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According to the WID [1], both 15 kHz and 3.75 kHz uplink single tone transmissions are supported. The configuration or scheduling of the 3.75 kHz and 15 kHz single tone transmission is up to the network decision.
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
Regarding the 15 kHz sub-carrier spacing transmissions, the frame structure of legacy LTE can be reused for NB-IoT. For the uplink 3.75 kHz transmission, a new frame structure should be designed to guarantee the minimized impact on the legacy LTE UEs in the in-band deployment scenario, meanwhile the new frame structure is also expected to have as high transmission efficiency as possible. In this contribution, the design principles are proposed and summarized first, and the uplink frame structure design for NB-IoT is provided based on the proposed design principles.
Uplink frame structure design for NB-IoT 
Design principles
For 15 kHz uplink transmission, the sampling rate of 1.92M samples per second (1.92Msps) needs to be applied to reuse the legacy LTE symbol structure. If the sampling rate is lower than 1.92Msps, the CP length shall not be an integer multiple of Ts. Considering both the 15 kHz and 3.75 kHz transmission may be supported in the same UE, the 1.92Msps sampling rate is also proposed for the 3.75 kHz single tone transmissions to get a finer time domain resolutions.
Proposal 1: 1.92Msps sampling rate is assumed for the uplink 3.75 kHz single tone transmission.
NB-IoT should be deployable into one PRB inside the LTE band. In this case, the NB-IoT should not introduce the impact on the performance of the legacy LTE UE. It is known that the sounding RS (SRS) may be transmitted in the last symbol of each TTI for both FDD and TDD in legacy LTE, so that the eNodeB can get the knowledge of the uplink channel quality and get the timing estimations of UEs.
Hence, the transmission of LTE SRS needs to avoid the collision with PUCCH and PUSCH resources in legacy LTE. A pattern of sub-frames, which may convey SRS, is broadcasted in system information, i.e. the IE SoundingRS-UL-configCommon. SRS can be configured for each individual UE by either dedicated higher layer signaling or triggered by physical layer signaling, however the SRS can be only transmitted in the last symbol of the sub-frames indicated by the broadcasted SRS sub-frame pattern. The legacy UE shall avoid the PUSCH transmission in the last 15 kHz OFDM symbol of the SRS sub-frames which are indicated by the system information of SoundingRS-UL-configCommon.
In the case of NB-IoT in-band deployment, NB-IoT should first minimize the impact on legacy LTE performance as much as possible. So it is important to avoid collision of NB-IoT uplink symbols with LTE SRS symbols transmitted by the LTE UEs. At the same time, it is also beneficial for NB-IoT if collisions with SRS symbols can be avoided. Especially for the case of single tone transmissions, the UEs are usually considered to be in bad coverage. If OFDM symbols of NB-IoT single tone transmissions have collisions with SRS from a LTE UE, the performance of the NB-IoT UE would be significantly impacted. Furthermore, a single tone transmission usually has a relatively long duration, hence it is difficult to avoid the collision of the LTE UE’s SRS and 3.75 kHz single tone transmission by scheduling or configuration. This may significantly restrict the scheduling of the uplink single tone transmission. Considering above aspects, it is highly suggested that the collision with legacy UEs’ SRS needs to be avoided in the design of the frame structure for the uplink single tone transmission.
Proposal 2: The frame structure design of uplink single tone transmission needs to avoid collision between the NB-IoT uplink symbols and the LTE UEs’ SRS transmissions.
Uplink FDD frame structure for 15 kHz transmission
The 15 kHz sub-carrier spacing is the same as that for LTE. Hence, the same numerology can be reused for 15 kHz NB-IoT uplink design, which is shown in Figure 1.


Figure 1 NB-frame structure for 15 kHz sub-carrier spacing
For 15 kHz uplink transmissions, the SRS sub-frame pattern of legacy LTE can be also broadcasted as the NB-IoT system information, and the NB-IoT UEs with 15 kHz uplink transmission can just avoid the usage of the last OFDM symbols in the sub-frames which may convey the SRS symbols.
Proposal 3: The NB-IoT uplink 15 kHz symbol duration, slot duration, and subframe duration are re-used from LTE.
Uplink FDD frame structure for uplink 3.75 kHz transmission
Overall frame structure
Besides the avoidance of the collision with LTE SRS, the frame structure of uplink 3.75 kHz SC-FDMA transmission is also expected with as high resource efficiency as possible. In case of 1ms length sub-frame, there are at most three 3.75 kHz OFDM symbols in every 1ms. In this case, the transmission efficiency is less than that of legacy LTE: 3 symbols/ms * 4 tones/15 kHz < 14 symbols/ms* 1tone/15 kHz. Hence, a 2ms length sub-frame that can convey seven 3.75 kHz OFDM symbols is preferred due to the higher spectrum efficiency: 7 symbols/2ms * 4 tones/15 kHz = 14 symbols/ms * 1 tone/15 kHz.
Proposal 4: The NB-IoT sub-frame length is 2ms for the 3.75 kHz uplink single tone transmission.
The uplink frame structure of 3.75 kHz NB-IoT transmission in Figure 2 can be considered. For the uplink 3.75 kHz transmission, the frame length is still defined as 10ms. However, it is composed of five 2ms length sub-frames, which is named as NB-subframe3.75kHz. 


Figure 2 NB-frame structure for 3.75 kHz sub-carrier spacing
Detailed Subframe structure
To avoid the collision between SRS symbols and NB-IoT 3.75 kHz symbols, the puncturing could be a simple method. However, it should be noted that puncturing one 3.75 kHz symbol is more expensive than puncturing one 15 kHz OFDM symbols. This is because the duration of one 3.75 kHz OFDM symbol is about 4 times of that for a 15 kHz OFDM symbol. And four 3.75 kHz OFDM symbols usually needs to be punctured to avoid the collision with one 15 kHz SRS symbol. In this sense, four times resource is lost due to one LTE SRS symbol. Therefore, a more efficient design should be considered to minimize the collision with LTE SRS and also provide good transmission efficiency. 
Under 1.92Msps sampling rate, there are 3840 number of samples in every 2ms length subframe. To convey seven 3.75 kHz OFDM symbols, besides the CP part, 512*7 samples are needed. The residual 256 samples are available for CPs and other purposes. It can be found that for normal CP case, only 63samples are needed for the CPs of seven OFDM symbols. The left samples, which are (256 - 63) samples, are larger than that of one 15 kHz OFDM symbol. Therefore, a guard period can be included in the NB-subframe structure for the avoidance of LTE SRS.
As shown in Table 1 and Figure 3, besides the seven 3.75 kHz OFDM symbols, a guard period (GP) is reserved in the end of every NB-subframe3.75kHz to avoid the collision with the LTE UEs’ SRS. In the design, the GP just has the exact length of one 15 KHz OFDM symbol. This can leave the maximum number of samples for CPs of the 3.75 kHz OFDM symbols. By applying this subframe design in Figure 3, when a SRS symbol collides with NB-IoT transmission in the end of every 2ms, none of the seven 3.75 kHz OFDM symbols will be impacted or punctured. It can be also observed that the cyclic prefix for NB-IoT 3.75kHz symbols is 17Ts, which is still much larger than that of normal CP in LTE. Hence, compared to the design without GP, a subframe design with GP provides the benefit of avoidance of legacy SRS symbols, without any loss on the transmission efficiency.

Table 1: 2ms sub-frame structure design for uplink 3.75 kHz (1.92M sampling rate)
	Sample Rate(kHz)
	Sub-frame Duration(ms)
	Symbol structure
	Total overhead due to  CP and GP

	1920.00
	2
	3.75K HZ symbol 0~6
	6.67%

	
	
	FFT size
	CP length
	symbol length
	Symbol number
	

	
	
	512
	17Ts
	529Ts
	7
	

	
	
	GP length
	

	
	
	(128 + 9) Ts = the duration of one 15K OFDM Symbol 
	





Figure 3: 2ms 3.75K uplink sub-frame
Compatibility with SRS configuration 
The SRS sub-frame pattern configuration should depend on the load of uplink traffic. Hence, the network can always try to align the GP of NB-IoT subframes with most of the last symbols for the LTE SRS subframes. The NB-IoT subframe configuration with 2ms LTE SRS period configuration is shown as an example in Figure 4. 
However, if unfortunately the last symbols of one or few LTE SRS subframes cannot be aligned with the GP of the NB-subframe3.75kHz, the overlapped NB-IoT symbol can still be punctured to avoid the impact on the LTE SRS. To achieve this, the LTE SRS subframe pattern needs to be broadcasted in NB-IoT. Also, the DMRS of uplink 3.75kHz PUSCH transmission is conveyed by the third or fifth symbol in each 2ms length NB-subframe3.75kHz. As proposed in the companion contribution [2], this can keep the same DMRS density as in LTE and none of the DMRS symbols needs to be punctured due to the avoidance of LTE SRS. The NB-IoT subframe configuration with 5ms LTE SRS period configuration is shown as an example in Figure 4.


Figure 4: Examples to show the compatibility with LTE SRS configurations (2ms and 5ms SRS period)
It can be found that in case of 5ms LTE SRS period configuration only one 3.75 kHz OFDM symbol in every 10ms is punctured to avoid the impact on the LTE SRS, and the other LTE SRS symbol is already protected by the GP. Compared with the subframe structure without GP, higher transmission efficiency can be obtained because smaller number of NB-IoT symbols is punctured. 
Therefore, it is believed that one guard period in the end of every 2ms length is already sufficient to provide the flexibility for the avoidance of the collision with LTE SRS. Also, transmission efficiency can be improved due to fewer punctured symbols.
Proposal 5: One guard period with duration equal to a 15 kHz symbol is reserved at the end of the 2ms length NB-subframe for 3.75 kHz uplink transmission to avoid the collision between NB-IoT symbols and LTE SRS symbols.
Proposal 6: The DMRS of NB-IoT 3.75 kHz uplink transmission keeps the same desity as LTE PUSCH. The previous or the next symbol of the middle symbol in a subframe conveys the DMRS to avoid the puncturing of DMRS due to the collision with an LTE SRS symbol.
Uplink TDD frame structure of NB-IoT
For 15 kHz transmission, the 1ms length sub-frame is preferred and  TDD can be supported as in legacy LTE. For 3.75 kHz uplink transmission, the 2ms length sub-frame is preferred for FDD configuration. This is also preferred in TDD configuration, considering the higher transmission efficiency and commonality with FDD case. 
The 2ms length sub-frame (named as 2ms length UU sub-frame), which corresponds to two consecutive uplink 1ms LTE sub-frame, has already been provided in section 2.3.  To support TDD configuration, besides the 2ms length UU sub-frame, the 2ms length DS, UD, SU and DD sub-frames are also needed. The DS and DD sub-frames can just be composed of two corresponding LTE 1ms sub-frames. The UD and SU sub-frames need to be defined taking into account the uplink 3.75 kHz transmission. The same design principle can be applied as that for UU sub-frame design, i.e. guard period can be also considered in TDD configuration.

Conclusions
The uplink frame design for NB-IoT is discussed in the contribution. The frame structure of LTE 15kHz transmission is proposed to be reused for NB-IoT uplink 15kHz transmissions. For the 3.75kHz uplink transmission, the 2ms subframe length is preferred due to good transmission efficiency. The impact on the LTE due to NB-IoT should be minimized and the transmission efficiency of NB-IoT is also expected to be as high as possible. Hence, the avoidance of collision with LTE SRS symbols should be considered in the design of NB-IoT uplink frame structure. A guard period is proposed to be introduced at the end of 2ms length NB-subframe, so that the GP can align with potential LTE SRS symbols. This can minimize the number of NB-IoT symbols that needs to be punctured for the avoidance of SRS collisions.
Proposal 1: 1.92Msps sampling rate is assumed for the uplink 3.75 kHz single tone transmission.
Proposal 2: The frame structure design of uplink single tone transmission needs to avoid collision between the NB-IoT uplink symbols and the LTE UEs’ SRS transmissions.
Proposal 3: The NB-IoT uplink 15 kHz symbol duration, slot duration, and subframe duration are re-used from LTE.
Proposal 4: The NB-IoT sub-frame length is 2ms for the 3.75 kHz uplink single tone transmission.
Proposal 5: One guard period with duration equal to a 15 kHz symbol is reserved at the end of the 2ms length NB-subframe for 3.75 kHz uplink transmission to avoid the collision between NB-IoT symbols and LTE SRS symbols.
Proposal 6: The DMRS of NB-IoT 3.75 kHz uplink transmission keeps the same desity as LTE PUSCH. The previous or the next symbol of the middle symbol in a subframe conveys the DMRS to avoid the puncturing of DMRS due to the collision with an LTE SRS symbol.
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