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1. Introduction
At January RAN WG1 NB-IoT Ad-Hoc Meeting, the following agreements were reached [1]:

· 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

· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
In this contribution, more details and considerations of resource allocation for uplink data channel are presented.
2. Discussion

For NB-PUSCH, both frequency domain and time domain resource allocation need to be considered, i.e., the following information should be indicated via UL grant: starting frequency position, number of subcarriers, starting time position, number of RUs.
2.1.  Resource allocation in frequency domain
 Subcarrier number
For 15 kHz subcarrier spacing the number of subcarriers can take four values: 1, 3, 6, 12. Therefore 2 bits are needed in the corresponding control field. For 3.75 kHz subcarrier spacing, no indication is needed as the transmission is single tone only.
 Starting position in frequency domain
There are 12 frequency starting positions need to be indicated for 15 kHz subcarrier spacing which requires 4 bits. For 3.75 kHz subcarrier spacing, 6 bits are required to indicate 48 positions.
Based on the above discussion, 6 bits are needed to indicate frequency domain information.
For subcarrier number 3 and 6, it is not preferable that an RU can start from any arbitrary subcarrier. . In another word, larger overhead is expected if separate indication is used for starting position and subcarrier number. Here we propose joint indication with certain restriction on the starting subcarrier for 3-tone and 6-tone transmissions. An example is shown in Table 1 where total 5 bits (12+4+2+1) are needed.
Table 1 Frequency resource allocation
	Value
	Frequency starting position and subcarrier number

	00000~01011
	{1}, {2}, {3}, {4}, {5}, {6}, 
{7}, {8}, {9}, {10}, {11}, {12}

	01110~10001
	{1, 2, 3}

{4, 5, 6}

{7, 8, 9}

{10, 11, 12}

	10010~10011
	{1, 2, 3, 4, 5, 6}

{7, 8, 9, 10, 11, 12}

	10100
	{1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}


Proposal 1: For frequency resource allocation, joint indication of starting frequency position and subcarrier number can be used.
2.2.  Resource allocation in time domain
 Starting position in time domain 
In RAN1 #84 the following conclusion was reached [2]:
· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values. 

Therefore NB-PUSCH starting time position can be achieved by scheduling delay which is indicated from DCI, i.e., for NB-PDCCH ending subframe n, the NB-PUSCH starting time position is subframe n + k, where k is the scheduling delay. Because scheduling is based on RU, we propose scheduling delay is also based on RU. Two choices exist for indication of scheduling delay:
· Alt 1： continuous value
· Alt 2： discrete value
For Alt 1, a set of continuous RUs can be configured as the NB-PUSCH starting position. As is shown in Figure 1 for 6-tone, for RU with scheduling delay { 4, 5, 6, 7 RUs}, suppose the NB-PDCCH ending subframe is SF#2 of Radio Frame #0, then NB-PUSCH starting position can be from { RU#5, RU#6, RU#7, RU#8}.
For Alt 2, a set of discontinuous RUs are configured as the starting time position of NB-PUSCH, as is shown in Figure 2 for 6-tone. For RU with scheduling delay {4, 8, 12, 16 RUs}, suppose that the NB-PDCCH ending subframe is SF#2 of Radio frame #0, then NB-PUSCH starting position can be from { RU#5, RU#9, RU#13, RU#17}.
To indicate discrete value we can either directly indicate or in-directly indicate via 2 levels. For example, instead of using 4 bits to directly indicate the value we can use 2 bits to indicate among 4 different numbers of RUs and another 2 bits to indicate 4 extra offsets. Considering the time duration of one RU is 32 ms for 3.75 kHz subcarrier spacing, we propose only 1 bit is used to indicate the first levels. In short, As Alt 2 can handle the blocking problem between UE and utilize UL resource more efficient, we propose to adopt Alt 2.
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Figure 1 An example of Alt 1
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Figure 2 An example of Alt 2 
In RU definition when subcarrier number is 1, 3, 6, the time duration for NB-PUSCH can be 8 ms, 4 ms, 2 ms. At the same time, downlink RU is based on subframe, therefore it could happen that the starting time position of NB-PUSCH is not multiples of RU subframes. One example is given in Figure 3 for single-tone, where the ending subframe for NB-PDCCH is SF#2 in radio frame 0. Suppose based on DCI indication 2RU is the scheduling delay, the NB-PUSCH will start on subframe n + 2RU, i.e., frame 1 subframe 8, however , as shown in the Figure 3 this is not a multiple of RU starting subframe. Two alternatives can be adopted to avoid this:
· Alt 1: fixed RU starting

· Alt 2: introduced extra subframe level offset indication in DCI
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Figure 3 An example for single-tone NB-PUSCH
In Alt 1, based on NB-PDSCH ending subframe and the subframe index, the UE can implicitly derive the starting RU for NB-PUSCH, based on DCI configured scheduling delay and starting RU we can decide the starting time position of NB-PUSCH, as is indicated in Figure 3, RU 1 is the starting RU and with 2 RU scheduling delay, the UE will start NB-PUSCH transmission on RU 3. For Alt 2, extra bits for subframe level offset indication need to be introduced. Considering the extra overhead involved in Alt 2, we prefer Alt 1. 
RU Number
Base from analysis from [3], the maximum RU number is 6, therefore 3 bits are needed for indicating RU number.
Proposal 2: For time domain resource allocation, scheduling delay is based on RU
· Discrete value is used for configured scheduling delay.
·  Independent indication of scheduling delay and RU number can be used.
Based on the above discussion, the overhead can be listed in Table 2.
 Table 2: NB-PUSCH resource allocation overhead
	
	Subcarrier spacing

	
	3.75kHz
	15kHz

	Frequency domain
	6bits
	5bits

	Time domain 
	RU number
	3bits
	3bits

	
	time starting position
	3bits
	4bits

	Total overhead
	12bits
	12bits


3. Conclusion
In this contribution, more details and considerations of resource allocation of NB-PUSCH design for NB-IoT are presented. In summary, we propose:
Proposal 1: For frequency resource allocation, joint indication of starting frequency position and subcarrier number can be used.
Proposal 2: For time domain resource allocation, scheduling delay is based on RU
·  NB-PUSCH starting RU is based on the ending subframe of NB-PDSCH and subframe index.
·  discrete value is used for configured scheduling delay
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