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1 Introduction
In RAN #72, new draft Rel-14 WIDs on enhancement of NB-IoT were discussed. One potential item for Rel-14 NB-IoT enhancement is “Increased bitrate for NB-IoT” left for further discussion at the next RAN plenary meeting [1]. 
In this paper, the technical motivation for increasing bitrate for NB-IoT is discussed. Some potential techniques and UE complexity is analyzed. 
2 Peak data rate for Rel-13 NB-IoT
In Rel-13 NB-IoT, considering UE complexity, a single HARQ process is supported for both UL and DL. In addition, in order to reduce UE complexity, large process time is introduced, e.g., 4ms for NPDCCH decoding, 4ms for UL data preparing, 12ms for PDSCH decoding and ACK/NACK preparation. Furthermore, during the gap, a UE is not expected to receive NPDCCH, which will further restrict the next available NPDCCH search space. 
Figure 1 and Figure 2 show the minimal time required to complete one HARQ process for UL and for DL. For UL, 16ms are needed, matching a certain NPDCCH space periodicity. Therefore, the actual peak data rate for UL is 1000 bits/16ms = 62.5kbps. 

For DL, the minimal time from the NPDCCH-scheduled NPDCH to the end of ACK/NACK transmission + 3ms is 25ms. However, the search space of NPDCCH is in power of 2, thus the next available NPDCCH candidate is at 32ms. Therefore, the minimal time from the NPDCCH-scheduled NPDSCH to the next available NPDCCH candidate is 32ms. Thus, the actual peak data rate for DL is 680 bits/ 32ms = 21.25 kbps.
The above calculation is optimistic, e.g., not considering the subframe of NPSS/NSSS/NPBCH/SIB 1 nor scheduling restriction with other UEs. Therefore, the peak data rate in a real system is expected to be lower. 

Observation #1: The peak data rate of NB-IoT system for UL and DL is 62.5kbps and 21.25kbps respectively. The peak data rate in real system is expected to be lower considering collision with DL common channels.  
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1 UL HARQ process: min 16ms to deliver max 1000 bits





Figure 1 Data rate calculation for UL
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1 DL HARQ process: min 32ms to eliver max 530 bits




 Figure 2 Data rate calculation for DL
3 Data rata improvement

Supporting multiple HARQ process and larger TBS are two trivial ways to improve peak date rates. Figure 3 and Figure 4 show examples for peak data rate increase with 4 HARQ processes, resulting in 125kbps/77kbps for UL and DL. In these examples, the legacy timing offsets are kept. Shortening processing time is another way to improve peak data rates. However, it is expected to have signalling impact to report the UE capability to the eNB and to require extra effort to manage UEs supporting different timing offsets. In addition, with multiple HARQ processes filling most slots within two NPDCCH search spaces, the extra improvement on peak data rate with shorter timing offsets is limited. 

On top of multiple HARQ processes, larger TBS can be considered, which may also avoid segmentation overhead can may also benefit from Turbo coding gain for UL. 

Observation #2: 4 HARQ process can support a peak data rate of up to 125kbps/77kbps for UL and DL. Supporting larger TBS can further improve the peak data rate. Shortening UE processing time is not deemed to yield extra benefits whilst imposing additional complexity on UE and eNB.
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Figure 3 An example of UL peak data rate with 4 HARQ processes 
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Figure 4 An example of DL peak data rate with 4 HARQ processes 

UE complexity is a valid concern for peak date improvement. In Rel-11 MTC SI, supporting 1 HARQ process was discussed but resulted in less than 1% of complexity reduction (Ref TR 36.888).The complexity impact to support more (e.g., up to 4) HARQ processes is not expected to be significant. Similarly, in Rel-11 MTC SI, TBS reduction was one of the adopted techniques. However, without supporting Turbo decoding in DL, the impact on TBS is almost only on HARQ buffer and UL processing block. In addition, to support multiple HARQ processes may increase the complexity on receiver process block and UL processing block. Based on the methodology in Rel-11, Table 1 gives a coarse estimation on complexity impact with up to 4 HARQ and larger TBS (UL 2000 bits/DL 1000 bit). The complexity increase to support up to 4 HARQ process and larger TBS is about 0.6% and 0.3% of Cat 1. Assuming the BOM of NB-IoT is 15% of Cat 1, the increase of BOM: 

· Up to 4 HARQ processes:                               4% of NB-IoT
· Larger TBS (UL 2000bits/DL 1000bits):        2% of NB-IoT
Observation #3: The UE complexity increase with more HARQ process and larger TBS is contained.

Table 1 UE complexity analysis for 4 HARQ process and larger TBS
	Impact Component
	Complexity % of Cat 1 *
	Reduction from Cat 1 to NB-IoT
	NB-IoT with 4 HARQ processes
	NB-IoT with larger TBS

	Receiver processing block
	10%-17.5%
	>93%

(BW reduction, Single RF, etc)
	~90%
	NA

	HARQ buffer
	6%-9%
	99.65%

(200kHz BW 60% smaller TBS 93%

1 HARQ process 87.5%)
	98.6%

(200kHz BW 60% smaller TBS 93%

4 HARQ process 50%)
	99.5%

(200kHz BW 60% smaller TBS 90%

1 HARQ process 87.5%)

	UL processing block
	3%-6%
	92%

(200kHz BW 60% Smaller TBS 81%)
	90%
(UL need to prepare for 4 HARQ process)
	85.6%

(200kHz BW 60% Smaller TBS 64%)

	Total complexity increase of Cat 1

* Ref: TR 36.888, percentage of total cost of both RF and BB
	0.6%
	0.3%


4 Summary
This paper discusses the peak data rate of Rel-13 NB-IoT and analyzes the data rate increase and UE complexity increase resulting from multiple HARQ process and larger TBS. The analysis showed that with limited UE complexity impact, the data rate can be improved 3-4 times with 4 HARQ processes. 
On the other hand, in order to expand NB-IoT’s market reach, and reduce power consumption for transmission “larger” data chunks, higher data rates are desired. Higher data rates can be supported with very small complexity increase, and can for most implementations be added without any cost impact. 
According to the above analysis, it is worthwhile to support higher data rates for NB-IoT in Rel-14.
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