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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved [1]. The objectives are to specify a radio access technology for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description for NB-IOT was approved [2]. NB-IOT should support 3 different modes of operation: 
1. “Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2. “Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3. “In-band operation” utilizing resource blocks within a normal LTE carrier
In the RAN1 NB-IOT Ad hoc meeting in January 2016, it was agreed that NB-IoT supports the transmission formats below:
1. UL multi-tone transmission based on 15 kHz subcarrier spacing:
a. Transmissions based on 12 tones are supported with 1 msec resource unit size
b. Transmissions based on 6 tones are supported with 2 msec resource unit size
c. Transmissions based on 3 tones are supported with 4 msec resource unit size
2. UL single-tone transmission based on 15 kHz subcarrier spacing with 8 msec resource unit size
3. UL single-tone transmission based on 3.75 kHz subcarrier spacing with 32 msec resource unit size
In this contribution we discuss NB-PUSCH resource allocations, and highlight a potential inter-cell interference issue. We also discuss measures to reduce the dynamic control signalling overhead (i.e. number of DCI bits) required to schedule NB-PUSCH.
NB-PUSCH resource allocation
The multi-tone transmission schemes for NB-PUSCH are illustrated in Figure 1. In general, the NB-PUSCH transmissions may occupy any available set of contiguous subcarriers in the uplink. Single-tone NB-PUSCH transmissions can occupy any of the 12 (resp. 48) available subcarriers for 15 kHz (resp. 3.75 kHz) numerology. Within a NB-IOT carrier, multiplexing of single-/multi-tone transmissions that use 15 kHz subcarrier spacing and single-tone transmissions that use 3.75 kHz subcarrier spacing is allowed.
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[bookmark: _Ref442287927]Figure 1 NB-PUSCH resource allocation for multi-tone transmission. In general, NB-PUSCH may occupy any set of contiguous subcarriers in the uplink.
The NB-PUSCH frame structure has not yet been finalized, but is likely to be similar to the LTE PUSCH frame structure. This implies that at least for multi-tone NB-PUSCH transmission, two SC-FDMA symbols will be utilized for transmitting demodulation reference symbols (DMRS) within each NB-PUSCH subframe.  In LTE, PUSCH allocations have a resource granularity of 1 PRB. Therefore, the DMRS base sequences in LTE have been optimized for low cross-correlation when the offset (in frequency domain) between the sequences is an integer number of PRBs, i.e. an integer multiple of 12 subcarriers. 
However in case of NB-IOT, it is currently possible to schedule NB-PUSCH resource with a 1-subcarrier granularity, as illustrated in Figure 2. This implies that the base sequences used for DMRS must have good cross-correlation properties with an offset of 0, 1, 2, …, 6 subcarriers. Low correlation for all possible offsets is difficult to achieve in practice, especially for a sufficiently large number of length-6 and length-3 sequences. On the other hand, using base sequences with poor cross-correlation properties will lead to inter-cell interference.
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[bookmark: _Ref442209339]Figure 2 Examples of NB-PUSCH allocation within a subframe, for multi-tone transmission formats. The offset between NB-PUSCH allocations, and subsequently between the UL DMRS, can be on 1-subcarrier granularity.
Additionally, the different NB-PUSCH transmission formats lead to a large number of possible resource allocations. In the most general case, the DCI for scheduling NB-PUSCH will need to 
· Distinguish between 15 kHz and 3.75 kHz numerologies (1 bit) (if this is not signalled in other places such as SIBx.)
· In case of 15 kHz, the number of possible NB-PUSCH allocations for 1, 3, 6, and 12-tone formats are 12, 10, 7, and 1 respectively (30 cases requiring 5 bits)
· In case of 3.75 kHz, specify one of 48 subcarriers (requiring 6 bits)

It is likely that the number of DCI bits would be reduced to some extent by specifying, e.g., that coverage classes with reduced sets of valid transmission formats may be configured by appropriate RRC signalling (as discussed in accompanying contribution [3]). However it is desired to further reduce the number of DCI bits that indicate the NB-PUSCH allocation to lower the control signalling overhead, especially in case of coverage enhanced operation requiring a large number of repetitions.
[bookmark: _GoBack]To resolve the issues discussed above, the uplink NB-IOT resources may be divided in several logical sets of contiguous subcarrier allocations as illustrated in Figure 3. In general when configured, the 6-tone NB-PUSCH is always scheduled with the smallest subcarrier indices in {0, 6} within the LTE subcarrier, and the 3-tone NB-PUSCH is always scheduled with the smallest subcarrier indices in {0, 3, 6, 9} within the NB-IOT carrier. It is possible to schedule a single-tone NB-PUSCH on any of the NB-IOT subcarriers configured for such single-tone transmissions.
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[bookmark: _Ref442211757]Figure 3 A limited number of NB-PUSCH resource configurations may be defined

Proposal 1 [bookmark: _Ref442289453]A limited number of valid resource allocation configurations are defined at least for multi-tone NB-PUSCH transmission formats.
The NB-PUSCH resource configurations specified above enforce that the UL DMRS can have only certain possible offsets in the frequency domain, as illustrated in Figure 4. This ensures that several NB-PUSCH allocations do not overlap at all in frequency domain, reducing the inter-cell interference. Even when there is an overlap, the offsets between NB-PUSCH allocations is limited to 0, 3, or 6 subcarriers. This makes it possible to specify sufficiently many base sequences with reasonably good cross-correlation properties (for these offset values), and thus reduces inter-cell interference. 
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[bookmark: _Ref442213304]Figure 4 Examples of NB-PUSCH allocation within a subframe with proposed configuration scheme. The offset between NB-PUSCH allocations, and subsequently between the UL DMRS, is 0/3/6 subcarriers
Specifying a set of valid NB-PUSCH resource configurations can lead to smaller control signaling overhead for scheduling NB-PUSCH. This is especially important in case of coverage-enhanced UEs that might require several repetitions of the downlink control signal for successful decoding.
If the NB-PUSCH resource allocation, with the constraints discussed above (i.e. no explicit signalling of the NB-PUSCH resource configuration), the total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of 
1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}
3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}
4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12},
i.e. 1+2+4+12=19 different possible allocations, which is significantly smaller than the number of possible allocations in case of scheduling with 1-subcarrier granularity.
On the other hand, if the NB-PUSCH resource configuration is signalled semi-statically, subcarriers 0-2 and 3-5 may be configured for 3-tone transmissions and subcarriers 6-11 may be configured for 6-tone transmission on a semi-static basis (Config 2 in Figure 3). Then, there are only three possible NB-PUSCH frequency resource allocations (two 3-tone allocations and one 6-tone allocation), which can be indicated using only two bits in the DCI.
Proposal 2 [bookmark: _Ref442289462][bookmark: _Ref426290311]The valid NB-PUSCH resource configurations are signaled dynamically (i.e. in the DCI) or semi-statically (e.g. RRC signaling).
Conclusions
In this contribution, we discuss potential issues with NB-PUSCH resource allocation and related solutions. Based on the discussion above, we have the following proposals:
Proposal 1	A limited number of valid resource allocation configurations are defined at least for multi-tone NB-PUSCH transmission formats.
Proposal 2	The valid NB-PUSCH resource configurations are signaled dynamically (i.e. in the DCI) or semi-statically (e.g. RRC signaling).
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