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Introduction
At the 1st RAN1 NB-IoT ad-hoc meeting, the following agreements has been made [1].
	Agreement: 
· 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.
· 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


In this contribution, we discuss the resource allocation for NB-PUSCH. 
Discussions
Multiplexing of UEs with different resource unit size 
1.1.1 Multiplexing of UEs with different resource unit size with 15 kHz subcarrier spacing
At the 1st RAN1 NB-IoT ad-hoc meeting, it was agreed that the number of subcarriers assigned to UE should be one value chosen from set {1, 3, 6 and 12}. Figure 1 shows the agreed schedulable resource units for 15 kHz-subcarrier spacing signal.

	

	


	Figure 1. Schedulable resource units for 15 kHz-subcarrier spacing signal



By constraining that only the same type of resource unit can be simultaneously scheduled within the bandwidth of one PRB, the overhead of downlink control signalling can be reduced with the cost of weakening the scheduling flexibility. For acquiring higher scheduling flexibility, we propose to allow different types of resource unit simultaneously allocated to different UEs within the bandwidth of one PRB. For example, as shown in Fig. 2, the first 3 subcarriers are assigned to UE-1, the subcarriers from the fourth to the sixth are assigned to UE-2 and the rest 6 subcarriers are assigned to UE-3.


Figure 2. Illustration for resource assignment of different types of resource unit within the bandwidth of one PRB
Moreover, as discussed in [2], one of motivations of the agreements on time domain resource unit length is to improve packing probability and have scheduling flexibility in the time and frequency domains. Therefore, we can observe:

Observation 1: UEs with different resource unit with 15 kHz subcarrier spacing can be multiplexed within the bandwidth of one LTE PRB.

1.1.2 Multiplexing of UEs with different subcarrier spacing
Figure 3 shows schedulable resource units for single tone transmission. As shown in this figure, if UEs with different subcarrier spacing are multiplexed in the frequency domain, interference from 3.75 kHz-subcarrier spacing signals occurs.


Figure 3. Schedulable resource units for single tone transmission
In [3], it was shown that the performance degradation is marginal assuming that 11.25-kHz guard gap is applied. Therefore, we can observe:

Observation 2: UEs with different subcarrier spacing can be multiplexed within the bandwidth of one LTE PRB.

Proposal 1: For NB-PUSCH transmission, allow different types of resource unit simultaneously allocated to different UEs within the bandwidth of one PRB.

Resource allocation 
1.1.3 Resource allocation schemes
In this section, we focus on {3, 6} subcarriers since the single-tone transmission and 12-tone transmission can be included as a special case. We can consider the following two resource allocation schemes. 
· Method a: Non-overlapped case
· Method b: Overlapped case

In Figure 4 and Figure 5, we illustrate two different partition methods for cases of {3, 6} subcarriers. Each of the candidates of resource unit in Figure 4 solely occupies a time-frequency region. Oppositely, the overlapping can be observed for certain candidates of resource unit in Figure 5. As we mentioned above, for case of {1} subcarrier, the number of candidates is 12. For case of {12} subcarriers, there is no need to send any indication of resource unit allocation. 



Figure 4. Method a: Non-overlapped case: candidates for {3, 6} subcarriers of multi-tone transmission


Figure 5. Method b: Overlapped case: candidates for {3, 6} subcarriers of multi-tone transmission

1.1.4 Indication of resource allocation for 15 kHz subcarrier spacing
For resource unit indication, we can consider two solutions are applicable. 
· Solution 1: Separate indication of the number of subcarriers and resource allocation
· Solution 2: Joint indication of the number of subcarriers and resource allocation

The first solution involves two indication fields, where 2 bits to indicate the type of resource units (i.e. number of subcarriers), and several bits to indicate the index of resource unit. In this case, for resource allocation, 4 (= ceil(log2(12))) bits are needed at maximum. Under this circumstance, less indication bits is expected for the non-overlapping case.
As another solution, we can formulate a large mapping table incorporating all the possibilities of resource unit. Specifically, as list in Table 1, there are 30 possibilities for the overlapped case and 19 possibilities for the non-overlapped case. Both need an indication of 5 bits length. Thus, for the second solution there is no need to specify the type of resource unit and the DCI size for the indication stays fixed.

	Table 1. Consideration on different types of resource unit allocated to UEs
	

		Number of subcarriers allocated to UE
	Number of candidates for overlapped case/non-overlapped case
	Number of indication bits 

	1
	12/12
	4/4

	3
	10/4
	4/2

	6
	7/2
	3/1

	12
	1/1
	No need

	
	In total: 30/19
	Max: 4 bits



	




Combining the methods and solutions described in the above sections, we can observe:

Observation 3:  The following resource allocation and indication can be considered
· Alt. 1: Separate indication of the number of subcarriers and resource allocation
· 6 bits are needed (2 bits for the number of subcarriers and 4 bits for resource allocation indication)
· Alt. 2: Joint indication of the number of subcarriers and resource allocation
· Alt. 2-a: Non-overlapped resource candidate for resource allocation
· Alt. 2-b: Overlapped resource candidate for resource allocation
· 5 bits are needed for both Alt. 2-a and Alt. 2-b

Proposal 2: For 15 kHz subcarrier spacing, Alt. 2, i.e. joint indication of the number of subcarriers and resource allocation, is preferred.
· Whether Alt. 2-a or Alt. 2-b can be further studied

1.1.5 Resource allocation and indication for 3.75 kHz subcarrier spacing
For 3.75 kHz subcarrier spacing, only single tone transmission is supported. Therefore, resource allocation and indication can be easily done by subcarrier-level resource allocation and subcarrier index indication. If all the subcarriers can be used for resource allocation, 6 bits (= ceil(log2(48))) are needed for resource allocation indication. 
By the way, we have an agreement on the target of DCI design that the same size of DCI for DL assignment and UL grant are designed as agreed at the 1st NB-IoT AH meeting.
	Agreements:
· A CCE for NB-PDCCH is composed by resources within a subframe
· within a PRB pair, 2 CCEs are defined 
· Single antenna port transmission is also supported based on the above definition 
· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
· In in-band, first few OFDM symbols are not used for NB-PDCCH
· FFS CFI is signaled by SIB or MIB or fixed to 3
· In stand-alone and guard-band, all OFDM symbols are assumed to be available for NB-PDCCH
· REG is not defined for NB-PDCCH


Straightforwardly, this may imply the same size of DCI for 15 kHz subcarrier spacing and 3.75 kHz subcarrier spacing considering single transmission scheme for NB-PDSCH. Therefore, the number of bits for the subcarrier assignment for 3.75 kHz should be aligned with the number of bits for 15 kHz and it can be 5 bits by limiting schedulable subcarriers.

Proposal 3: For 3.75 kHz subcarrier spacing, use 5-6 bits to indicate the subcarrier assignment.

Joint indication of time/frequency domain resource allocation
In the last meeting, the following agreement was made for timing relationship between UL grant and NB-PUSCH transmission [4].
	Agreement: 
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signaled 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. 



As we described in Proposal 2 and 3, 5 or 6 bits are needed for resource allocation in the frequency domain. For example, when we take Alt. 2-a with 5 bits, 13 codepoints are not used. In this case, all the 32 codepoints can be used to indicate both scheduling delays and resource allocation by labelling bit string as the combination of the scheduling delay values and resource allocation. Therefore, the joint design of time/frequency domain resource allocation can be further discussed if the saving of the number of bits for the resource indication is required.

Proposal 4: Joint design of time/frequency domain resource allocation should be further discussed

Conclusion 
In this contribution, we describe the resource allocation for NB-PUSCH. We have the following observations and proposals: 
Observation 1: UEs with different resource unit with 15 kHz subcarrier spacing can be multiplexed within the bandwidth of one LTE PRB.
Observation 2: UEs with different subcarrier spacing can be multiplexed within the bandwidth of one LTE PRB.
Observation 3: The following resource allocation and indication can be considered
· Alt. 1: Separate indication of the number of subcarriers and resource allocation
· 6 bits are needed (2 bits for the number of subcarriers and 4 bits for resource allocation indication)
· Alt. 2: Joint indication of the number of subcarriers and resource allocation
· Alt. 2-a: Non-overlapped resource candidate for resource allocation
· Alt. 2-b: Overlapped resource candidate for resource allocation
· 5 bits are needed for both Alt. 2-a and Alt. 2-b
Proposal 1: For NB-PUSCH transmission, allow different types of resource unit simultaneously allocated to different UEs within the bandwidth of one PRB.
Proposal 2: For 15 kHz subcarrier spacing, Alt. 2, i.e. joint indication of the number of subcarriers and resource allocation, is preferred. 
· Whether Alt. 2-a or Alt. 2-b can be further studied
Proposal 3: For 3.75 kHz subcarrier spacing, use 5-6 bits to indicate the subcarrier assignment.
Proposal 4: Joint design of time/frequency domain resource allocation should be further discussed
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