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1 Introduction
In the last RAN1 meeting, a large progress on NB-IOT UL is achieved as following [1]:
· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing

For single-tone and multi-tone transmissions, resource allocation may be different. In this contribution, we discussed some issues related to resource allocation of NB-PUSCH, e.g. NB-PRB definition, NB-PRB allocation, and repetition.
2 Discussion
2.1 NB-PRB definition
In LTE system, a PRB pair which occupies 12 subcarriers and 1 subframe is the resource scheduling unit for physical data channel. For NB-IOT, similar resource scheduling unit should be reused, e.g. NB-PRB can be defined for resource allocation of NB-IOT. 
One aspect of NB-PRB definition is the number of total REs within one NB-PRB. For legacy PRB, the value is 168 and 144 for normal and extended CP respectively. For NB-PRB, the value can directly reuse the legacy one to further reuse existing TBS table. And, the value should be the same or very close for both single-tone and multi-tone transmission, for both 15k Hz and 3.75k Hz subcarrier spacing, and for both UL and DL.  
Proposal #1: For 15k/3.75k Hz subcarrier spacing, single-tone/multi-tone transmission, and UL/DL transmission, the number of total REs within one NB-PRB should be the same or very close. And, legacy value of 168 REs can be directly reused.

Another aspect of NB-IOT definition is the time-frequency pattern. Assuming one NB-PRB includes 168 REs same as legacy PRB, the NB-PRB pattern is showed in Figure 1 for single-tone transmission of 15k Hz subcarrier spacing, wherein one NB-PRB occupies 1 subcarrier and 12 subframes. For multi-tone transmission, the NB-PRB pattern may depend on the number of allocated subcarriers in frequency domain. For example, if 6 subcarriers are allocated in frequency domain, one NB-PRB will occupy 2 subframes in time domain as illustrated in Figure 2. The possible cases of NB-PRB pattern may be {1, 12}, {3, 4}, {6, 2}, and {12, 1} corresponding to {Occupied subcarrier number, Occupied subframe number}.  
Observation #1: For single-tone transmission, one NB-PRB needs to extend multiple subframes.
Observation #2: For multi-tone transmission, one NB-PRB may extend multiple subframes. And, the number of subframes occupied by one NB-PRB depends on the number of allocated subcarriers.
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Figure 1 NB-PRB pattern for single-tone transmission of 15k Hz subcarrier spacing
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Figure 2 NB-PRB pattern for multi-tone transmission of 15k Hz subcarrier spacing
The multiple subframes occupied by one NB-PRB should be continuous in logical location and may be discontinuous in physical location. For example, for TDD system, the multiple subframes occupied by one NB-PRB may be non-contiguous and depends on the UL-DL configuration. And, PRACH subframes should be excluded for mapping of NB-PRB pattern. In addition, for in-band operation, considering eIMTA may be configured by LTE eNB, some UL subframe may be unavailable for NB-IOT UE. Thus, mapping of NB-PRB pattern should follow a higher layer configuration of available subframe, i.e. continuous in the region of available subframes.
Observation #3: The multiple subframes occupied by one NB-PRB should be continuous in logical location and may be discontinuous in physical location.

2.2 NB-PRB allocation
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Figure 3 Illustration of multiple NB-PRBs allocated in time domain
NB-PRB allocation is to indicate the physical location of one or multiple NB-PRBs for a physical transport block. Based on the number of allocated NB-PRBs and MCS/TBS index, the TBS can be determined. For single-tone transmission, multiple NB-PRBs can be allocated only in time domain. The allocated multiple NB-PRBs can be continuous or discontinuous. Considering simple method for NB-PRB allocation to reduce RA (Resource Allocation) field size in DCI, contiguous NB-PRB allocation in time domain is preferred as illustrated in Figure 3. For multi-tone transmission, NB-PRB allocation in time domain is also required since there may be only single NB-PRB within one subframe for 15k Hz subcarrier spacing. 

Proposal #2: For single-tone and multi-tone transmission, NB-PRB allocation in time domain should be supported, and contiguous allocation is preferred.

For resource allocation, besides an indicator for the number of allocated NB-PRBs, another indicator for the frequency location of single-tone is required for single-tone transmission. And, the two indicators may correspond to separate fields or the same field with joint decoding in DCI. Similarly, for multi-tone transmission, another indicator for the frequency location and number of allocated subcarrier(s) is required. These indicators may impact detailed design of RA field in DCI and the RA field size may be different for single-tone and multi-tone transmissions.
Observation #4: Besides the number of allocated NB-PRB(s), the frequency location of single-tone should be indicated for singe-tone transmission, and the frequency location and number of allocated subcarrier(s) should be indicated for multi-tone transmission.

For multi-tone transmission of 15k Hz subcarrier spacing, legacy localized allocation should be reused to keep characteristic of single-carrier for PAPR reduction i.e., the allocated multiple subcarriers should be contiguous in frequency domain. Within 180k Hz bandwidth, there are 12 subcarriers for 15k Hz subcarrier spacing. However, it may not be necessary to schedule any one value of 1~12 subcarriers. In order to reduce RA field size in DCI, the number of allocable subcarrier(s) should be restricted. However, allocating one subcarrier is suitable to provide low PAPR performance which is beneficial especially for extreme/extended coverage (e.g., MCL<150dB). Allocating 12 subcarriers is suitable to provide high data rate especially for good coverage (e.g., MCL>140dB). In addition, considering the scheduling flexibility at eNB side especially for UE multiplexing within 180k Hz, a middle level number of subcarriers may also be required. However, from the table 1 in Appendix, we can see MCL performances provided by different subcarriers are very close for the same of coding rate. Therefore, at most two more granularities is sufficient considering the tradeoff between scheduling flexibility and RA field size. In order to easily achieve a similar RE number in a NB-PRB, 3 and/or 6 subcarriers are preferred, which will not cause additional UE FFT complexity since 12 is supported.
Proposal #3: For multi-tone transmission, the allocated multiple subcarriers should be contiguous in frequency domain, and the number of allocable subcarriers should be restricted, e.g. {1, [3, 6], 12}.

For NB-PRB allocation, the maximum number of allocable NB-PRBs should be specified. Based on the value, the DCI field size to indicate the number of allocated NB-PRBs can be determined, e.g. 3bits for maximum 8 NB-PRBs. And, the value may be related to the maximum TBS. So, after the maximum TBS is agreed, the maximum number of allocable NB-PRBs can be discussed.
Observation #5: The maximum number of allocable NB-PRBs should be specified, and it may be related to maximum TBS. 

2.3 Repetition
To achieve 164dB MCL, repeating the transmission of a TB mapping to the allocated resources is also needed in time domain for 3.75 kHz subcarrier spacing. In eMTC, repetition has been discussed in detail and related mechanisms have been specified, e.g. configuration of repetition number, RV cycling, frequency hopping and so on. For NB-IOT, whether to reuse these repetition mechanisms can be further discussed.

With adaptive subcarrier spacing for different coverage levels, a small number of repetitions may be sufficient with a lower code rate. Considering the range of repetition number may be small, a repetition number can be directly indicated by Repetition Number (RN) field in DCI. And a higher layer configured set of repetition numbers which is adopted in eMTC may not be required for NB-IOT. 
In eMTC, RV cycling is specified and RV should be cycled every Z subframes wherein the same scrambling sequence can be used for CFO tracking. For NB-PUSCH, if RV is supported, RV cycling version ‘0, 2, 3, 1’ should be reused for repetitions. However, the value of Z may be 1 considering a small number of repetitions for NB-PUSCH.
Frequency hopping between different PRBs can be reused to obtain frequency diversity gain to reduce overall transmission time for UE power consumption at least for in-band operation. However, this can be postponed to Rel-14 due to such short time line currently.
Proposal #4: Whether to reuse the repetition mechanism in eMTC for NB-IOT can be further discussed, e.g. repetition number configuration, RV cycling and so on.
Proposal #5: Cross-PRB frequency hopping for in-band operation can be postponed to Rel-14

3 Conclusion
In this contribution, we discussed some issues related to resource allocation for NB-PUSCH, e.g. NB-PRB definition, NB-PRB allocation and repetition. Based on the discussion, we have following proposals:
Proposal #1: For 15k/3.75k Hz subcarrier spacing, single-tone/multi-tone transmission, and UL/DL transmission, the number of total REs within one NB-PRB should be the same or very close. And, legacy value of 168 REs can be directly reused.

Proposal #2: For single-tone and multi-tone transmission, NB-PRB allocation in time domain should be supported, and contiguous allocation is preferred.

Proposal #3: For multi-tone transmission, the allocated multiple subcarriers should be contiguous in frequency domain, and the number of allocable subcarriers should be restricted, e.g. {1, 3, 6, 12}.

Proposal #4: Whether to reuse the repetition mechanism in eMTC for NB-IOT can be further discussed, e.g. repetition number configuration, RV cycling and so on.
Proposal #5: Cross-PRB frequency hopping for in-band operation can be postponed to Rel-14

and following observations:
Observation #1: For single-tone transmission, one NB-PRB needs to extend multiple subframes.
Observation #2: For multi-tone transmission, one NB-PRB may extend multiple subframes. And, the number of subframes occupied by one NB-PRB depends on the number of allocated subcarriers.

Observation #3: The multiple subframes occupied by one NB-PRB should be continuous in logical location and may be discontinuous in physical location.

Observation #4: Besides the number of allocated NB-PRB(s), the frequency location of single-tone should be indicated for singe-tone transmission, and the frequency location and number of allocated subcarriers should be indicated for multi-tone transmission.

Observation #5: The maximum number of allocable NB-PRBs should be specified, and it may be related to maximum TBS. 

4 References
[1] Draft Report of 3GPP TSG RAN WG1 #83
5 Appendix

Table 1 gives the MCL performance for different subcarriers. In the simulation, the same coding rate is applied for all simulation cases, i.e. a TB of 776bits is mapped to 864 REs with the coding rate of 0.463. And, three levels of data rate are simulated, i.e., 9.44kbps, 28.33kbps and 56.67kbps respectively. Under the same level of data rate, MCL calculation is compared for different subcarriers. From the table, we can see, MCL performances provided by different subcarriers are very close for the same level of data rate.
Table 1 MCL performance for different subcarriers
	Simulation case 
	1 RE
	3 REs
	6 REs
	12 REs
	3 REs
	6 REs
	12 REs
	6 REs
	12 REs

	Transmission time (ms)
	72
	72
	72
	72
	24
	24
	24
	12
	12

	Data rate above SNDCP (kbps)
	9.44
	9.44
	9.44
	9.44
	28.33
	28.33
	28.33
	56.67
	56.67

	Transmitter
	
	
	
	
	
	
	
	
	

	(1) Tx power (dBm)
	23
	23
	23
	23
	23
	23
	23
	23
	23

	Receiver
	
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3
	3
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1,500
	45,000
	90,000
	180,000
	45,000
	90,000
	180,000
	9,000
	180,000

	(6) Effective noise power= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-129.2
	-124.4
	-121.4
	-118.4
	-124.4
	-121.4
	-118.4
	-121.4
	-118.4

	(7) Required SINR (dB)
	4
	-1
	-4
	-7
	4
	0.7
	-2.2
	4.8
	2

	(8) Receiver sensitivity= (6) + (7) (dBm)
	-125.2
	-125.4
	-124.9
	-124.8
	-120.4
	-119.9
	-120.4
	-115.3
	-116.4

	(9) Rx processing gain
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	148.2
	148.4
	148.4
	148.4
	143.4
	143.7
	143.6
	139.6
	139.4
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