.3

10 9.0 20.5 31.5 39.6 43.7 50.2 57.7 72.3

11 11.0 23.5 36.5 45.2 50.2 59.8 67.0 84.4

12 13.0 27.5 42.5 58.3 56.6 67.8 75.0 95.0
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