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1. Introduction
The following was agreed for NB-PUSCH in RAN1#83 Ad-Hoc meeting [1]:
Agreements:
· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission
· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission
· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)
· In case of 12 tones is allocated for one UE, X{12} is 1

· UL multi-tone transmission for the data with 12 tones is supported

· UL multi-tone transmission for the data also supports followings of numbers of multiple 

· {3} with 4 msec resource unit size

· {6} with 2 msec resource unit size

· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 

· At least for FDD with the normal CP case,

· For 3.75kHz subcarrier spacing of uplink, 

· Define a 2ms NB-slot, there are 7 symbols. 
· One symbol consists of [FFS] Ts of symbol with CP length of [FFS] Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.
· The above symbols are located from the beginning of 2ms period. FFS the usage of the remaining time in the NB-slot if there is the remaining time
· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd
· FFS on collision of LTE SRS for in band mode 

· Opt 1: eNB scheduling or implementation
· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 

· Opt 3: define a GP to avoid potential collision
· Note combination of above options can also be considered. 
In this contribution, more details and considerations of remaining issues for NB-PUSCH are presented.
2. Discussion

2.1. Frame structure for 3.75 kHz
In the last meeting, 2ms NB-slot was defined, and there are 7 symbols in NB-slot. Assuming Ts = 1/1.92 MHz, the length of the symbol (excluding CP) is 512 Ts. The CP length can be defined as 4 times of that for 15 kHz. That is, the CP length of the first symbol is 40 Ts (20.83 s), and that of other symbols is 36 Ts (18.75 s). It is agreed that the 2ms NB-slot boundary is aligned with LTE subframe boundary. NB-slot is starting from even subframe, and 5 NB-slots can align with one radio frame.

Proposal 1: For NB-slot, the CP length of the first symbol is 40 Ts (20.83 s), and that of other symbols is 36 Ts (18.75 s).
Proposal 2: NB-slot is starting from even subframes
2.2. Resource allocation
For NB-PUSCH, both frequency domain and time domain resource allocation need to be considered, i.e., the following information should be allocated via resource allocation: starting frequency position, number of subcarriers (multiple tones PUSCH), starting time position, number of RU. For NB-PUSCH, the resource allocation unit should be discussed before detail resource allocation. There are two resource allocation units will be discussed: 

Alt 1: resource allocation unit is RE

Alt 2: resource allocation unit is RU

In Alt1, the size of frequency resource allocation field is 7 bits if legacy resource allocation mechanism scheme is reused for multiple tones PUSCH transmission. For 12 tones PUSCH transmission, the size of starting time position is 5 bits if the length of scheduling window is 32. 15 bits is needed for resource allocation assuming the size of number of RU is 3 bits [2]. Of course, some reduction mechanism can be introduced to reduce the overhead, such as pre-defined mapping between starting frequency position and the number of allocated subcarriers [3]. But overhead reduction is limited. There are maybe some invalid values in 15 bits because scheduling unit is resource unit (RU).
In Alt 2, thanks for introducing RU, the starting frequency position, number of subcarriers and starting time position can be combined indicated. The overhead can be reduced. One example is shown is Table 1. Based on the table, we can achieve only 11 bits is needed for resource allocation if length of scheduling window is 32 and the size of number of RU is 3 bits.
Table 1 An example for Alt 2
	8 bits
	{number of subcarriers , starting frequency position , starting time position }

	1~48
	{number of subcarriers is 1, starting frequency positions 1~12, starting time position is 1~4}

	49~80
	{number of subcarriers is 3, starting frequency positions 1~4, starting time position is 1~8}

	81~112
	{ number of subcarriers is 6, starting frequency positions 1~2, starting time position is 1~16}

	113~144
	{number of subcarriers is 6, starting frequency positions 1, starting time position is 1~32}


Based on above analysis, we propose:
· The resource allocation unit is RU

Proposal 3: The resource allocation unit is RU for NB-PUSCH.
2.3. Other issues 
2.3.1. Multiple between 15 kHz and 3.75 kHz
Due to the potential interference between 15 kHz and 3.75 kHz tones, guard tones should be reserved as Figure 4 shows. One way to allow flexible, yet without significant inter-subcarrier interference is to divide 48 subcarriers into 12 groups, each having 4 single tones of 3.75 kHz subcarrier spacing. Only the middle two tones would carry NB-PUSCH, with two edge tones reserved as guard tones.   
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Figure 4 Guard tones to separate 3.75 kHz and 15 kHz tones

Proposal 4: Guard tones should be reserved when 3.75 kHz and 15 kHz are transmitted in the same subframe.

2.3.2. PUSCH Transmission switching
For UE which support single tone transmission, two subcarrier spacing are supported. Therefore there are two PUSCH transmission mechanisms, one is single tone PUSCH with 3.75 kHz subcarrier spacing, the other is single tone PUSCH with 15 kHz subcarrier spacing. Considering the different length of CP and different length of symbol, the semi-static switching between those two transmission mechanisms can be considered.
For UE which support multiple tones transmission, only 15 kHz-subcarrier spacing is supported. Therefore there are also two PUSCH transmission mechanisms, one is single tone PUSCH, the other is multi-tone PUSCH. Dynamic switching between those two transmission mechanisms can be considered.

Proposal 5：For UE which support single tone transmission, semi-static switching between single tone PUSCH with 3.75 kHz and single tone PUSCH with 15 kHz can be considered.

Proposal 6：For UE which support multiple tones transmission, dynamic switching between single tone PUSCH and multi-tones PUSCH with 15 kHz can be considered.

2.3.3. Collision of LTE SRS
In the ad-hoc meeting, handling of collision with LTE SRS for in band mode is still an open issue, and three options were given:
· Opt 1: eNB scheduling or implementation
· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 

· Opt 3: define a GP to avoid potential collision
· Note combination of above options can also be considered. 

If 3.75 kHz is only applied in the extreme coverage, the impact on LTE SRS may be negligible, PUSCH for 3.75 kHz can be still transmitted in LTE SRS subframes. Alternatively, the symbol or the partial symbol colliding with LTE SRS can be punctured. As shown in Figure 1, the yellow part is the position of LTE SRS. The whole symbol is punctured in Figure 1(a), and for Figure 1(b), only the partial symbol is punctured. 
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Figure 1
Proposal 7:  Puncturing can be considered to handle the collision between full/partial NB-IoT symbol with LTE SRS.
2.3.4. Time domain spreading
Similar to PUCCH, spreading can increase the multiplexing capacity. However, for normal coverage UEs, spreading tends to decrease data transmission efficiency. For UEs in coverage enhancement, spreading will not affect link performance and nor require new PUSCH format. The only standardization effort is to decide on the orthogonal code and configuration. Therefore, time domain spreading can be introduced for coverage enhancement UEs.

Proposal 8: Time domain spreading for NB-PUSCH can be considered for coverage enhancement UEs.
3. Conclusion
In this contribution, more details and considerations of 15 kHz NB-PUSCH design for NB-IoT are presented. In summary, we propose:
Proposal 1: For NB-slot, the CP length of the first symbol is 40 Ts (20.83 s), and that of other symbols is 36 Ts (18.75 s).
Proposal 2: NB-slot is starting from even subframes.
Proposal 3: The resource allocation unit is RU for NB-PUSCH.
Proposal 4: Guard tones should be reserved when 3.75 kHz and 15 kHz are transmitted in same subframes.

Proposal 5：For UE which support single tone transmission, the semi-static switching between single tone PUSCH with 3.75 kHz and single tone PUSCH with 15 kHz can be considered.

Proposal 6：For UE which support multiple tones transmission, the dynamic switching between single tone PUSCH and multi-tone PUSCH with 15 kHz can be considered.
Proposal 7:  Puncturing   can be considered to handle the collision between full/partial NB-IoT symbol with LTE SRS.
Proposal 8: Time domain spreading for NB-PUSCH can be considered for coverage enhancement UEs.
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