3GPP TSG RAN#73
                          RP-161736
New Orleans, USA, 19 – 23 September, 2016
Agenda Item:
10.4.17
Source: 
MediaTek Inc.

Title:  
Higher Data Rate for Rel-14 NB-IoT
Document for:
Discussion 

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 and supporting multiple HARQ processed for increasing bitrate for NB-IoT are discussed.
2 Motivation
Cellular LPWA IoT is primarily addressed with GSM/GPRS today with ubiquitous coverage. Some typical IoT use cases for 2G benefits from data rates in the 100kbps magnitude, typically non-real time transfer of chunks of data, e.g. pictures, non-real-time audio, e.g., sensor hub for healthcare, smart watch for kids with voice message, OBD (On-Board Diagnostic) with camera
.  
Providing higher data rates, e.g. in the order of 100kbps, for NB-IoT would 

· Give faster downloads, e.g. for software update, configuration files, and lower power consumption for such file transfers. 
· Open up NB-IoT to a wide range of IoT use cases and applications, beyond simple meters (which was the focus for Rel-13). 

· Enable homogeneous service offering across GSM and NB-IoT
· Accelerate adoption of NB-IOT and give better economies of scale.
3 Multiple HARQ Process Support

Rel-13 NB-IoT data rate is limited by single HARQ process and relaxed timing relationship for scheduling and ACK/NACK, for example, 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 to deliver 1000 bits, which just matches a certain NPDCCH space periodicity. Therefore, the actual peak data rate for UL is 1000 bits/16 ms = 62.5kbps. For DL, 24ms (e.g., Rmax =2 and G =4) are needed for 680bits. Thus, the actual peak data rate for DL is 680 bits/24ms = 27.2 kbps. 
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Figure 1 Data rate calculation for UL
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 Figure 2 Data rate calculation for DL
In order to increase bitrate, it need to deliver more bits within a certain NPDCCH period and also considering the possible timing offset value for NPDSCH and NPUSCH. Supporting multiple HARQ process and larger TBS are two trivial ways. For example for uplink, shown as Figure 3, 2 HARQ processes and larger TBS (i.e., up to 1000 bits) can just fill in 24ms NPDCCH period, which provides a data rate of 116.7kpbs. Figure 4 illustrates an example for downlink, where 2 HARQ processes and 1128 bits TBS (i.e., 5 PRBs) can fill in 24ms NPDCCH period and provides 70.5kbps data rate. 

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. It may also increase UE complexity to finish decoding within a shorter time and support two timing relationship. In addition, more test cases are expected. Moreover, 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. 
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Figure 3 An example of UL peak data rate with 2 HARQ processes and larger TBS 
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Figure 4 An example of DL peak data rate with 2 HARQ processes and larger TBS
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., 2) 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 2 HARQ processes and larger TBS (UL 1800 bits and DL 1128 bits). The complexity increase is about 0.38% of Cat 1. Assuming the BOM of NB-IoT is 15% of Cat 1, the increase of BOM: 

· Up to 2 HARQ processes and larger TBS (UL 18000 bits/ DL 1128 bits):    ~2.53% of Rel-13 NB-IoT
· 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
	Reduction from Cat 1 to NB-IoT 
[with 2 HARQ processes and larger TBS (UL/DL 1800/ 1128bits)]

	Receiver processing block
	10%-17.5%
	>93%

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

	HARQ buffer
	6%-9%
	~99.65%

(200kHz BW 60% 
1000bit/680bit TBS 93%

1 HARQ process 87.5%)
	~99%

(200kHz BW 60% 
 1800bit/1128bit  90%

2 HARQ process 75%)

	UL processing block
	3%-6%
	~92%

(200kHz BW 60% 
1000bit/680bit TBS 81%)
	~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
	~0.38%


4 Conclusion
This paper discusses the peak data rate of NB-IoT and analyzes the data rate increase and UE complexity increase resulting from multiple HARQ process. The analysis shows that with very limited UE complexity impact, the data rate can be improved 2-2.5 times by 2 HARQ processes and larger TBS (UL 1800 bits and DL 1128 bits). According to the above analysis, it is worthwhile to support higher data rates for NB-IoT in Rel-14.
Proposal: 
· Add “multiple HARQ process support and larger TBS” into Rel-14 NB-IoT WID objectives

· Support 2 HARQ process for both UL and DL
· Support lager TBS: 1800 bits for UL and 1128 bits for DL
Note: expected work and TU in RAN1/2/4

· RAN1 86bis

· 0.25 TU on   clarification on timing offset for multiple HARQ processes and extension of TBS table 
· RAN1 87

· 0.125 TU on other details for multiple HARQ processes 

· RAN2 95bis and 96

· 0.25 TU each for multiple HARQ processes support in MAC. 
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6 Appendix - Increased TBS calculations
· DL peak data rate
· 2 HARQ process:

· 680 bits x 2/32ms= 42.5kbps
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· Increased TBS up to 1128 bits

· 1128 bits/32 ms= 35.25kbps
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· 2 HARQ process + Increased TBS up to 1128 bits
· 1128bits x 2/32ms = 70.5kbps
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· UL peak data rate
· 2 HARQ process 
· 1000 bits x 2/24ms = 83.3kbps 
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· Increase TBS up to 1800 bits 
· 1800 bit /24ms = 75kbps 
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· 2 HARQ process +Increase TBS up to 1800 bits
· (1800 bits+1000 bits)/24ms= 116.7kbps 
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� Insurance company offer an OBD for customer diagnostic, with camera for picture when accident happens.





