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1 Introduction

A new work item dubbed Narrowband IOT (NB-IOT) was approved at RAN # 69 [1], and a revised work item description was approved at RAN#70 [2]. As described in the WID, NB-IOT has 3 uplink configurations:
1. 3.75 KHz single-tone. This configuration can take advantage of PSD boosting and serve in extreme coverage area
2. 15 KHz single-tone. This configuration can take advantage of the relatively wider bandwidth and short symbol duration, can serve UE in relatively good channel condition, achieving higher uplink data rate and saving UE battery power
3. 15 KHz multi-tone. This configuration can achieve even higher data rates allocating more subcarriers to a UE in cell centre.
In this contribution, we discuss considerations of NB-IoT uplink configuration.
2 Consideration of NB-IoT uplink configurations
Discussions in this contribution are based on following assumptions

1. 3.75 KHz configuration has advantages in coverage and capacity, especially in extreme coverage area [3] [4]
2. During initial access, MSG3 can be carried by either 3.75 KHz single-tone or 15 KHz single-tone, if the UE supports both 3.75k single-tone and 15k single-tone.
3. If there is IoT bit(s) (or UE capability bit), the IoT bit can be carried in MSG3

4. Two UE implementation combinations are available in year 2016: 3.75 KHz single-tone + 15 KHz single-tone (Type 1 hereinafter) and 15 KHz single-tone + 15 KHz multi-tone (Type 2 hereinafter). In year 2017, all NB-IoT UEs supports all three UL configurations.
Approach 1
As mentioned in the Introduction, current 3 NB-IoT uplink configurations, 3.75 KHz single-tone, 15 KHz multi-tone and 15 KHz multi-tone, all have their merits. Therefore, to achieve the best performance and meet the requirements of a variety of NB-IoT applications, one approach of NB-IoT uplink configuration is to support all three configurations, such as in Fig. 1.
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Fig. 1: Approach 1-all NB-IoT configurations should be supported
However, this approach also comes with following disadvantages
1. Currently, most industry vendors choose either Type 1 or Type 2 UE implementation in year 2016. Approach 1 requires them to add another configuration and could delay the progress of NB-IoT field trial and deployment.
Since some vendors already have Type 1 or Type 2 UEs available in the market, these UEs will become non-standard under Approach 1, where their behavior will be unpredictable and the performance will deteriorate.
Approach 1 acquires the advantages of all configurations. However, industry progress might be delayed.
Approach 2
To harvest the advantages of 3.75 KHz single-tone, while still utilizing 15 KHz single-tone in relatively good channel condition to increase data rate, Approach 2 is proposed where 3.75KHz single-tone and 15 KHz single-tone are mandatory and the capability to support 15 KHz is indicated by one IoT bit.
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Fig. 2: Approach 2- 15 KHz Multi-tone is indicated by 1 IoT bit
Under this approach, 3.75 KHz single-tone is supported by all UEs. Therefore, 3.75 KHz single-tone can be used to carry MSG 3, where cell coverage can be extended compared with MSG 3 carried by 15k Hz. The IoT bit will be sent to base station and 15 KHz multi-tone will be scheduled to achieve high data rate if the bit is set to be true.

As the industry matures and all the configurations are supported by UE, this IoT bit can be set to be true. This approach can fully enjoy performance advantage of 3.75 KHz single-tone, while not complicating the design and delaying the industry progress by much, although some UE vendors may not be able to implements 3.75 kHz single-tone in year 2016.
Approach 3

As mentioned in the introduction, most industry vendors focus one of the two UE implementations, Type 1 and Type 2. In order to speed up industry process, The third approach is to specify two IoT bits, to indicate whether terminal uses Type 1, Type 2 or Type 3 (supporting all configurations) implementation. During the initial access, two specification options exists.
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Fig. 3: Approach 3 – 2 IoT bits are used to indicate 3 types of UEs

1. Approach 3a: 15 KHz single-tone is used to transmit MSG 3, since this configuration is supported by all vendors in the industry. Two IoT bits will be carried by MSG 3 to indicate UE capability, which will be used for scheduling following data transmission and MSG 5.
2. Approach 3b: Preamble resources is partitioned into two pools where Type 1 and Type 2 UEs select sequence from different pools for MSG1. Base station can utilize this information and schedule 3.75 KHz for MSG 3 if the terminal support 3.75 KHz, or 15 KHz otherwise. One IoT bits will be carried on MSG 3 to indicate UE capability to support 15 kHz multi-tone, because the ability to support 3.75 kHz has been delivered to eNB in MSG 1.
The advantage of Approach 3 is that the industry process can be speeded up since the initial implementations of all UE vendors will comply with the standard. However, disadvantages come with both Option 1 and 2. For approach 3a, the coverage advantage of 3.75 KHz cannot be harvested. For approach 3b, the performance of msg1 may be degraded because of the smaller pool of preamble resources due to partition, for both Type 1 and Type 2 UEs. Approach 3b also requires some additional standard effort compared with other approaches.
Although it can speed up the industry progress, Approach 3 either cannot cash the advantage of 3.75 KHz during initial access, or it will complicate the system design and/or may degrade PRACH performance.  
To sum up, the advantages and disadvantages of the 4 approaches mentioned above can be listed as below,

	
	Coverage
	Industry Progress
	Standard effort

	Approach 1
	Good
	May delay overall industry progress
	Relatively easy

	Approach 2
	Good
	UE vendors have different progress on supporting mandatory features
	Relatively easy

	Approach 3a
	Coverage degraded for all UEs during initial access (msg3)
	Fast
	Relatively easy

	Approach 3b
	Good if UE support 3.75 kHz single-tone, however msg1 performance may be degraded
	
	More Complicated


As for the network side, the network implementations may also include three combinations as well, 3.75 KHz single-tone + 15 KHz single-tone (Type 1), 15 KHz single-tone + 15 KHz multi-tone (Type 2) and 3.75 KHz single-tone + 15 KHz single-tone+ 15 KHz multi-tone (Type 3). Assuming all UE are standard-complied, the impact on different types of network equipment can be summarized as
1. Type 1 network equipment works under all 4 approaches. However, 15 KHz multi-tone cannot be scheduled. Therefore, throughput enhancement cannot be achieved in good channel conditions, even for 15 KHz-multi-tone-enabled UEs.
2. Type 2 network equipment works under all 4 approaches. However, the coverage enhancement may not be achieved during initial access, even for 3.75 KHz-single-tone-enabled UEs.
3. Type 3 network equipment supports all 3 uplink configurations, and works under all 4 approaches.
3 Conclusions
In this contribution, 3 approaches for NB-IoT configurations are discussed and their advantages and disadvantages are compared. The following observations are made:

Observation 1: IoT bit needs to be introduced for the urgent needs of NB-IoT field trial and deployment.

Observation 2: Two IoT bits (approach 3) would introduce some performance degradation and/or more standard effort. 
Observation 3: Network implementation can be flexible for all of the three approaches of IoT bit design.

Based on the above observation, it is proposed:

Proposal 1: Introduce one IoT bit (mandatory with capability) signaling for the support of 15 kHz multi-tone.

The main intention of specifying one IoT bit is to expedite field trial and deployment progress. The IoT bit should be set to true as soon as possible.
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