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1 Introduction
In the RAN1 NB-IoT meeting, some agreements on PUSCH are made [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

· Allow one TB scheduled over more than one resource units in time

In this paper, we discussed some issues related to resource allocation of NB-PUSCH.
2 Resource allocation of PUSCH
It was agreed that one resource unit last for 8ms/32ms for 15kHz/3.75kHz single transmission. For multi-tone transmission, {3, 6, 12} tones are supported with {4, 2, 1} ms resource unit length. In addition, it was agreed that one TB is allowed to be scheduled over more than one resource unit in time domain. As a result, the following information needs to be known by UE for PUSCH transmission:

· Subcarrier spacing

· Frequency domain information: 

· Number of tones:
· For 15kHz: {1,3,6,12}

· For 3.75kHz: single tone 

· Location of tones

· Time domain information:

· Starting subframe

· Number of resource unit in time domain.

· Resource allocation for one TB

· Number of repetition

Some of the above information can be configured by RRC signaling or pre-defined. Details can be found in the following sections.
2.1 Configuration of subcarrier spacing
Two numerologies are supported for uplink transmission by NB-IoT UEs. The configuration of subcarrier spacing needs to be known by NB-IoT UEs. There are two alternatives: semi-static configured by higher layer signaling or dynamic indication in DCI. The intention of introducing 3.75kHz subcarrier spacing for uplink transmission is to serve the UEs in poor coverage case, especially the ones with low mobility or stationary, e.g., metering devices located in basement. The channel condition is not expected to change dynamically. Therefore, semi-static configured by RRC signaling, is preferred. For initial access, UE may choose a PRACH format based on channel condition, e.g., RSRP. By detection of PRACH, eNB can learn UL coverage status. The subcarrier spacing for Msg 3 can link to the PRACH format. However, this will restrict eNB scheduling. Alternatively, subcarrier spacing for Msg 3 can be indicated in RAR, which is more flexible for eNB scheduling. UE can assume the same subcarrier spacing as Msg3 until another subcarrier spacing is re-configured by a RRC signaling. In addition, same subcarrier spacing is used by both uplink data transmission and transmission of ACK/NACK of PDSCH. 
Proposal #1: Uplink subcarrier spacing is semi-static configured by RRC signaling. The subcarrier spacing for Msg 3 is indicated in RAR.  
2.2 Frequency domain resource allocation
For 15kHz subcarrier spacing, {1, 3, 6, 12} tones are supported. In order to reduce DCI overhead, it is easy to define none-overlapped NB-PRB(s) within 180kHz with different number of tones. For example, shown as Figure 1, within 180kHz bandwidth, there are 4/2 NB-PRBs with 3/6 tones with 4/2ms in time domain. With NB-PRB definition, it is easy to indicate frequency domain resource allocation with limited number of bit in DCI. For example, 2-bit and 1-bit are sufficient for 3 and 6 tones resource allocation in frequency domain.
Proposal #2: Define NB-PRBs with {1, 3, 6, 12} tones in frequency domain and {8, 4, 2, 1}ms in time domain.

For single tone, there are 12 possible frequency locations. In order to reduce DCI overhead, a NB-PRB set can be configured to UE by RRC message and DCI can further indicate one NB-PRB for uplink transmission within the NB-PRB set. For example, a UE specific RRC message configures a NB-PRB with 8 tones (as shown in Figure 1), and 3-bit field in DCI can further indicate one tone index, e.g, tone #2 in NB-PRB set. Similar scheme can be used for 3.75kHz subcarrier spacing. In addition, if NB-PUCCH is introduced, RRC signaling plus DCI can be also used to indicate the resource for NB-PUCCH transmission.

Proposal #3: For single tone transmission, a NB-PRB set can be configured via RRC signaling and DCI is used to indicate one NB-PRB within the set for uplink transmission. 
Both number of tones and NB-PRB index needs to be indicated for uplink transmission. One DCI field can be used to indicate both number of tones and NB-PRB location. Table 1 is an example for joint encoding with number of tones and PRB index. With 4-bit, subcarrier spacing can be also indicated. This may suitable for scheduling for Msg 3 by RAR. Alternatively, it number of tones and NB-PRB index can be indicated with separated field. Then different number of tones may require different number of bit. With a combination of time domain resource allocation, the total DCI size can be same (details can be found in section 2.3). 
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Figure 1 Frequency domain resource allocation

Table 1 Frequency location index

	Index
	Number of tones
	PRB index
	Subcarrier spacing

	0
	12
	-
	15kHz

	1
	6
	0 
	

	2
	6
	1
	

	3
	3
	0
	

	4
	3
	1
	

	5
	3
	2
	

	6
	3
	3
	

	7
	1
	k
	

	8
	1
	k+1
	

	9
	1
	k+2
	

	10
	1
	k+3
	

	11
	1
	k
	3.75kHz

	12
	1
	k+1
	

	13
	1
	k+2
	

	14
	1
	k+3
	

	15
	Reserve


2.3 Time domain resource allocation
For NB-PUSCH, NB-IoT UE can be multiplexed in frequency domain, so that intermittent transmission for PUSCH is not needed in order to provide more scheduling flexibility. As a result, time domain resource allocation for one TB includes starting subframe and number of NB-PRB. On top of time domain resource allocation for one TB, repetition number also needs to be indicated by DCI. The range of the starting subframe and the max number of NB-PRB for one TB can be pre-defined. The max number of NB-PRB can be scheduled for one TB is related to max TBS, which is regardless of number of tones. Taking 200 bytes as an example of max TBS, 2400 REs are needed to provide 1/3 code rate with QPSK and 4800 REs are needed with BPSK. Therefore, about 16 or 32 NB-PRBs are sufficient for the transmission of one TB, and 4 or 5 bits can indicate any case with 16 or 32 NB-PRBs. Repetition can be supported on top of that for poor coverage UE, 2 bit with 4 options are enough. 
Proposal #4: The max number of NB-PRB for one TB is the same regardless of number of tones.

Method #1

A scheduling window can be introduced for resource allocation in time domain. The scheduling window can be defined by NB-PRB or by subframe. If the scheduling window is defined by subframe, the number of NB-PRB is different with different number of tones. For example, with the length of scheduling window is 128ms, there are {16, 32, 64, 128} NB-PRB for {1, 3, 6, 12} tones. In order to indicates the entire possible starting subframe, 4~7 bits are needed to indicate the starting subframe for different number of tone. As discussed in section 2.2, the field of frequency resource allocation may also be different for different number of tone. The total number of DCI can be the same. Table 2 gives an example of payload for different fields in DCI for NB-PUSCH scheduling. Assuming the max number of resource unit is 16, 13 bit payload is needed to indicate both time domain and frequency domain resource allocation for different number of tone. Note that, repetition is not included. 
Table 2 Payload for different fields (Method #1)
	Field
	1 tone
	3 tones
	6 tones
	12 tones

	Number of tones
	2-bit

	Frequency resource allocation
	3-bit
	2-bit
	1-bit
	-

	Starting subframe of PUSCH
	4-bit
	5-bit
	6-bit
	7-bit

	Number of resource unit 
	4-bit

	Total
	13-bit
	13-bit
	13-bit
	13-bit


Method #2

If the scheduling window is defined by NB-PRB, then the number of NB-PRB are the same within one scheduling window. Then 8 bits can indicate the resource allocation within the scheduling window for any number of tones. Target to the same DCI payload size, joint indication of number of tone and frequency domain RA can be considered, and then the total payload is 12-bit. 
Table 3 Payload for different fields (Method #2)

	Field
	

	RA in frequency domain
	4-bit

	RA within scheduling window
	8-bit

	Total
	12-bit


Method #3

In order to indicate the same amount of time domain resource (e.g., a same time), a scheduling window offset (or scheduling window index) field can be introduced. 1~3 bits for 3~12 tones can indicate the same amount of time domain resource. Table 4 summarizes the payloads for time and frequency domain resource allocation. 13 bits can provide same flexibility as Method #1.
Table 4 Payload for different fields (Method #3)

	Field
	1 tone
	3 tones
	6 tones
	12 tones

	Number of tones
	2-bit

	Frequency resource allocation
	3-bit
	2-bit
	1-bit
	-

	Sscheduling window index
	-
	1-bit
	2-bit
	3-bit

	RA within scheduling window 
	8-bit

	Total
	13-bit
	13-bit
	13-bit
	13-bit


Method #4

Some resource may not be used if the resource allocation in time domain is indicated with a granularity of NB-PRB. As Figure 2 shown, if the starting subframe of single tone transmission only can be subframe #n, then the frequency resource in subframe #n-1 and subframe # n-2 may be empty if no suitable UE can fit in that two subframes (due to coverage or payload). In order to solve this issue, a starting subframe offset can be introduced. For example, shown as Figure 3, 1~3 bits can be introduced to indicate a subframe level offset and 1~3 bits can be used to indicate start of scheduling window. The total payload is 15 bit as summarized in Table 5. 
Table 5 Payload for different fields (Method #4)

	Number of Tones
	1 tone
	3 tones
	6 tones
	12 tones

	RA in frequency domain
	4-bit

	Scheduling window index
	-
	1-bit
	2-bit
	3-bit

	Subframe level offset 
	3-bit
	2-bit
	1-bit
	-

	RA within scheduling window
	8-bit

	Total
	15-bit
	15-bit
	15-bit
	15-bit
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Figure 2 Example of NB-PUSCH starting subframe
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Figure 3 Example of subframe level offset
Table 6 summarizes the comparison among the above methods. For Method # 4, every subframe can be the starting subframe of PUSCH with any number of tones with the largest payload. Method #1 and #3 can provide similar time domain scheduling flexibility but Method #3 can provide one more frequency domain location. If subcarrier spacing needs to be indicated, Method # 3 can be considered. If payload size is a big concern (e.g, target to the same DCI size for PDSCH and PUSCH), Method #2 can be considered. 
Table 6 Comparison among different methods
	
	Method #1
	Method #2
	Method #3
	Method #4

	Payload
	13 bits
	12 bits
	13 bits
	15 bits

	Possibility of frequency location
	15
	16
	16
	16

	Granularity of starting subframe
	Per NB-PRB
	Per NB-PRB
	Per NB-PRB
	Per subframe

	Range of time domain resource
	Full range
	Limited range
	Full range
	Full range


Based on the analysis and observations, the following proposals are made:
Proposal #5: Define a scheduling window for uplink resource allocation. Consider the above methods for uplink resource allocation. 
Proposal #6: Further study on if a subframe level offset needs to be introduced.
3 Conclusion
In this contribution, we discussed resource allocation for uplink transmission. Based on the discussion, we have following proposals:
Proposal #1: Uplink subcarrier spacing is semi-static configured by RRC signaling. The subcarrier spacing for Msg 3 is indicated in RAR.  
Proposal #2: Define NB-PRBs with {1, 3, 6, 12} tones in frequency domain and {8, 4, 2, 1}ms in time domain.

Proposal #3: For single tone transmission, a NB-PRB set can be configured via RRC signaling and DCI is used to indicate one NB-PRB within the set for uplink transmission. 

Proposal #4: The max number of NB-PRB for one TB is the same regardless of number of tones.

Proposal #5: Define a scheduling window for uplink resource allocation. Consider the above methods for uplink resource allocation. 

Proposal #6: Further study on if a subframe level offset needs to be introduced.
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