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1 Introduction

In the RAN1 NB-IoT Ad hoc meeting in January 2016[1], it was agreed that NB-IoT supports the transmission formats below: 
Agreement:

· 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 RAN1 #84 meeting[2], the following agreements related to NB-IoT DCI design were concluded. 

Agreement: 
· 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. 

In this contribution considerations on NB-PUSCH resource allocation are discussed. 
2 NB-PUSCH resource allocation 
It is desired to reduce the number of DCI bits that indicate the NB-PUSCH allocation to lower the control signaling overhead. The uplink NB-IoT resources can be divided into resource blocks. A resource block consists of 180 kHz in frequency domain and M milliseconds in time domain. A set of resource allocation patterns is pre-defined for a resource block as illustrated in Figure 1. The size of resource block can be different for different resource allocation patterns. Patterns 0 to 2 are examples for 15 kHz subcarrier spacing and pattern 3 is an example of multiplexing 3.75 kHz and 15 kHz. For one resource allocation pattern, the resource block is divided into several sub-blocks. Each sub-block contains several numbers of resource units. [image: image1.png]N b fo
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Figure 1. Example of resource allocation patterns
A sub-block index indicates the starting resource sub-block allocated for a UE in one block. The contiguous number of sub-blocks from the starting sub-block is indicated by the indication of number of sub-blocks. A UL scheduling delay indication indicates number of delayed blocks from the block where DCI is. Resource allocation is illustrated in Figure 2 in which resource allocation pattern 2 in Figure 1 is configured. Resource sub-block 0 in resource block N, N+1 and N+2 is allocated for UE 0 when resource sub-block index is 0 and number of sub-blocks is 3. Resource sub-block 1 and 2 in block N are allocated for UE 1 and UE 2 respectively when number of sub-blocks is 1 and resource sub-block index is 1 and 2 respectively. Resource sub-block 3 and 6 in block N and resource sub-block 3 in block N+1 are allocated for UE 3 when resource sub-block index is 3 and number of sub-blocks is 3.
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Figure 2. Example of resource allocation for UEs based on resource allocation pattern
Resource allocation pattern can be signaled semi-statically. The resource sub-block index,  number of sub-blocks and UL scheduling delay are indicated in the DCI for each UE. Assuming a resource block of 180 kHz with 8 ms all for 15 kHz subcarrier spacing, maximal 4bits are needed to indicate sub-block index in the case that each resource sub-block is the same as a resource unit. Fewer numbers of bits are needed for larger granularity of a resource sub-block. Assuming a resource block of 180 kHz with 32 ms as pattern 3 in Figure 1, maybe more than 4 bits are needed for the resource sub-block index. For an extreme case that all 180 kHz is for 3.75 kHz subcarrier spacing, then 6 bits are needed to indicate 48 subcarriers. 
 If resource allocation pattern discussed above is used, UL scheduling delay in DCI can just indicate how many resource blocks are delayed from the block in which the starting or ending subframe of NB-PDCCH is detected instead of exact delay number of milliseconds or resource units. Fewer bits are needed comparing with the case if resource block is not used. For example, 0 or 1 bit is sufficient to indicate {1} or {1, 2} resource blocks of scheduling delay. Besides, NB-PDCCH transmission has more timing freedom because an NB-PDCCH corresponding to an NB-PUSCH can be transmitted on any subframe within an previous resource block. 
When considering UL resource multiplexing between NB-PRACH and NB-PUSCH, given that some resource sub-blocks in one block may be allocated for NB-PRACH, eNB can schedule NB-PUSCH excluding the resource for NB-PRACH, as illustrated in Figure 3. It is up to eNB to schedule NB-PRACH or NB-PUSCH on one resource sub-block.
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Figure 3. Example of resource allocation pattern design considering NB-PRACH resources
Regarding ACK/NACK, it is a similar case to NB-PRACH. It is up to eNB to schedule ACK/NACK transmission or NB-PUSCH on one resource sub-block. Since ACK/NACK typically needs small resources, it is recommended that eNB schedules ACK/NACKs to the same resource sub-block to reduce resource fragment. 
Proposal 1: NB-PUSCH resource is divided into resource blocks.

Proposal 2: NB-PUSCH resource allocation is based on pattern defined as combination of resource sub-blocks, and the NB-PUSCH resource allocation pattern is signalled semi-statically.
3 Conclusions

In this contribution, considerations of resource allocation design for NB-PUSCH are presented, and the following proposals are given:

Proposal 1: NB-PUSCH resource is divided into resource blocks.
Proposal 2: NB-PUSCH resource allocation is based on pattern defined as combination of resource sub-blocks, and the NB-PUSCH resource allocation pattern is signalled semi-statically.
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